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Abstract: In this study, the analysis of the effect of loading on the DGA results of the 
Paiton UAT 2A transformer units 1 and 2 was carried out using the DGA (Dissolved 
Gas Analysis) test tool with the X-DGA kelman tool to determine the gas content 
contained in oil or oil. The UAT 2A transformer is a type of oil-cooled distribution 
transformer that uses the Nytro Libra oil type. The oil in the UAT 2A transformer is 
useful for insulating and cooling media so that the UAT 2A transformer does not get 
hot. In the oil content there is a gas content that causes transformer failure. Gas failure 
is called gas fault which results in thermal and electrical failure. The results of the DGA 
(Dissolved Gas Analysis) test analysis show that loading greatly influences the DGA 
test results because there are contents that are indicated to experience Low Energy 
Electrical Discharge, Hight Energy Electrical Discharge and Thermal Fault, namely H2, 
CH4, C2H4, C2H6, C2H2, CO, CO2, and H2O continue to increase due to Thermal Fault. 
 
Keywords: DGA (Dissolved Gas Analysis); Electrical Discharge; Energy Thermal Fault; 
LED lights; UAT 2A transformer  

  
 
Introduction  
 

PT. PLN (Persero) is a national electricity company 
engaged in business starting from generation, 
transmission and distribution (Tiasmoro et al., 2021). 
Electrical energy is one of the main factors as an 
important support for the development of a region. With 
increasing industrial activity and population, the need 
for electrical energy will also increase. Based on the 
Decree of the Minister of Energy and Mineral Resources 
No. 1567k/21/MEM/2018 as of November 2017 the total 
installed generating capacity in Indonesia is 54577.9 MW 
consisting of 40285.7 MW PLN generators, 10457 MW 
private and 3835 MW leases, most of the power plants 
are in the form of Steam Power Plants (PLN, 2018). 

The use of an unbalanced electricity load with a 
large power subscription can result in inefficiency in 
financing. This results in high electricity bills that are 
paid monthly, plus the imposition of penalty fines due 
to the low power factor specifically for Medium Voltage 
subscriptions. Low transformer efficiency which means 
large losses can result in losses on the power provider 
side, in this case PT. PLN (Persero) and consumers, 

especially for Medium Voltage customers, Low 
transformer efficiency can be caused by low power 
factor, as well as low loading due to the use of non-linear 
loads (Ermawanto et al., 2011; Faiz et al., 2015). Factors 
that can affect the value of transformer losses include the 
temperature hotspot that occurs in a transformer. The 
magnitude of the temperature hotspot is much 
influenced by changes in the magnitude of loading and 
changes in ambient temperature. Changes in the value 
of this resistance are one of the factors that affect the 
amount of copper loss (I2R) in the transformer (Sutjipto, 
2020). The performance of the power transformer is 
determined through the parameters of the power that 
occur in the transformer (Dalila et al., 2009; Rizki & 
Ervianto, 2019; Yazdani-Asrami et al., 2021). If losses 
occur in the iron core, it can cause excessive heat and 
vibration in the transformer, causing the efficiency value 
and the transformer's lifespan (Loss of Life) to decrease 
(Tiasmoro et al., 2021). 

The decrease in the performance of power 
generator engines is usually caused by the factor of 
excessive energy losses (Sahin et al., 2020). However, at 
present the efficiency of a generator is only determined 
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by referring to energy efficiency based on the First Law 
of thermodynamics and it is felt that this method does 
not adequately describe the important aspects of energy 
utilization. Because of this, it is necessary to use a 
combination of exergy approaches based on Law II of 
thermodynamics to determine the accuracy of the 
efficiency of a generator (Zulmi et al., 2021). During 
operation, various forms of load conditions have been 
received by the BHT03 transformer and annual oil 
breakdown voltage tests have been carried out, but this 
condition still allows for a decrease in oil quality due to 
the quantity of gas content in transformer oil which has 
increased, so that the insulating properties of the oil do 
not function properly. well and can cause bigger 
problems, namely the transformer stops working 
because the GCB (Gas Circuit Breaker) experiences a trip 
(Sulistyo, 2016). Dissolved gas analysis (DGA) of a 
transformer can provide insight into the thermal and 
electrical stresses experienced by oil-immersed power 
transformers. Because it detects incipient transformer 
faults, DGA can help prevent further damage. In 
addition, DGA is a sensitive and reliable technique for 
detecting incipient fault conditions in oil-immersed 
transformers (Sun et al., 2012). From the elaboration 
above, it is necessary to carry out research on the effect 
of loading on the results of DGA (Dissolved Gas 
Analysis) transformer UAT 2A PLTU Paiton 1 & 2 to 
optimize self-use. 
 
Method  
 

In this research method using research writing in 
the form of quantitative methods. Quantitative research 
is research conducted by collecting data and using a 
structured list of questions (questionnaire) which are 
compiled based on measurements of the variables 
studied which then produce quantitative data 
(Abdullah, 2015). While quantitative research is research 
in the form of numbers and statistical analysis (Raco, 
2010). Quantitative research relies very heavily on data 
collection. The data in question is in the form of data 
obtained from the results of reading transaction points 
to be entered for calculation and analysis. 
 
DGA (Dissolved Gas Analysis) Test Method 

The DGA test was carried out by taking oil samples 
from the UAT 2A transformer unit and then extracting 
the dissolved gases. After the gas is extracted and then 
separated, the individual components are identified, 
then the quality is recorded (in units of Parts Per Million-
ppm). The main advantage in DGA testing is early 
detection of possible failures in the transformer to be 
tested. However, the main drawback is the need to 
increase the high purity of the tested oil samples. The 
average DGA test tool has a high sensitivity, so that the 
impurity of the sample will reduce the accuracy of the 

DGA test (Sun et al., 2012). There are several things to 
note in DGA sampling, including: the tool used in 
sampling uses the Transport X kelman measuring 
instrument; how to take samples, by providing a bucket 
as a container for transformer oil samples, then install 
the oil flushing unit on the transformer main tank drain 
valve; and the duration of oil sampling and testing is 
carried out in the laboratory. 
 
Gas Extraction Method 

In the gas extraction method in the DGA test used 
to extract fault gas dissolved in transformer oil, using 2 
Gas Chromatograph (GC) methods and the Photo-
Acoustic Spectroscopy (PAS) method. 
 
Gas Chromatograph (GC) 

Gas Chromatograph is a technique for separating 
certain substances from a combined compound, usually 
these substances are separated based on their volatility 
(Gas Chromatograph). This method can provide 
qualitative information from each individual component 
in the sample tested. The sample being tested may 
already be in the form of a gas or be heated and 
evaporated beforehand until it is in the form of a gas. 
 
Photo-Acoustic Spectroscopy (PAS) 

Each type of fault gas (hydrogen, methane, oxygen, 
etc.) basically has a unique and unique ability to absorb 
electromagnetic radiation. The absorption capability of 
this unit is usually applied to infrared spectroscopic 
techniques to produce photo-acoustic effects. The 
absorption of electromagnetic radiation by the gas will 
increase the temperature of the gas. This temperature 
increase is directly proportional to the increase in gas 
pressure (with the gas being in a closed container). By 
vibrating the radiation source, the pressure of the gas in 
this closed container will fluctuate synchronously so that 
the amplitude of the resultant pressure wave can be 
detected using a sensitive microphone. 

 
Analysis of Transformer Oil Conditions Based on DGA Test 
Results 

After knowing the characteristics and the amount 
of dissolved gases obtained from the oil samples, it is 
necessary to interpret the data and then analyze the 
condition of the UAT 2A transformer. 

 
IEEE standard 

IEEE applies standardization in conducting 
analysis based on the amount of dissolved gas in oil 
samples, namely IEEE std. C57. 104-2008 (IEEE, 2009). 

Table 1 lists the dissolved gas concentrations for 
each gas and the TDCG for conditions 1 to condition 4. 
This table is used to make the original assessment of the 
gas condition in a new or recently repaired transformer 
or is used if there were no previous tests on the 
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transformer for dissolved gases or if no recent history. 
Users of this guide are advised that the dissolved gas 
concentrations contained in Table 1 are consensus values 
based on the experience of many companies. The 

transformer operator may decide to use different 
dissolved gas concentrations for each gas (especially 
acetylene) and TDCG based on engineering judgment 
and experience with other similar transformers. 

 
Table 1. Dissolved Gas Concentration Limits in Parts Per Million (ppm) Based on IEEE std. C57. 104-2008 
Status  Dissolved key gas concentration limit (μL/L(ppm)a) 

Hyrogen 
(H2) 

Methane 
(CH4) 

Acetylene 
(C2H2) 

Ethylene 
(C2H4) 

Ethane 
(C2H6) 

Carbon 
Monoxide (CO) 

Carbone 
dioxide (CO2) 

TDCGb 

Condition 1 100 120 1 50 65 350 2500 720 
Condition 2 101-700 121-400 2-9 51-100 66-100 351-570 2500-4000 721-1920 
Condition 3 701-1800 401-1000 10-35 101-200 101-150 571-1400 4001-10000 1921-4630 
Condition 4 > 1800 > 1000 >35 >200 >150 >1400 >10000 >4630 
 

The conditions for a particular transformer are 
determined by finding the highest level for each gas or 
TDCG in Table 1. For example, if the sample contains the 
following gas concentrations (in microliters/liters (ppm), 
vol/vol) represented by formula 1. 
 
𝐻!
270

𝐶𝐻"
253

𝐶!𝐻!
5

𝐶!𝐻"
17

𝐶!𝐻#
75

𝐶𝑂
524

𝑇𝐷𝐶𝐺
1034  

(1) 

 
 

Gases included in the highest condition are H2, CH4, 
C2H2, C2H6, and TDCG (Furqaranda et al., 2022; Putra et 
al., 2023). This data therefore indicates that the 
transformer would be classified as Condition 2. This 
example can also be used to demonstrate two other 
factors that should be considered when using this table, 
namely the age of the transformer and the type of initial 
state. 
 

Table 2. Operation Action Based on TDCG Test Conditions 
Status  TDCG Levels 

(μL/L) 
TDCG Rate 
(μL/L/day) 

Sampling interval and operating procedures for gas 
generation rates 

Sampling 
Interval 

Operating Procedures 

Condition 4 >4630 >30 Daily Consider removal from service 
  10 to 30 Daily Advice manufacturer 
  <10 Weekly Exercise extreme caution 

Analyze for individual gases. 
Plan outage. 

Advice manufacturer 
Condition 3 1921 to 4630 >30 Weekly Exercise extreme caution 

 
  10 to 30 Weekly Analyze for individual gases. 
  <10 Monthly Plan outage 

Advice manufacturer 
Condition 2 721 to 1920 >30 Monthly Exercise caution. 
  10 to 30 Monthly Analyze for individual gases. 
  <10 Quarterly Determine load dependence. 
Condition 1 <720 >30 Monthly Exercise caution. 
  10 to 30 Quarterly Analyze for individual gases. 

Determine load dependence 
  <10 Annual Continue normal operation 
 

Table 2 shows the recommended initial sampling 
intervals and operating procedures for various TCG 
levels (in percent). After the source has been determined 
through analysis, inspection, consultation, or a 
combination thereof and the risks have been assessed, 
engineering judgment should be applied to determine 
the final sampling interval and operating procedures. 

Example: A transformer has a TCG rating of 0.4% 
and produces gas at a constant rate of 0.035% TCG per 
day. Table 2 shows Condition 1. It should be sampled 

monthly, and the operator should be careful, analyze 
each gas, and determine the load dependency. 

 
Key Gas 

The gas key is defined by IEEE std. C57. 104-2008 as 
"gases formed in oil-cooled transformers which 
qualitatively can be used to determine the type of failure 
that occurs, based on the type of gas that is typical or 
predominately formed at various temperatures". These 
definitions, when associated with various cases of 
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transformer failure that often occur, can be made into as shown in Table 3. 
 
Table 3. Type of Failure Version Key Gas Analysis 
Suggested fault diagnosis Ratio 1 CH4/CH2 Ratio 2 C2H2/C2H4 Ratio 3 

C2H2/CH4 
Ratio 4 

C2H6/C2H2 
Oil Gas space Oil Gas 

space 
Oil Gas 

space 
Oil Gas 

space 
Thermal decomposition >1.0 >0.1 <0.75 <1.0 <0.3 <0.1 >0.4 >0.2 
Partial discharge (low 
intensity PD) 

<0.1 <0.01 Not Significant <0.3 <0.1 >0.4 >0.2 

Arcing (high intensity PD) 
>0.1 to 

<1.0 
>0.01 to <0.1 >0.75 >1.0 >0.3 >0.1 <0.4 <0.2 

Result and Discussion 
 
Research Analysis Study Locations 

The location of the research in analyzing the 
loading on the DGA test results of the UAT 2A 
transformer was carried out in units 1 and 2 of the Paiton 
Steam Power Plant (PLTU) located in the Probolinggo 
Regency, East Java. The unit tested is a transformer that 
operates on units 1 and 2. The transformer specifications 
to be analyzed are as follows: 
Serial Number  : TSPH-91513/900 
Connection  : Dyn 11 
Nominal Voltage  : 125/50 kV 
Capacity  : 33.4 MVA 
Tank Capacity : 11,000 kg 

 
The UAT 2A transformer in PLTU units 1 and 2 uses 

Nytro Libra type oil. This oil is a new oil and has never 
been used. Oil type Nytro Libra is a type of nepthenic oil 
(Qian et al., 2012; Upadhyay, 2012). This oil has very 
good characteristics to be used as transformer insulating 
oil. The main advantage of this oil is its low viscosity at 
high temperatures, low solubility in water, and high 
oxidation stability. 

The DGA test uses a syringe valve measuring 
instrument, which is produced by Trasport X produced 
by Kelman. This measuring instrument detects seven 
types of fault gas, namely hydrogen, methane, ethane, 
ethylene, acetylene, carbon monoxide, carbon dioxide, 
as well as the PAS method for dissolved gas extraction 
(Lubisi et al., 2022; Odongo et al., 2021; Sarma et al., 
2021). DGA analysis is performed to detect the quantity 
of specific gas contained in an oil sample (Ali et al., 2023; 
Meira et al., 2019). Actually, during normal conditions 
there are gases dissolved in the oil, but when a failure 
occurs, it will increase the concentration of several types 
of gases. The composition of the increase in the 
concentration of these gases depends on the type of 
failure that occurs. The quantity/concentration of 

several types of dissolved gases when the oil sample is 
identified is then associated with various types of 
electrical and thermal failures/abnormalities. 
  
Sampling of UAT 2A Transformer Oil at PLTU Paiton Units 
1 and 2 

Testing is carried out by taking oil samples using an 
oil collection tool and then testing them in the laboratory 
using the DGA (Dissolved Gas Analysis) test equipment 
with the X-DGA kelman tool to determine the gas 
content contained in the tested oil (Malik et al., 2020; 
Mamane et al., 2021). Two transformers tested at the 
Paiton Probolinggo steam power plant, East Java. Can be 
seen in the Table 4. 

The results of the analysis of gas concentrations in 
Table 4 show that the gas elements CO, CH4, CO2, C2H2, 
C2H4, H2, and flammable gases are on average still below 
the allowable limit values as shown in Table 3. The 
results of the analysis for C2H6 gas obtained an average 
amounted to 24.26 ppm, but there was an increase in 
concentration from 2008 to 2010. Test results showed an 
increase in elements that exceeded the allowable limit 
value of 70.9 ppm. But overall this value is still below the 
allowable limit value of 65 ppm. The condition of the 
transformer from the electrical aspect is shown through 
the results of measuring the electrical quality of the 
BHT03 transformer using the Power Quality Analyzer 
(PQA) as shown in Table 5. The results of this 
measurement are then used to calculate the current 
density (A/mm2), secondary load line current (A) and 
temperature rise in transformer BHT03. 
 
DGA Test Data Analysis on UAT 2A Transformer 

The results of the UAT 2A transformer oil test 
analysis using DGA are shown in table 4. UAT 2A 
transformer oil sampling was carried out for 3 periods 
from 2017 to 2019. UAT 2A transformer oil samples were 
carried out in units 1 and 2 of PLTU Paiton. 

 
 
 
Table 4. Results of the UAT 2A Transformer Oil DGA Test Sample 
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Observation Ethylene 
(C2H4) 

Ethane 
(C2H6) 

Acetylene 
(C2H2) 

Carbon 
Monoxide 

 (CO) 

Carbon 
 Dioxide  

(CO2) 

Water  
(H2O) 

TDCG Load 
UAT  

2A 
I 16 45 1 955 8479 19 1053 858 
II 4 11 0 102 1883 19 129 607 
III 79 42 0 257 2474 17 481 513 
IV 47 27 0 336 3121 18 458 533 
V 1284 388 8 413 3700 18 3890 899 
VI 1199 265 7 466 4009 16 2747 648 
VII 1202 33 6 469 4365 19 2693 611 
VIII 1127 365 5 500 4717 19 2621 692 
IX 908 325 4 430 4804 24 2118 646 
X 1087 271 3 874 5899 17 2743 512 
XI 1127 365 5 500 4717 19 2621 622 
XII 1120 346 5 519 4826 19 2617 612 
XIII 1051 357 4 505 4695 21 2502 612 
XIV 1008 340 4 518 4991 20 2394 612 
XV 908 325 4 430 4804 24 2118 636 
XVI 1003 258 4 666 4692 20 2329 496 
XVII 1086 290 3 716 4610 20 2581 850 
XVIII 1087 271 3 874 5899 17 2743 512 

 
The results of the analysis of gas concentrations of 

the gas elements H2, CH4, C2H4, C2H6, C2H2, CO, CO2, 
H2O and flammable gases on average still below the 
allowable limit value (Mina & Kartika, 2023). The 
efficiency of the UAT 2A transformer of PLTU units 1 
and 2 is different. Where the UAT 2A transformer of 
PLTU unit 1 tends to have a constant efficiency, while 
the UAT 2A transformer of PLTU unit 2 shows an 
efficiency that fluctuates along with the need for self-
consumption loads. 

 
Conclusion  

 
From the results of the analysis of the effect of 

loading on the DGA results of the UAT 2A transformer 
PLTU units 1 and 2 Paiton on the dissolved gas content 
in the oil based on DGA (Dissolved Gas Analysis) testing 
with the TDCG method, key gas in the Paiton 
Probolinggo Steam Power Plant (PLTU) East Java, It can 
be concluded that the UAT 2A Unit 1 at PLTU Paiton 
produces a DGA (Dissolved Gas Analysis) test that 
loading has a major influence on the DGA test results 
because there are ingredients that are indicated to 
experience Low Energy Electrical Discharge, Hight 
Energy Electrical Discharge and Thermal Fault namely 
H2, CH4, C2H4, C2H6, C2H2, CO, CO2, and H2O continued 
to increase due to Thermal Fault.  
 
Acknowledgments  
Our thanks also go to Mr. Muhammad Hasan Basri as the 
supervisor in this research and those who have supported the 
research and provided moral and material assistance. 
 
Author Contribution 
The first author's contribution to the research is the mentor in 
the process of designing tools and data collection. The second 
author's contribution in this research is guiding the writing, 

and the third author's contribution is designing, writing, and 
data collection. 
 
Funding 
In this research for funding is done independently. 
 
Conflicts of Interest 
 The interest in this research is to implement the tool, and as a 
graduation requirement for the third author. 
 
References  
 
Abdullah, M. (2015). Metode penelitian kuantitatif. Aswaja 

pressindo, Yogyakarta. Retrieved from 
https://idr.uin-antasari.ac.id/5014/ 

Ali, M. S., Omar, A., Jaafar, A. S. A., Mohamed, S. H., & 
others. (2023). Conventional methods of dissolved 
gas analysis using oil-immersed power transformer 
for fault diagnosis: A review. Electric Power Systems 
Research, 216, 109064. 
https://doi.org/10.1016/j.epsr.2022.109064 

Dalila, M. S., Khalid, M. N., & Shah, M. M. (2009). 
Distribution transformer losses evaluation under 
non-linear load. In 2009 Australasian Universities 
Power Engineering Conference, 1–6. Retrieved from 
https://ieeexplore.ieee.org/abstract/document/5
356577 

Ermawanto, E., Warsito, A., & Karnoto, K. (2011). Analisa 
berlangganan listrik antara tegangan menengah (tm) 
dengan tegangan rendah (tr) dan analisa efisiensi trafo 
dalam rangka konservasi energi kampus undip 
tembalang. Jurusan Teknik Elektro Fakultas Teknik 
Undip. Retrieved from 
http://eprints.undip.ac.id/25715/l/ML2F001595.
pdf 

Faiz, J., Ghazizadeh, M., & Oraee, H. (2015). Derating of 
transformers under non-linear load current and 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2023, Volume 9 Issue 5, 4029-4035 
 

4034 

non-sinusoidal voltage--an overview. IET Electric 
Power Applications, 9(7), 486–495. 
https://doi.org/10.1049/iet-epa.2014.0377 

Furqaranda, R., Bintoro, A., Asri, A., Al-Ani, W. K. A., & 
Shrestha, A. (2022). Analysis Oil Condition of 
Transformer PT-8801-A by Using the Method 
TDCG, Rogers Ratio, Key Gas, and Duval Triangle: 
A Case Study at PT. Perta Arun Gas. Journal of 
Renewable Energy, Electrical, and Computer 
Engineering, 2(2), 47–54. 
https://doi.org/10.29103/jreece.v2i2.8567 

IEEE,  std. C. (2009). IEEE Standart Terminology for Power 
and Distribution Transformes. Institut of Electrical 
and Electronics Engineers, Inc. 

Lubisi, T. B., Jordaan, J. A., Akumu, A. O., & Nnachi, A. 
F. (2022). Application of Dissolved Gas Analysis for 
Transformer Condition Assessment Using 
Computational Intelligence. 2022 30th Southern 
African Universities Power Engineering Conference 
(SAUPEC), 1–6. 
https://doi.org/10.1109/SAUPEC55179.2022.9730
777 

Malik, H., Sharma, R., & Mishra, S. (2020). Fuzzy 
reinforcement learning based intelligent classifier 
for power transformer faults. ISA Transactions, 101, 
390–398. 
https://doi.org/10.1016/j.isatra.2020.01.016 

Mamane, L. M., AMOO, A. L., & JIYA, J. D. (2021). 
Artificial Neural Network Based Fault Diagnostic 
Tools of Power Transformer in Bauchi 132/33 kV 
Substation. IRE Journals, 5(5), 146-154. Retrieved 
from 
https://www.irejournals.com/formatedpaper/17
02978.pdf 

Meira, M., Ruschetti, C., Álvarez, R., Catalano, L., & 
Verucchi, C. (2019). Dissolved gas analysis 
differences between natural esters and mineral oils 
used in power transformers: a review. IET 
Generation, Transmission & Distribution, 13(24), 
5441–5448. https://doi.org/10.1049/iet-
gtd.2018.6318 

Mina, M., & Kartika, K. (2023). Monitoring System for 
Levels of Voltage, Current, Temperature, Methane, 
and Hydrogen in IoT-Based Distribution 
Transformers. International Journal of Engineering, 
Science and Information Technology, 3(1), 22–27. 
https://doi.org/10.52088/ijesty.v3i1.414 

Odongo, G., Musabe, R., & Hanyurwimfura, D. (2021). 
A multinomial DGA classifier for incipient fault 
detection in oil-impregnated power transformers. 
Algorithms, 14(4), 128. 
https://doi.org/10.3390/a14040128 

PLN, R. P. (2018). Rencana Usaha Penyediaan Tenaga 
Listrik PT Perusahaan Listrik Negara (PERSERO) 
Tahun 2018 S.D. 2027. PT. PLN Persero. 

Putra, M. A. A., Prasojo, R. A., Novfowan, A. D., & 

Neelmani, N. (2023). Dissolved Gas Analysis of 
Generator Step Up Transformer in Grati Power 
Plant Using Random Forest Based Method. Journal 
of Telecommunication Network (Jurnal Jaringan 
Telekomunikasi), 13(1), 51–58. 
https://doi.org/10.33795/jartel.v13i1.583 

Qian, Y. H., Huang, Y. Bin, Fu, Q., Wu, H. Y., & Zhong, 
Z. S. (2012). Comparative Study on the Impurities 
Content of Hydrogenated Transformer Oil under 
Static Condition. Advanced Materials Research, 421, 
129–135. 
https://doi.org/10.4028/www.scientific.net/AM
R.421.129 

Raco, M. E. (2010). Metode penelltlan kualltatlf jenis, 
karakteristik, dan keunggulannya. Grasindo. 

Rizki, Y. Y., & Ervianto, E. (2019). Perkiraan umur 
transformator berdasarkan pengaruh pembebanan 
dan temperatur lingkungan menggunakan metode 
trend linear. Jurnal Online Mahasiswa (JOM) Bidang 
Teknik Dan Sains, 6, 1–8. Retrieved from 
https://jom.unri.ac.id/index.php/JOMFTEKNIK
/article/view/24838 

Sahin, A. Z., Ismaila, K. G., Yilbas, B. S., & Al-Sharafi, A. 
(2020). A review on the performance of 
photovoltaic/thermoelectric hybrid generators. 
International Journal of Energy Research, 44(5), 3365–
3394. https://doi.org/10.1002/er.5139 

Sarma, G. S., Reddy, R., Nirgude, P. M., & Naidu, V. 
(2021). A Review on Real Time Fault Detection and 
Intelligent Health Monitoring Techniques of 
Transformer. 11(10). https://doi.org/10.9790/9622-
1110034047 

Sulistyo, T. (2016). Pengkajian Kondisi Transformator 
Bht03 Pada Rsg-Gas Menggunakan Metoda 
Dissolved Gas Analysis. SIGMA EPSILON-Buletin 
Ilmiah Teknologi Keselamatan Reaktor Nuklir, 18(3–4). 
https://doi.org/10.17146/sigma.2014.18.3-4.2890 

Sun, H.-C., Huang, Y.-C., & Huang, C.-M. (2012). A 
review of dissolved gas analysis in power 
transformers. Energy Procedia, 14, 1220–1225. 
https://doi.org/10.1016/j.egypro.2011.12.1079 

Sutjipto, R. (2020). Studi pengaruh pembebanan 
terhadap perubahan suhu dan perubahan rugi-rugi 
daya pada transformator. JURNAL ELTEK, 18(1), 
62–71. Retrieved from 
https://pdfs.semanticscholar.org/6907/6c7baacd
bcbdfc0533f956acbc6d38193920.pdf 

Tiasmoro, I. B., Topan, P. A., & others. (2021). Analisa 
Pengaruh Pembebanan Terhadap Efisiensi dan 
Susut Umur Trafo Step UP 6kV/70kV di PLTU 
Sumbawa Barat Unit 1 dan 2 2x7 MW PR. PLN 
(Persero) UPK Tambora. Jurnal TAMBORA, 5(2), 1–
7. https://doi.org/10.36761/jt.v5i2.1099 

Upadhyay, C. (2012). A study of life time management of 
Power Transformers at E. ON’s Öresundsverket, 
Malmö. CODEN: LUTEDX/TEIE. Retrieved from 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2023, Volume 9 Issue 5, 4029-4035 
 

4035 

https://lup.lub.lu.se/luur/download?func=down
loadFile&recordOId=3731802&fileOId=3731803 

Yazdani-Asrami, M., Gholamian, S. A., Mirimani, S. M., 
& Adabi, J. (2021). Influence of field-dependent 
critical current on harmonic AC loss analysis in 
HTS coils for superconducting transformers 
supplying non-linear loads. Cryogenics, 113, 103234. 
https://doi.org/10.1016/j.cryogenics.2020.103234 

Zulmi, M. R., Suanggana, D., & Kurniawati, D. M. (2021). 
Analisis Efisiensi Energi, Efisiensi Eksergi, dan Laju 
Kerusakan Eksergi Pada Komponen Mesin PLTU 
Muara Jawa Dengan Variasi Pembebanan. Media 
Mesin: Majalah Teknik Mesin, 22(1), 1–12. 
https://doi.org/10.23917/mesin.v22i1.11832 

 


