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This research aimed to evaluate the cause of the low-value performance of the
electrical energy production engine of GT21 and GT22 units and determine the way to
repair so that the engine performance can be improved. This research uses descriptive
quantitative approach with value analysis methods Overall Equipment Effectiveness
(OEE). The result of OEE values were analyzed using six big losses method so that the
occurrence of loss factors can be found and root cause analysis performance using a
causal diagram/fishbone diagram and then make any improvement recommendations
that can be done by using s W1H analysis. Based on the research results, performance
OEE machine GT21 units of electrical energy production get low value caused by idling
and minor stoppage amounting to 99.91% and downtime losses of 0.09%, while the
GT22 units due to the setup and adjustment of 16.99% and idling and minor stoppage
amounted to 82.98%. The root causes of the losses derived from the operation
pattern, the competence of employees, the availability of spare parts, inspection and
implementation of the standard job performance test regularly. While remedial steps
can be taken by installing some additional equipment and improved methods on the
production machine.

Overall Equipment Effectiveness (OEE), six big losses, fishbone diagram,
5W4H analysis

The development of technology and the need for energy is getting bigger in the world,
cheap energy is a leading choice for use. One form of cheap energy is in the form of
electrical energy, namely the energy change of primary energy (coal, oil, water and
gas) into electrical energy. Places that serve as the industry field is hydroelectric. PT.
Pembangkitan Jawa Bali manages six power plants in Java, with a total capacity of
6,511 MW. One of the six power plants are generating unit Muara Tawar, operating
power plants with a total capacity of 2,024 MW. This plant is a type of steam power
Plant that converts the energy of the primary form of natural gas or oil (High Speed
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Diesel/HSD) into electrical energy. The machine is divided into five blocks namely: (a).
Block-1: The machines combine cycle power plant gas turbines, with the type Alstom
13E2 (unit GT11, GT12 and GT13). (b). Block-2: The machines combine cycle power plant
gas turbines, with the type Alstom 13E2 (Unit GT21and GT22). (c). Block-3&4 : The open-
cycle gas engine power generation turbine with a Siemens machine manufacturing
GT31, GT32, GT33, GT41, GT42 and GT43). (d). Block-5: The machines combine cycle
power plant gas turbines, with the type Alstom 13E2 -MXL (GT51)

The study was done by comparing the performance of the engine between the
engine power plant on the block-1 operate in combine cycle power plants with the
engine on the block-2 operating in open cycle. The result of the comparison of the per-
formance of the power plant’s engine, engine performance will be determined where
the achievement of his performance the OEE is still low. Researchers using secondary
data within the company obtained during one year i.e., data for the year 2015 and will
conduct a search of the factors cause by using the methods of the six big losses of
engine power. Diagram analysis method using cause and effect/Fishbone diagrams
and sW1H, this research will determine the alternative solutions of improvement that
can be done so that the performance of the company’s engine plant that is changing
for the better as well as on the other machine.

2.1. Total productive maintenance (TPM)

Dogra (2011) stated the TPM is designed to maximize Overall Equipment Effectiveness
(OEE), by involving the entire Department of planning, use, and care for the equipment,
as well as involving all employees ranging from top management to the operator field.
Eswaramurthi (2013) the aim of the OEE, namely identifying losses, the OEE is basically
from bottom to top approach by involving all employees in order to achieve the target
of OEE by eliminating six losses. Almeanazel (2010) said TPM is maximizing the effec-
tiveness of equipment aimed at work. Almeanazel (2010) the TPM is a program for the
development of fundamentals of function maintenance in an organization, involving
the whole HR. TPM has three major targets as follows: Zero product defects, Zero
equipment unplanned, and Zero accident.
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2.2. OEE (Overall equipment effectiveness)

Vorne Industries Inc. (2008) described OEE is the best way to monitor and improve
the effectiveness of the manufacturing process, such as: machine, cell manufacturing,
assembly line. Nayak (2013) OEE are the result of calculation of factors that contribute
to from a product i.e. availability, performance and quality. OEE can be used by man-
agement as a tool to measure and evaluate the productivity of the machine. Vorne
Industries Inc. (2008) value or score the OEE is calculated taking into account three
factors: (a). Availability, (b). Performance, (c). Quality

2.3. Six big losses

Wijoseno (2015) OEE measures whether the production equipment can work with high
performance or low. The six big losses cause production equipment does not oper-
ate with the normal IE: (a). Breakdown, (b). Set up and adjustment, (c). Small stops,
(d).Reduced speed, (e). Start-up rejects, (f). Production rejects.

2.4. Fishbone diagram (Ishikawa diagram)

Syukron and Kholil (2013) Ishikawa diagram or also called Fishbone diagrams, herring
bone diagrams, cause and effect diagrams, is a causal diagram that shows the causes
of an event or certain events. Heizer and Render (2008) stated a causal diagram is
one of the tools that can help identify possible locations of quality problems and
examination, also called Ishikawa diagram, or Fishbone diagram.

2.5. sW1H

In the manufacturing company, the production and quality control is called sW4H (Five
Ws One H). Thi Tuyet Tran (2013) this method is used in a variety of professions and
situations, not only to understand and explain almost every problem or problems but
also to organize the writing of the report. 5\W1H analysis method is essentially a method
that is used to initiate an investigation and research on problems that occur in the
production process. Concepts or methods of analysis 5W1H is certainly not only can be
used in the production process but also more widely used to develop the information.
5W1H stands for sW i.e. What, Where, When, Why, Who and the 1 H, that is, How. 5W1H
method can be used as a tool to make the proposed improvement of the problems
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derived from the method of Fishbone diagram to reduce defective products. (Purba,

2014)

This research is quantitative and qualitative research by doing calculations or analysis
of performance calculated using OEE of each machine on a power plant block 1 and 2
for knowing the problems and solutions of low-performance machines, this research
also do descriptive exploratory analysis using the causal diagram. The population in
this study all engine power plants twelve units. This research took five samples on the
engine power plant block 1 and 2.

Data on the machine availability production power plant derived from the produc-
tion of data calculation engine in units (GWH/Giga Watt Hour). To achieve the overall
equipment effectiveness (OEE), then the first step that is the focus of major losses to
eliminate (the six big losses), then the analysis of the Causal (Ishikawa diagram), and
the making of the recommendation or proposed improvement measures made after
the known results of the calculation of the Overall Equipment Effectiveness, six big
losses and the result of the root of the problem using cause and effect analysis.

The six big losses of the engine unit GT21 resulting from the presence of idling and
minor stoppage i.e. of 7971.63 hours or 99.91%. While the rest of the existing losses
caused from a factor of downtime losses of 7.32 minutes or 0.09%.

The loss of the six big losses on the engine unit GT22 that the machine there are two
sources of greatest losses i.e. the setup and adjustment of 1443.78 hours or 16.99%
and also caused from idling and minor stoppage of 7049.97 hours or 82.98%. There
is little the most losses on downtime losses 1.75 hours or 0.02% caused due to a
breakdown in the machinery.

The source of the biggest losses on the engine unit GT21 caused by idling and minor
stoppage i.e. of 99.91%. The losses caused by the presence of reverse shutdown is a
condition where the engine power plants experienced a shutdown at the request of
the customer. As a single buyer of products generated by the engine manufacturer can
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provide products with criteria: low cost production and the machine high responsive. So
based on these conditions, the losses on the reverse side of the production machines
shutdown may imply that the problem lies in the high cost production and the engine
low responsive. The electric energy generation industry’s production cost is also known
by the term heat rate i.e. the value/price of the product revealed by the Rupiah per
kWH.

Machines

High Cost
Production

I vagn ammiiany
I temperstors

Lirnited sipody

Environment Materials materal prices

Figure 1: High cost production on the engine unit GT21. Source: Six Big Losses calculation data (2016).

The cause of the occurrence of high production values on the engine production unit
of GT21: (3). The Material used in the production process is fuels and Consumable Parts.
(b). The process of Feeding the incoming gas on production machine with declining
value calories causes the value/price of the product (Rp/kWH) resulting in a higher
rate. (c). Environmental factors in the form of a high ambient temperature (26-34
° (). (d). The human factor due to haven’t been doing an adjustment between the
requirement and the number of workers assigned to operate and maintain production
equipment. (e). Engine production units have as unit construction GT21 power plant
open cycle. The cause of the occurrence of low response to the engine production unit
GT21; There is no test the readiness of the production machine regularly, employees
who are not competent, engine failure at start up and the decrease in engine perfor-
mance. The source of the biggest losses on the engine unit GT21 caused by idling and
minor stoppage of 82.98% IE and Setup and adjustment of 16.99%. Idling and minor
stoppage losses caused by the presence of reverse shutdown.

The cause of the occurrence of high cost production on the engine production unit
GT22: absence of pre-heater used to raise the temperature of the gas (fuel) into the
input of the machine production, high ambient temperature (26-34 ° C), the number of
workers and competence, open cycle operation pattern. The cause of the occurrence
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Figure 2: Fishbone Diagram High Cost Production Unit GT22. Source: Six Big Losses calculation data (2016).

of low response to the engine production unit GT22: machine parts not available due
has not been produced by the manufacturer, the competence of employees is low, and
no running test machine. Causes of occurrence of losses due to plan an outage on the
engine unit GT22 stems from factors incompetent technicians and no updated standard
of work.

Based on the analysis of the causes by using the diagram for further analysis is done
using the sW4H in order to get improvement the performance of the engine production
can be increased. The engine production unit and unit GT21 and GT22 has roots in the
same problems associated with the high cost of production and low response.

The factors of the six big losses affecting low achievement of OEE performance pro-
duction machine unit GT21 because idling and minor stoppage with a value of 7971.63
hours or 99.91% and downtime losses of 7.32 minutes or 0.09%. While on the engine
unit GT22 because setup and adjustment factors to the value of 1443.78 hours or
16.99% and also caused from idling and minor stoppage of 7049.97 hours or 82.98%.
The root of the problem on the engine production unit and the GT22 GT21 resulting from
several sources including: the influence of the operating machine, pattern of lack of
competence of employees and production technicians, the availability of spare parts
which are not optimal, the standard documents job used to the inspection work is not
appropriate/not yet updates and performance test is not done on a regular basis at the
time of production machine in standby condition. Engine performance improvement by
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making the design and installation of the equipment of pre-heater fuel (gas), the addi-
tion of inlet Air inlet air side unplug chilling combustion (air intake filter), the addition
of heat exchanger device on a cooling system generator, the addition/change pattern
HRSG equipment operation, renewal of the standard documents job for inspection and
doing a Work Load Analysis as the basis for the determination of the number and

competence of employees.

[1] Almeanazel, 2010. “Total Productive Maintenance Review an Overall Equipment
Effectiveness Measurement”. Jordan Journal of Mechanical and Industrial Engineering.
Vol 4, Issue 4: 517-522.

[2] A Mansyur, R Rayendra and MI Mastur. 2016. “Performance Acceleration on
Production Machines Using the Overall Equipment Effectiveness (OEE) Approach”.
Materials Science and Engineering. Faculty of Industrial TechnologyUIl. Yogyakarta.
Indonesia.

[3] Amin Syukron, Moch Kholil. 2013. “Six Sigma Quality For Business Improvement”.
Graha llmu. Yogyakarta.

[4] Anonim. 2015. Buku Saku Karyawan: Pedoman Good Corporate Government. PT
Pembangkitan Jawa Bali. Surabaya. Indonesia.

[5] Anonim. 2011. Dokumen Elektonik: OD-Viewer Project Muara Tawar 5. PT. Alstom.
Switzerland.

[6] Anonim. 2008. Fast Guide to Overall Equipment Effectiveness (OEE). Vorne Industries
Inc. Itasca. US.

[7] Anonim. 2015. Laporan Produksi dan Niaga. PT Pembangkitan Jawa Bali Unit Muara
Tawar. Bekasi Utara. Indonesia.

[8] Ari Zaqi Al Faritsy, Suseno. 2015. “Peningkatan Produktivitas Perusahaan dengan
Menggunakan Metode Six Sigma, Lean dan Kaizen”. Jurnal Teknik Industri. Vol. X.
No. 2.

[9] Betrianis, Robby Suhendra. 2005. “Pengukuran Nilai Overall Equipment Effectiveness
Sebagai Dasar Usaha Perbaikan Proses Manufaktur pada Lini Produksi (Studi Kasus
Pada Stamping Production Division Sebuah Industri Otomotif)”. Jurnal Teknik Industri.
Vol. 77 No. 2. Hal: 91- 100.

[10] Badiger, A S. 2008. “A Proposal: Evaluation OEE and Impact of Six Big Losses on
Equipment Earning Capacity”. Int. J. Process Management and Benchmarking, Vol. 2,

Issue 3: 234-248.

DOI 10.18502/kss.v3i10.3468 Page 1276



E KnE Social Sciences

ICOI-2018

[11] Binoy Boban, Jenson Joseph E. 2013. “Enhancing Overall Equipment Effectiveness for
a Manufacturing Firm through Total Productive Maintenance”. International Journal of
Emerging Technology and Advanced Engineering. Vol. 3. ISSN: 2250-2459.

[12] Didik Wahjudi, Soejono Tjitro, Rhismawati Soeyono. 2009. “Studi Kasus Peningkatan
Overall Equipment Effectiveness (OEE) Melalui Implementasi Total Productive Mainte-
nance (TPM)”. Seminar Nasional Teknik Mesin IV 30 June 2009, Surabaya, Indonesia.

[13] Dinda Hesti Triwardani, Arif Rahman, Ceria Farela Mada Tantrika. 2013. “Analisis
Overall Equipment Effectiveness (OEE) Dalam Meminimalisi Six Big Losses Pada Mesin
Produksi Dual Filters DDo7”. Jurusan Teknik Industri. Universitas Brawijaya.

[14] Dogra, M. et al 2011. “TPM A-Key Strategy for Production Improvement in Process
Industry”. Journal Of Engineering Science & Technology, Vol 6, Issue 1: 1-16.

[15] Firdos Jahan Khan, Quazi T. Z. 2014. “Implementation of Kobetsu Kaizen pillar
in Improving Overall Equipment Effectiveness of Machine”. International Journal Of
Engineering Sciences & Research Technology, hal 562-670. ISSN: 2277-9655.

[16] Gaspersz, Vincent. 2007. Lean Six Sigma for Manufacturing and Service Industries. PT

Gramedia Pustaka Utama. Jakarta.

[17] H. Abdul Samat, S. Kamaruddin, |. Abdul Azid. “Integration of Overall Equipment
Effectiveness (OEE) and Reliability Method for Measuring Machine Effectiveness”. South
African Journal of Industrial Engineering. Vol. 23 (1). pp. 92-113.

[18] Ida Nursanti1, Yoko Susanto. 2014. “Analisis Perhitungan Overall Equipment Effective-
ness (OEE) Pada Mesin Packing Untuk Meningkatkan Nilai Availability Mesin”. Jurnal
[Imiah Teknik Industri. Vol. 13. No. 1. ISSN: 1412-6869.

[19] Imai, Masaaki. 2012. Gemba Kaizen: A Commonsense Approach to A Continuous
Improvement Strategy. Second Edition. McGraw hill. New York.

[20] Irfan Wijoseno. 2015. “Analisis Overall Equipment Effectiveness Dalam Meminimal-
isasi Six Big Losses Pada Mesin Produksi Plant 2”. Tesis. Universitas Mercu Buana.
Jakarta.

[21] Joko Susetyo. 2009. “Analisis Pengendalian Kualitas dan Efektivitas dengan Integrasi
Konsep Failure Mode & Effect Analysis dan Fault Tree Analysis Serta Overall Equipment
Effectiveness”. Jurnal Teknologi Technoscientia. Vol. 2. No. 1. ISSN: 1979-8415.

[22] Joko Susetyo, Winarni, Catur Hartanto. 2011. “ Aplikasi Six Sigma dan Kaizen Sebagai
Metode Pengendalian dan Perbaikkan Kualitas Produk”. Jurnal Teknologi. Volume.
4. No. 1. Hal: 61-53.

[23] Kumar, A. 2014. “Evolution of Various Losses in Total Productivity Maintenance”. Indian
Journal of Applied Research, Vol 4, Issue 3: 155-157.

DOI 10.18502/kss.v3i10.3468 Page 1277



E KnE Social Sciences ICOI-2018

[24] M. Maran, G. Manikan dan, K. Thiagarajan. 2012. “Overall Equipment Effectiveness
Measurement by Weighted Approach Method”. Proceedings of the International Multi
Conference of Engineers and Computer Scientists. Vol. 2. ISSN: 2078-0958.

[25] McGraw Hill. 2003. Nieble’s, Methods, Standards and Work Design. The McGraw
Hill Companies Inc. New York. America.

[26] Mohd. Azam Musa, Nazrul Idzham Kasim, Akhtar Razul Razali, Mahadzir Ishak,
Wan Ahmad Najmuddin Wan Saidin. 2014. “Improvement of Overall Equipment
Effectiveness (OEE) Through Implementation of Autonomous Maintenance in Crankcase
Line”. Applied Mechanics and Materials. Vol. 761. pp: 165-169.

[27] Much. Djunaidi, Resti Natasya. 2013. “Pengukuran Produktivitas Mesin dengan
Overall Equipment Effectiveness (OEE) di PT. Sinar Sosro KPB. Cakung”. Simposium
Nasional Teknologi Terapan (SNTT). ISSN: 2339-028X.

[28] Nazrul Idzham Kasim, Mohd Azam Musa, Akhtar Razul Razali, Noraishah Mohamad
Noor, Wan Ahmad Najmuddin Wan Saidin. 2015. “Improvement of Overall Equipment
Effectiveness (OEE) Through Implementation of Total Productive Maintenance (TPM) in
Manufacturing Industries”. Applied Mechanics and Materials. Vol. 761, pp: 180-185.

[29] Nayak, D M. 2013. “Evaluation of OEE in A Continuous Process Industry on an Insulation
Line in A Cable Manufacturing Unit”. Int. J. Innovative Research in Science, Engineering,
and Technology, Vol. 2. Issue. 5. May 2013: 1629-1634.

[30] P. Muchiri, L. Pintelon. 2008. “Performance Measurement Using Overall Equipment
Effectiveness (OEE)-Literature Review and Practical Application Discussion”. Interna-
tional Journal of Production Research. Vol. 46. No. 13. ISSN 0020-7543.

[31] Puvanasvaran P, Teoh YS, dan Tay CC. 2013. “Consideration of Demand Rate in Overall
Equipment Effectiveness (OEE) on Equipment With Constant Process Time”. Journal of
Industrial Engineering and Management. Vol. 6, No. 2. pp: 507-524.

[32] Rahmad, Pratikto, Slamet Wahyudi. 2012. “ Penerapan Overall Equipment Effective-
ness (OEE) Dalam Implementasi Total Productive Maintenance (TPM). Jurnal Rekayasa
Mesin. Vol. 3. No.3. ISSN: 0216-468X.

[33] Reinder Barry, Heizer Jay. 2008. Prinsip-Prinsip Managemen Operasi. Salemba Empat.
Jakarta. Indonesia.

[34] Shekhar Sahu, Lakhan Patidar, Pradeep Kumar Soni. 2015. “5S Transfusion to Overall
Equipment Effectiveness (OEE) for Enhancing Manufacturing Productivity”. International
Research Journal of Engineering and Technology. Vol. 2. e-ISSN: 2395 -0056.

[35] Sugiyono. 2013. Metode Penelitian Bisnis. Penerbit Alfabeta. Bandung. Indonesia.

[36] Suwandi. 2014. Diagram Pareto. Majalah Shift Indonesia. http://sixsigmaindonesia.
com/pareto-chart/ (assesed 7 December 2014).

DOI 10.18502/kss.v3i10.3468 Page 1278


http://sixsigmaindonesia.com/pareto-chart/
http://sixsigmaindonesia.com/pareto-chart/

E KnE Social Sciences ICOI-2018

[37] Syukron Amin dan Ir. Muhammad Kholil. 2013. Six Sigma Quality For Business
Improvement. Graha limu. Yogyakarta.

[38] Vincent Gazpersz. 2007. Lean Six Sigma For Manufacturing and Industries. PT
Gramedia Pustaka Utama. Jakarta. Indonesia.

DOI 10.18502/kss.v3i10.3468 Page 1279



	Introduction 
	Literature Review
	Total productive maintenance (TPM)
	OEE (Overall equipment effectiveness)
	Six big losses
	Fishbone diagram (Ishikawa diagram)
	5W1H

	Methods
	Results 
	Discussion 
	Conclusion 
	References

