
 

 

付録 

 

A-27 
 

表 1 発電機出力設定（2015 年ピーク）（1/4） 
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表 2 発電機出力設定（2015 年ピーク）（2/4） 
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表 3 発電機出力設定（2015 年ピーク）（3/4） 
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表 4 発電機出力設定（2015 年ピーク）（4/4） 
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表 5 発電機出力設定（2015 年オフピーク）（1/4） 
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表 6 発電機出力設定（2015 年オフピーク）（2/4） 
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表 7 発電機出力設定（2015 年オフピーク）（3/4） 
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表 8 発電機出力設定（2015 年オフピーク）（4/4） 
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表 9 負荷と SIL 値の比較（2015 年 SIL 値を超過する箇所のみ記載）（1/4） 
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表 10 負荷と SIL 値の比較（2015 年 SIL 値を超過する箇所のみ記載）（2/4） 
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表 11 負荷と SIL 値の比較（2015 年 SIL 値を超過する箇所のみ記載）（3/4） 
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表 12 負荷と SIL 値の比較（2015 年 SIL 値を超過する箇所のみ記載）（4/4） 
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表 13 発電機出力設定（2021 年）（1/5） 
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表 14 発電機出力設定（2021 年）（2/5） 
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表 15 発電機出力設定（2021 年）（3/5） 
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表 16 発電機出力設定（2021 年）（4/5） 
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表 17 発電機出力設定（2021 年）（5/5） 
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表 18 負荷と SIL 値の比較（2021 年 SIL 値を超過する箇所のみ記載）（1/4） 
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表 19 負荷と SIL 値の比較（2021 年 SIL 値を超過する箇所のみ記載）（2/4） 

 
 



 

 

付録 

 

A-46 
 

表 20 負荷と SIL 値の比較（2021 年 SIL 値を超過する箇所のみ記載）（3/4） 
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表 21 負荷と SIL 値の比較（2021 年 SIL 値を超過する箇所のみ記載）（4/4） 
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用  語  集 

用 語 英 語 意    味 
正相電圧 positive phase 

voltage 
三相不平衡電圧を対称座標法で正相分、逆相分及び

零相分に分解したときの正相分の電圧 
逆相電圧 negative phase 

voltage 
三相不平衡電圧を対称座標法で正相分、逆相分及び

零相分に分解したときの逆相分の電圧 
サージ電圧 surge voltage 電気回路などに瞬間的に定常状態を超えて発生する

大電圧 
過電流 Over Current 定格を超える電流 

不足電圧 Under Voltage 装置保護のための 低電圧レベル 
不平衡 Unbalance 三相回路において、各相の電圧・周波数・位相差（2/3

π）に、ずれが生じること 
自動電圧調整器 AVR 定常運転時に同期機の電圧を一定に保持する機能に

よって、電圧上昇を抑制する装置 
自動無効電力調整

器 
AQR 発電機の無効電力を、励磁電流の自動調整により制

御する装置 
負荷時タップチェ

ンジャー 
On-load 

Tap-changer 
負荷時にタップを切り替え、２次電圧を変える装置 

無負荷時タップチ

ェンジャー 
Off-load 

Tap-changer 
無負荷時にタップを切り替え、２次電圧を変える装

置 
公称電圧 
標準電圧 

Nominal Voltage そのシステムが基準としている電圧 

テレメータ Telemeter 遠隔地から伝送された測定量を計測・記録する装置 
バンクダウン潮流 bank down 

power flow 
変圧器を１次側から２次側に流れる潮流 

連系線潮流 Interface Flow 連系線内の有効・無効電力の流れ 
耐サージ性能 Surge Resistance 瞬間的に定常状態を超えた事象に対する耐性 
速度調定率 Speed Regulation 調速機が正常に動いているときに、発電機の運転中

に出力が変化したときの速度変化の度合い 
ﾃﾞｨｸﾞｻｲﾚﾝﾄ Digsilent 電力系統解析ソフト 
ELD 機能 Economic Load 

Dispach Function
経済負荷配分機能 

N-1 事故時 N-1 contingency 一回線事故時 
LFC 機能 LFC function 負荷周波数制御機能 
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ワークショップ及び研修セミナー資料 





AGENDA 

The Workshop on the Study on Power Supply Reliability 

Improvement in Jakarta 
 
Date: 18, Apr 2013 
Venue:  Ambhara Hotel, JI. Iskandarsyah Raya 1, Blok M 12160 
Attendants : PLN, P3B, Indonesia Power, PJB 
 
Time table: 

8:15 – 8:45  Registration 
 
8:45 – 9:00  Opening remarks    Representative of  

JICA Indonesia 
PLN Head of  System Planning 
Division  Djoko Prasetyo  

 
9:00 – 9:20  Outlines      Mr.  Masaharu YOGO 

Team Leader/Power Supply Planner 
 
9:20 – 9:50  Study of the System of 2012  Mr.  Atsumasa SAKAI 

Power System Operation Analyst 
 
9:50– 10:20  Study of the System of 2015  Mr. Masaya OTSUKI 

Power Supply System Planner 
10:20 – 10:35  (Coffee break) 

 
 
10:35– 11:05  Study of the System of 2021  Mr.  Masaharu YOGO 

Team Leader/Power Supply Planner 
 

 
11:05 – 11:35  Voltage & Frequency Control  Mr.   Hitoshi OMATA 

Power Generation Facility Planner 
 
11:35 – 12:05  Capacitor Installation    Mr. Takashi WAKABAYASHI 
                            Mr. Eiji MATSUDA  

Substation Facility Operation Planner  
12:05– 12:15  Q&A  
 
12:15 – 12:25  Closing Remarks                                                     PLN  
 
12:25– 13:25  (Lunch) 
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Outlines of the StudyOutlines of the Study

The WorkshopThe Workshop 
onon

The Study on Power Supply Reliability The Study on Power Supply Reliability 
Improvement in JakartaImprovement in Jakarta

JakartaJakarta, April 18, 2013, April 18, 2013

PT.PLN (PT.PLN (PerseroPersero))

Japan International Cooperation Agency (JICA)Japan International Cooperation Agency (JICA)

Tokyo Electric Power Company Inc.Tokyo Electric Power Company Inc.

Nippon Koei Co., LTDNippon Koei Co., LTD

Schedule of the StudySchedule of the Study

 11stst mission (Dec. 2012), 2mission (Dec. 2012), 2ndnd (Jan.(Jan.--Feb.2013) & 3Feb.2013) & 3rdrd

(Apr. 2013)(Apr. 2013)

 Review Power Supply and System Operation PlanReview Power Supply and System Operation Plan

 Confirm the Current Situation of System Confirm the Current Situation of System 
OperationOperation

 Develop Voltage Stabilization PlanDevelop Voltage Stabilization Plan

Contents of Draft Final ReportContents of Draft Final Report

 Chapter 1Chapter 1 IntroductionIntroduction

 Chapter 2Chapter 2 Laws and Regulations related to the Grid Operation in Laws and Regulations related to the Grid Operation in 
IndonesiaIndonesia

 Chapter 3Chapter 3 Current Voltage Control in Jakarta SystemCurrent Voltage Control in Jakarta System

 Chapter 4Chapter 4 Current Jakarta System Model and AnalysisCurrent Jakarta System Model and Analysis

 Chapter 5Chapter 5 Modeling and Analysis of Jakarta system in the Near Modeling and Analysis of Jakarta system in the Near 
Future (Year 2015)Future (Year 2015)

 Chapter 6Chapter 6 Analysis and Countermeasures of Voltage in the Analysis and Countermeasures of Voltage in the 
Future Jakarta System (in 2021)Future Jakarta System (in 2021)

 Chapter 7Chapter 7 Countermeasures against Low VoltageCountermeasures against Low Voltage

 Chapter 8Chapter 8 Impact of the Blackout in the Economic and Industrial Impact of the Blackout in the Economic and Industrial 
Activities in the Jakarta Metropolitan AreaActivities in the Jakarta Metropolitan Area

 Chapter 9Chapter 9 Technical and Economic Comparison of Technical and Economic Comparison of 
Implementation of Countermeasures against Voltage DropsImplementation of Countermeasures against Voltage Drops

 Chapter 10Chapter 10 RecommendationsRecommendations

RecommendationsRecommendations
--Installation of Shunt CapacitorsInstallation of Shunt Capacitors

 Selecting locations for shunt capacitors through Selecting locations for shunt capacitors through utilizingutilizing
power cablespower cables for spaces viewing the future system for spaces viewing the future system 
configurationconfiguration

 ConfirmingConfirming specifications of circuit breakersspecifications of circuit breakers

 Selecting shunt capacitors with Selecting shunt capacitors with high endurable performance high endurable performance 
for electric surgesfor electric surges

Incremental (Incremental (MVarMVar)) Total (Total (MVarMVar))

ExistingExisting 950950 950950

OnOn--goinggoing 475475 1,4251,425

PlannedPlanned 1,0701,070 2,4952,495

Recommended additional shunt capacitorsRecommended additional shunt capacitors

20152015 1,4451,445 3,9403,940

(HVDC)(HVDC) (1,800)(1,800) (5,740)(5,740)

20212021 315315 6,0556,055

P3B’s



RecommendationsRecommendations
--Voltage Control SchemeVoltage Control Scheme

 Change rulesChange rules to make P3B possible to decide to make P3B possible to decide tap positions tap positions 
of stepof step--up transformersup transformers including IPPincluding IPP

 Study the effects of replacing large generators Study the effects of replacing large generators AQR to AVRAQR to AVR
 for more contribution to voltage stability for more contribution to voltage stability 

 Apply local voltage/ reactive power control scheme (Apply local voltage/ reactive power control scheme (Local Local 
VQCVQC) with speedy voltage recovery against disturbances) with speedy voltage recovery against disturbances
 On/off switching of shunt reactors and tap changing On/off switching of shunt reactors and tap changing 

according to demand fluctuation will be further required due according to demand fluctuation will be further required due 
to increase in number of shunt capacitors. to increase in number of shunt capacitors. 

 Prerequisite for Centralized control scheme (Central VQC) or Prerequisite for Centralized control scheme (Central VQC) or 
PMUPMU

 Appropriate maintenance of online data and network dataAppropriate maintenance of online data and network data

 Achieving an accurate state estimation in EMSAchieving an accurate state estimation in EMS

 Completion of telecommunication facilities between a Completion of telecommunication facilities between a 
Control Center and power stations/ substationsControl Center and power stations/ substations

RecommendationsRecommendations
-- Data for System MonitoringData for System Monitoring

 Enhance network Enhance network data maintenance for SCADAdata maintenance for SCADA system on system on 
State Estimator and Security Analysis Function State Estimator and Security Analysis Function 

 State Estimator becomes not accurate while maintenance of State Estimator becomes not accurate while maintenance of 
network data is not sufficient. As a result, security analysis network data is not sufficient. As a result, security analysis 
does not work well. does not work well. 

 Parameters for the stepParameters for the step--up transformers and transmission up transformers and transmission 
lineslines

 SCADA online data seems to have some errors including SCADA online data seems to have some errors including 
missing data, error of positive/negative signs and the missing data, error of positive/negative signs and the 
multiplying factor. multiplying factor. 

 The maintenance of online data can offer more accurate state The maintenance of online data can offer more accurate state 
estimator results. estimator results. 

 P3B should allocate P3B should allocate more human resources and financial more human resources and financial 
resources to maintainresources to maintain networknetwork datadata and online data.and online data.

RecommendationsRecommendations
-- Management of Facility and Analysis DataManagement of Facility and Analysis Data

 Prepare a data bookPrepare a data book of facilities including of facilities including 
generators, transmission lines, transformers, the generators, transmission lines, transformers, the 
shunt reactor/capacitor, etcshunt reactor/capacitor, etc

 EstablishEstablish a worka work--flow for the appropriate flow for the appropriate 
maintenance of analysis datamaintenance of analysis data
 P3B Operation System Division should prepare a dataP3B Operation System Division should prepare a data

book of facilities in order to manage facility data book of facilities in order to manage facility data 
appropriately with Facility Management Division, appropriately with Facility Management Division, 
Protective Relay Division and System Planning Division Protective Relay Division and System Planning Division 

Transmission lines, transformers, shunt reactor / Transmission lines, transformers, shunt reactor / 
capacitor, etc. capacitor, etc. 

 P3B should establish a workP3B should establish a work--flow so that analysis data flow so that analysis data 
can be modified based on the actual parameters when can be modified based on the actual parameters when 
new and additional facilities start operations.new and additional facilities start operations.

RecommendationsRecommendations
-- Plan of Reactive Power Sources / Installation of Power Plan of Reactive Power Sources / Installation of Power 

Plants and Transmission Lines in around JakartaPlants and Transmission Lines in around Jakarta

 Carry out annual periodical planning of reactive Carry out annual periodical planning of reactive 
power sources and its review power sources and its review 

 Promote to install Promote to install generators directly connected generators directly connected 
to Jakarta metropolitan areato Jakarta metropolitan area

 InstallInstall 500 kV500 kV T/LT/L MuaraMuara TawarTawar-- PriokPriok--MuaraMuara
KarangKarang-- DuriDuri KosambiKosambi, and 500 kV substations , and 500 kV substations 
located on its route, 500 kV located on its route, 500 kV DuriDuri KosambiKosambi --
KembanganKembangan–– BalarajaBalaraja
 They have a large impact on voltage maintenance. They have a large impact on voltage maintenance. 



Menus of CountermeasuresMenus of Countermeasures

AA In addition to the existing and planed shunt capacitors in In addition to the existing and planed shunt capacitors in 
Java Bali system, the following shunt capacitors are to be Java Bali system, the following shunt capacitors are to be 
installed:installed:

・・By 2015, 1,445 By 2015, 1,445 MVarMVar in Java system (Total in 2015: in Java system (Total in 2015: 
3,9403,940 MVarMVar))

・・By 2021, Total: 6,055 By 2021, Total: 6,055 MVarMVar in Java system (Incremental in Java system (Incremental 
amount from 2015 is 315 amount from 2015 is 315 MVarMVar excluding 1,800 excluding 1,800 MVarMVar forfor
JavaJava--Sumatra 3,000 MW HVDC transmission line)Sumatra 3,000 MW HVDC transmission line)

BB Installation of Local VQC in addition to the Installation of Local VQC in addition to the 
countermeasure Acountermeasure A

CC Installation of Central VQC in addition to the Installation of Central VQC in addition to the 
countermeasure Acountermeasure A

Rough Cost Estimation of MenusRough Cost Estimation of Menus

MenusMenus AA BB CC

ShuntShunt
CapacitorsCapacitors

38.0 million 38.0 million 
USD in 2015USD in 2015

8.2 million 8.2 million 
USD in 2021USD in 2021

38.0 million USD in 38.0 million USD in 
20152015

8.2 million USD in 8.2 million USD in 
20212021

38.0 million USD in 38.0 million USD in 
20152015

8.2 million USD in 8.2 million USD in 
20212021

VQCVQC Local VQCLocal VQC

34.1 million USD34.1 million USD

Central VQC Central VQC 

2.19 million USD2.19 million USD

TotalTotal 46.2 million 46.2 million 
USDUSD

80.3 million USD 80.3 million USD 48.39 million USD 48.39 million USD 

Technical Comparison among MenusTechnical Comparison among Menus

A (Capacitors)A (Capacitors) B (+ Local VQC)B (+ Local VQC) C (+ Central VQC)C (+ Central VQC)

InstallatiInstallati 
onon

RequirerngRequirerng telecommunicationtelecommunication
JCCJCC--ACC ACC 

OperationOperation Operators have Operators have 
to control to control 
manually.manually.

SystemSystem
complicationcomplication
increasesincreases
operationoperation
works.works.

Quality of Quality of 
voltage or voltage or 
regulationregulation
response might response might 
be late be late 
depending on depending on 
operatorsoperators
experience.experience.

VQC can respond VQC can respond 
quickly to large quickly to large 
disturbance.disturbance.

Setting values for Setting values for 
substations/substations/
power station has power station has 
to be determined to be determined 
in coordination in coordination 
with each other.with each other.

Recovery from voltage fluctuation Recovery from voltage fluctuation 
in large disturbance takes a in large disturbance takes a 
certain extent of time (Control certain extent of time (Control 
interval 30 sec. to 2 minutes).interval 30 sec. to 2 minutes).

Setting values for substations/ Setting values for substations/ 
power station has to be power station has to be 
determined in coordination with determined in coordination with 
each other.each other.

Possible to control considering of Possible to control considering of 
minimization of active power loss.minimization of active power loss.

Requiring central control state Requiring central control state 
estimation has to be converged. estimation has to be converged. 

Deficiency of Deficiency of telemeteringtelemetering oror
input data may cause inadequate input data may cause inadequate 
control.control.

Benefits obtained by Improvement of VoltageBenefits obtained by Improvement of Voltage

 Normal operation of power system userNormal operation of power system user’’s electric machines s electric machines 
and power generators and securing their long life time and power generators and securing their long life time 

 Avoiding a blackAvoiding a black--out caused by voltage collapseout caused by voltage collapse

 Transmission line loss reductionTransmission line loss reduction

 Only loss reduction is quantitatively evaluatedOnly loss reduction is quantitatively evaluated

 135 million USD saved by loss reduction135 million USD saved by loss reduction
 Evaluation period 15 years from 2015 Evaluation period 15 years from 2015 

 Transmission line loss reduction : 84 MW at peak in 2015Transmission line loss reduction : 84 MW at peak in 2015
 Load Factor: 70%Load Factor: 70%

 Loss Factor: 0.52Loss Factor: 0.52

 Discount rate: 10%Discount rate: 10%

 0.06 USD/kWh0.06 USD/kWh





JICA JICA 
The Study on Power Supply Reliability The Study on Power Supply Reliability 

Improvement in JakartaImprovement in Jakarta

-- Study of the System of 2012 Study of the System of 2012 --

Final WorkshopFinal Workshop

1818thth Apr. 2013Apr. 2013

Tokyo Electric Power Company Inc.Tokyo Electric Power Company Inc.

Nippon Koei Co., LTDNippon Koei Co., LTD

AgendaAgenda

 Review the Current Status of Voltage OperationReview the Current Status of Voltage Operation
 Voltage drop situationVoltage drop situation

 Possible causesPossible causes

 Current countermeasuresCurrent countermeasures

 Assess the Margin to critical statusAssess the Margin to critical status
 ModelingModeling

 PV Curve analysisPV Curve analysis

 FindingFinding

Part 1: Review Current Status Part 1: Review Current Status 
of Voltage Operationof Voltage Operation

ObjectiveObjective

 To review the current situation of voltage To review the current situation of voltage 
operation of Java Bali System.operation of Java Bali System.

 To review the current countermeasures against To review the current countermeasures against 
lowlow--voltage issue.voltage issue.
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Review Current Status of Voltage Operation (1)Review Current Status of Voltage Operation (1)

 Geographical phase: Lower in the Geographical phase: Lower in the west sidewest side of the Java Bali of the Java Bali 
SystemSystem

REGION 1 REGION 3 REGION 4REGION 2

  

Not satisfy voltage criteria 

Review Current Status of Voltage Operation (2)Review Current Status of Voltage Operation (2)

 Time phase: Lowest in the Time phase: Lowest in the afternoonafternoon..

Kembangan 500/150 kV Substation [Oct. 17, 2012]
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Not satisfy voltage criteria 

Possible Causes of Voltage DropPossible Causes of Voltage Drop

a.a. Heavy Loading of Transmission Lines and TransformersHeavy Loading of Transmission Lines and Transformers
More than 80%More than 80%--loaded transformers in loaded transformers in Region1Region1..

Correlation between Demand and Voltage in Region 1.Correlation between Demand and Voltage in Region 1.

b.b. Load of Low Power FactorLoad of Low Power Factor
Weak correlation between voltage and power factor of load by Weak correlation between voltage and power factor of load by 
Region 1Region 1’’s subsystem.s subsystem.

c.c. Lack of Reactive Power SupplierLack of Reactive Power Supplier
Shortage of shunt capacitors at substations.Shortage of shunt capacitors at substations.

d.d. Insufficient voltage controlInsufficient voltage control
Operated at the limit: [1] Tap at substations, [2] Q supply at pOperated at the limit: [1] Tap at substations, [2] Q supply at power ower 
stations.stations.

Manual (phone) dispatch command: tap position change at Manual (phone) dispatch command: tap position change at 
substations (excl. 150/20 kV Tr.), Q supply at power stations. substations (excl. 150/20 kV Tr.), Q supply at power stations. 

Little coordination on voltage control between substations and Little coordination on voltage control between substations and 
power stations.power stations.

CAUSE: a. Heavy Loading of Transmission Lines and CAUSE: a. Heavy Loading of Transmission Lines and 
TransformersTransformers

 Majority of transformers are heavily loaded.Majority of transformers are heavily loaded.

 Clear correlation between Voltage drop and Demand in Clear correlation between Voltage drop and Demand in 
Region 1.Region 1.

25,75025,7505353308,876308,876607607TotalTotal

1,0001,0002232032066100&<100&<

14,50014,500303011,89411,89422922980%<<100%80%<<100%

6,0006,00012129,7279,72719719760%<<80%60%<<80%

3,5003,500775,8395,83911711740%<<60%40%<<60%

250250112,4302,430444420%<<40%20%<<40%

5005001166666614140<<20%0<<20%

MVAMVAUnitUnitMVAMVAUnitUnit

500/150kV500/150kV150/20V150/20VLoading during Loading during 
peak timepeak time

Performance of Transformers of Java 
Bali System (2012) Hourly shift of Voltage and Demand of 

Region 1 (Oct. 17, 2012)

Demand and Voltage [Oct.17,2012]
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CAUSE: b. Load of Low Power FactorCAUSE: b. Load of Low Power Factor

9494168168468468Region 5Region 5
95955,5835,58317,87717,877TotalTotal

94941,1351,1353,0813,081Region 4Region 4
92921,0371,0372,4632,463Region 3Region 3
95951,2471,2473,6863,686Region 2Region 2
97971,9961,9968,1788,178Region 1Region 1

p.fp.f. [%]. [%]Q [Mvar]Q [Mvar]P [MW]P [MW]RegionRegion

9797TotalTotal
0.880.880.900.909595CibinongCibinong
0.910.910.880.889393CawangCawang
0.870.870.880.889999BekasiBekasi
0.870.870.900.909999DepokDepok
0.870.870.890.899999GandulGandul
0.850.850.890.899595KembanganKembangan
0.810.810.880.889494BalarajaBalaraja
0.930.930.940.949999CilegonCilegon
0.930.930.940.947171SuralayaSuralaya

150kV150kV
[[p.up.u]]

500kV500kV
[[p.up.u.].]

p.fp.f. . 
[%][%]

SubsystemSubsystem

 Weak correlationWeak correlation between between 
voltage and power factor of voltage and power factor of 
load.load.

TotalTotal
0.970.970.960.969191TasikbaruTasikbaru
0.950.950.920.929393MandirancanMandirancan
0.990.990.910.919393Bandung Bandung SeltanSeltan
0.990.990.890.899797CirataCirata
0.930.930.880.889696CibatuCibatu

150kV150kV
[[p.up.u]]

500kV500kV
[[p.up.u.].]

p.fp.f. . 
[%][%]

SubsystemSubsystem

REGION 1 REGION 2

TOTAL

:strongly correlated.
:weakly correlated.

CAUSE: c. Lack of Reactive Power Supplier CAUSE: c. Lack of Reactive Power Supplier 

 Q balance and low voltage correlate well by subsystem.Q balance and low voltage correlate well by subsystem.
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CAUSE: d. Insufficient Voltage ControlCAUSE: d. Insufficient Voltage Control

 Almost Almost upper limitupper limit: Supplied reactive power from power : Supplied reactive power from power 
plantsplants

 Operated almost Operated almost at the limitat the limit: Tap position at substations.: Tap position at substations.

 Kembangan SS [Oct. 17 , 2012]
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Summary: Possible causesSummary: Possible causes

 Current lowCurrent low--voltage issue is mainly caused by,voltage issue is mainly caused by,
 Heavily loaded transformers during Jakarta peak time,Heavily loaded transformers during Jakarta peak time,

 Shortage of reactive power suppliers, andShortage of reactive power suppliers, and

 Similarly, limit of voltage control employing current Similarly, limit of voltage control employing current 
measures.measures.



Current CountermeasuresCurrent Countermeasures

a.a. Heavy Loading of Transmission Lines and TransformersHeavy Loading of Transmission Lines and Transformers
=> Short Term: Request to power stations to lower their output (=> Short Term: Request to power stations to lower their output (e.g. TJJ e.g. TJJ 

B PS, B PS, PaitonPaiton PS).PS).
=> Long Term: Expand the capacity at substations.=> Long Term: Expand the capacity at substations.

b.b. Load of Low Power FactorLoad of Low Power Factor
=> Penalty paid by customers for not satisfying the aimed power => Penalty paid by customers for not satisfying the aimed power factor factor 

of 0.85. of 0.85. 

c.c. Lack of Reactive Power SupplierLack of Reactive Power Supplier
=> => Substations: The project to place shunt capacitors is under way.Substations: The project to place shunt capacitors is under way.

=> Power stations: Discussion needs to be held between P3B JB an=> Power stations: Discussion needs to be held between P3B JB and d 
generation companies regarding the shift of tap positions of stegeneration companies regarding the shift of tap positions of stepp--up up 
transformers. transformers. 

d.d. Insufficient voltage controlInsufficient voltage control
=> Due to the limit of current facilities, few good measures.=> Due to the limit of current facilities, few good measures.

=> In future after installing more shunt capacitors, the activit=> In future after installing more shunt capacitors, the activity of y of 
connecting/ disconnecting connecting/ disconnecting SCsSCs will be need to be implemented will be need to be implemented 
automatically.automatically.

Project to place shunt capacitors (Region 1)Project to place shunt capacitors (Region 1)
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The project is on the right track.

Part 2: Margin to critical statusPart 2: Margin to critical status

OverviewOverview

 ObjectiveObjective

Assess how much margin is left for the current Java Bali Assess how much margin is left for the current Java Bali 
System before reaching widespread blackout triggered System before reaching widespread blackout triggered 
by voltage collapse.by voltage collapse.

 MethodologyMethodology

1.1. Employ the power system model emulating the current Employ the power system model emulating the current 
Java Bali system. Java Bali system. 

2.2. Conduct PV curve analysis under Jakarta peak demand Conduct PV curve analysis under Jakarta peak demand 
in 2012 to examine the voltage stability and to in 2012 to examine the voltage stability and to 
calculate the upper limit of the power transfer to calculate the upper limit of the power transfer to 
Jakarta metropolitan area limited by voltage stability. Jakarta metropolitan area limited by voltage stability. 



Modeling (1)Modeling (1)

 APPROACHAPPROACH

 Utilized the P3BUtilized the P3B’’s PSS/E s PSS/E 
model.model.

 Dataset: Updated the Dataset: Updated the 
values with actual values values with actual values 
as of the peak time based as of the peak time based 
on the survey.on the survey.

 OBJECTIVE: Emulate the OBJECTIVE: Emulate the 
condition recording the condition recording the 
lowest voltage lowest voltage –– during during 
Jakarta Peak timeJakarta Peak time (Oct. (Oct. 
17, 2012, 14:30).17, 2012, 14:30).
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Model

Modeling (2)Modeling (2)
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Connection pointsConnection pointsNetwork Network 
topologytopology

PSS/E data.PSS/E data.
DigSilentDigSilent..

CapacityCapacity
ReactanceReactance
Winding ratioWinding ratio

TransformerTransformer

PSS/E data.PSS/E data.
DigSilentDigSilent..

Line constantsLine constants
DistanceDistance

Transmission Transmission 
lineline

SCADA data.SCADA data.Active powerActive power
Reactive powerReactive power

LoadLoad

SCADA data.SCADA data.
Operation Operation 
record.record.

Active powerActive power
Reactive powerReactive power
Terminal voltageTerminal voltage

GeneratorGenerator
SourceSourceInput itemInput itemComponentComponent

Data updateData update
Entered actual values.Entered actual values.

Adjusted values to emulate Adjusted values to emulate 
the voltage status.the voltage status. SCADA data

P3B study on SC

Operation record

Modeling (3)Modeling (3)

 ResultResult
 System voltage within +/System voltage within +/--

1 % of actual record in 1 % of actual record in 
Region 1.Region 1.

 Power flow (500 kV) of major Power flow (500 kV) of major 
sections within 10% range of sections within 10% range of 
actual value.actual value.
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Cawang SS

Suralaya TPP 

Cilegon SS 

Balaraja SS 

Kembangan SS 

Depok SS

Gandul SS

Cibinong SS

Bekasi SS

Muara Tawa

Tasikmala
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Blue: Calculated values

Red: Actual record Power flow of Region 1 Voltage of Region 1 (150kV)

Voltage of Java Bali System (500kV)

Red: record, Blue: model.

Red: record, 
Blue: model.

The model is confirmed to be valid.The model is confirmed to be valid.

PV Curve AnalysisPV Curve Analysis
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 In Theory,In Theory,

 PV curvePV curve was drawn by simulating the increase in the load of was drawn by simulating the increase in the load of 
Jakarta (load of Region1) from its peak power demand. In this Jakarta (load of Region1) from its peak power demand. In this 
case, the upper limit of Jakarta power demand was taken as an case, the upper limit of Jakarta power demand was taken as an 
evaluating value by increasing the power outputs of the evaluating value by increasing the power outputs of the 
generators that are located in the region other than Jakarta generators that are located in the region other than Jakarta 
area (Region 2, 3, 4, 5) among the operating generators.area (Region 2, 3, 4, 5) among the operating generators.

Region 2 to 4

Region 1

Analyzed system
Image of PV Curve

Increase 
demand

Increase 
generation output

Operation  
LIMIT

Current 
operation
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PV Curve of Region 1 [Oct. 17, 2012]
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Assessment of Margin to Critical StatusAssessment of Margin to Critical Status

 ResultResult
 Normal time: 538MW margin is secured.Normal time: 538MW margin is secured.

 NN--1: 131 MW margin is estimated.1: 131 MW margin is estimated.

Current Operation

PV Curve of Region 1 [Oct. 17, 2012]

Normal:538MW

N-1:131MW

Assessment of Margin to Critical StatusAssessment of Margin to Critical Status

 FindingFinding
 In case of NIn case of N--1 at the 500 kV line between 1 at the 500 kV line between R3R3 and R2 could cause and R2 could cause 

the most critical situation to Jakarta Metropolitan Area, leavinthe most critical situation to Jakarta Metropolitan Area, leaving g 
only 1% of Jakartaonly 1% of Jakarta’’s peak demand as demand margin.=>s peak demand as demand margin.=>Urgent Urgent 
countermeasure is preferred.countermeasure is preferred.
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ConclusionConclusion

 While Jakarta and the surrounding regions suffer While Jakarta and the surrounding regions suffer 
lowlow--voltage issue, its countermeasure voltage issue, its countermeasure –– placing placing 
shunt capacitors shunt capacitors –– is now on right track: is now on right track: 
immediate & efficient effect is expected.immediate & efficient effect is expected.

 Until the completion of the countermeasure, Until the completion of the countermeasure, 
however, it is recommended to pay attention to however, it is recommended to pay attention to 
the whole system in case of Nthe whole system in case of N--1 condition, during 1 condition, during 
daily operation of Java Bali system.daily operation of Java Bali system.
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ContentsContents

 Estimation of reactive power load based on measured Estimation of reactive power load based on measured 
P&Q valuesP&Q values

 Study on required amount of additional shunt capacitors Study on required amount of additional shunt capacitors 
for west Java area in 2015for west Java area in 2015

 Examination of the effect of additional shunt capacitors Examination of the effect of additional shunt capacitors 
on system voltage, voltage stability and transmission on system voltage, voltage stability and transmission 
lossloss

 Study on system voltage under offStudy on system voltage under off--peak demand with peak demand with 
additional shunt capacitorsadditional shunt capacitors
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Estimation of Reactive Power Load Estimation of Reactive Power Load 

y = 0.0015x2 + 0.4058x ‐ 7.7827

R2 = 0.9963
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KARET5B     150.00
P‐Q corelation equation

For the voltage analysis, it is important to precisely estimate the reactive 
power load. In this study, a quadratic regression analysis was performed 
using the P&Q values measured at 17th October 2012.

Example of P‐Q correlation equation (KARET5B)  
3

Estimation of Reactive Power Load Estimation of Reactive Power Load 

 

][)( 0
22 MVarPqpxQ tloss 

QQQ lossload 

][)( 0
22 MVarPqpxQ tloss 

(Assuming that V=1.0 pu)

In consideration of reactive power 
loss through transformer, reactive 
power is corrected using calculation 
below.

P‐Q correlation equations were calculated using 
quadratic equations, linear equations or constant 
power factor based on a flow chart and the 
calculated constant terms. (a and b)
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Condition of Analysis for Condition of Analysis for 
Required Amount of Additional Shunt Capacitors in 2015 (1)Required Amount of Additional Shunt Capacitors in 2015 (1)

Maximum output Geothermal

Output is set based on actual record on 17 Oct 2012. Following reservoir 
type hydro power plants were set based on information from P3B:

• Cirata: 2×98 MW

• Saguling: 2×147 MW

• Jatiluhur: 2×15 MW 

Hydro

Minimum outputOil 

Output is adjusted for demand‐supply balanceLNG

Output is adjusted for demand‐supply balance Gas

Maximum outputCoal

SettingFuel type

Total Load in Each Region under Jakarta Peak Demand in 2015 

6254,9643,1436,0529,86924,653Jakarta peak at 13:00

Region 5Region 4Region 3Region 2Region 1Total

Generation Dispatching Scenario under Jakarta Peak Demand in 2015
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Condition of Analysis for Condition of Analysis for 
Required Amount of Additional Shunt Capacitors in 2015 (2) Required Amount of Additional Shunt Capacitors in 2015 (2) 

800 Total 

100250

2002100
500 Region 4 

2002100500Region 3

2002100500Region 2

1001100500Region 1

CapacityCapacity

[[MVarMVar]]

No. of No. of 

unitsunits

Unit Unit 

sizesize

[[MVarMVar]]

VoltageVoltage

[kV][kV]
AreaArea

7071070
175725150

2501025150

Region 4

75325150Region 3

50225150
2021070

3751525150
1011070
220112020

2,495Total 

50510150

100250150
Region 2

1,1002250150

Region 1

CapacityCapacity

[[MVarMVar]]

No. of No. of 

unitsunits

UnitUnit sizesize

[[MVarMVar]]

VoltageVoltage

[kV][kV]
AreaArea

Shunt reactors and shunt capacitors shown in tables below were assumed to be in‐service 
in 2015. These tables were made based on P3B:”Program Peningkatan Kuakitas Tegangan”
and analysis data (Digsilent data) received from P3B operation system division.

In‐service Shunt Reactor in 2015In service Shunt Capacitor in 2015
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Condition of Analysis for Condition of Analysis for 
Required Amount of Additional Shunt Capacitors in 2015 (3)  Required Amount of Additional Shunt Capacitors in 2015 (3)  

Voltage Criteria under Normal and Contingency Condition

90% ‐ 105%20 kV

90% ‐ 105%70 kV

90% ‐ 105%150 kV

95% ‐ 105%500 kV

Normal conditionNominal voltage

Unit size of Additional Shunt Capacitor

101070 kV70 kV

2525150 kV

Unit size [Unit size [MVarMVar]]Nominal voltageNominal voltage

 As for Region 1 and Region 2 including Jakarta area, required amount of additional 
shunt capacitors were studied in order to satisfy the voltage criteria under normal and 
N‐1 contingencies.

 As for Region 3, 4 and 5, required amount of additional shunt capacitors were studied 
in order to satisfy the voltage criteria only under normal condition since Region 3, 4 and 
5 are outside the scope of this study.

 Unit sizes of shunt capacitor shown in the table below were applied based on the unit 
sizes of existing minimum shunt capacitors for each nominal voltage.

 Further study of unit size selection is recommended in consideration of acceptable 
voltage deviation.

Source: “PLN PLANNING AND OPERATION CRITERIA”
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Required Amount of Additional Shunt Capacitors in 2015 Required Amount of Additional Shunt Capacitors in 2015 

90

175

25

210

700

70

175

SubtSubtotalotal

[[MVarMVar]]

91070
265

725150
Region 4

910
2825150

Region 2

25125150Region 3

70

70

150

kVkV

10

10

25

Unit sizeUnit size

[[MVarMVar]]

21

7

7

No. of No. of 

unitsunits

1,445Grand total

245Region 1

TotalTotal

[[MVarMVar]]
AreaArea

The list of required additional shunt capacitors for each Region under Jakarta 
peak demand in 2015 are shown below.
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Voltage Profile of 500kV System in 2015 Voltage Profile of 500kV System in 2015 
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 Without additional shunt capacitors

With additional shunt capacitors

 System voltage is improved by additional shunt capacitors. 
 All the 500kV system voltage with additional shunt capacitors satisfy the 

voltage criteria.

 In the case of no additional shunt capacitors, 500kV system voltages around 
Region 1 and Region 2 do not satisfy the voltage criteria.

Not satisfy voltage criteria 

9

System Voltage at 150kV Network System Voltage at 150kV Network 
with and without Additional Shunt Capacitors with and without Additional Shunt Capacitors 

 For example, parts of the system voltages in Cibatu 150kV subsystem with or 
without additional shunt capacitors are shown below.

 The system voltages without additional shunt capacitors fall below 0.90pu 
and those with additional shunt capacitors are maintained above 0.90pu.

145.80.9720128.10.8538PDKLP5B15121

145.70.9712129.50.8631SMTRCKRG525905
145.70.9712129.50.8631ALIQCKRG525904

145.70.9712129.80.8656GNRJP525903

146.40.9763132.00.8803CLIPO525134

140.60.9370128.80.8586TLJMB525096

146.00.9735128.40.8557PNCOL525074

146.10.9743130.60.8705LSTDO525058

145.80.9718129.70.8648GDMKR525034

146.10.9738130.50.8697CIKRG5B25017

147.50.9832134.80.8987CBATU5B25009

Voltage[kV]Voltage [pu]Voltage[kV]Voltage [pu]

With additional 
shunt capacitors

Without additional 
shunt capacitorsBus 

Name
Bus 

Number

Not satisfy voltage criteria  Satisfy voltage criteria 
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Reactive Power Balance in Each Region Reactive Power Balance in Each Region 
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With
additional 
shunt 

capacitors

Without 
additional 
shunt 

capacitors

 Reactive power flows between Region 1 and Region 2 and between Region 2 and 
Region 3 are reduced since the reactive power balance in Region 2 was improved due 
to the additional shunt capacitors.

Reactive power balance is improved 

Reactive 
power flow 
is reduced

Gen

Shunt Capacitor
Shunt Reactor

Charging

Load

Loss

P

Q [ＭＶａｒ]

[MW]
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Condition of PV Analysis Condition of PV Analysis 

Scenario 1 Scenario 2

Receiving Area

(Region 1)

Sending Area

(Region 2,3,4,5)

Power Transfer

Transmission lines

Receiving Area

(Region 1,2)

Sending Area

(Region 3,4,5)

Power Transfer

Transmission lines

(Receiving Area)
Increase in the load of Jakarta (load of 
Region1) from its peak power demand. 

(Receiving Area)
Increase in the load of west Java (loads 
of Region1 and 2) from its peak power 
demand. 

(Sending Area)
Increasing the outputs of the 
generators located in the region other 
than Jakarta area. (Region 2, 3, 4, 5) 

(Sending Area)
Increasing the outputs of the 
generators located in the region other 
than west Java area. (Region 3, 4, 5)
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PV Curves under Normal Condition PV Curves under Normal Condition 
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< Scenario 1 >  < Scenario 2 >

980MW
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10,099MW

980MW

11,079MW
10,099MW

650MW

16,721MW
16,071MW

650MW

16,721MW
16,071MW

Scenario 2 is considered to be more severe condition than Scenario 1 since the 
incremental power transfer in Scenario 2 is smaller than that in Scenario 1. 

13

Upper limits of Power Demand under NUpper limits of Power Demand under N--1 Contingencies 1 Contingencies 
in 500kV Transmission line (Scenario 1)in 500kV Transmission line (Scenario 1)
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Severe contingencies

Limits of power demand without 
additional shunt capacitors 
under N‐1 contingencies 
indicated by green circle are 
lower than the estimated 
Jakarta peak demand in 2015.

Upper limits of power demand
are increased due to 
additional shunt capacitors 
and achieved estimated 
Jakarta peak demand in 2015 
under all N‐1 contingencies in 
500kV transmission lines. 
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Upper limits of Power Demand under NUpper limits of Power Demand under N--1 Contingencies 1 Contingencies 
in 500kV Transmission line (Scenario 2) in 500kV Transmission line (Scenario 2) 

Severe contingencies

Limits of power demand without 
additional shunt capacitors 
under N‐1 contingencies 
indicated by green circle are 
lower than the estimated 
Jakarta peak demand in 2015.

Upper limits of power demand
are increased due to additional 
shunt capacitors and achieved 
estimated Jakarta peak demand
in 2015 under all N‐1 
contingencies in 500kV 
transmission lines. 
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Severe Cases among NSevere Cases among N--1 Contingencies 1 Contingencies 
without Additional Shunt Capacitors without Additional Shunt Capacitors 

15,8619,869PemalangUngaran

15,8719,879RawaloTasikmalaya

15,8219,819PemalangMandirancan

15,8219,799TasikmalayaBandung selatan

15,8619,859TasikmalayaDepok

15,9319,969

15,9219,869

CilegonCibinong

Total load 
in Region 1&2

Total load 
in Region 1

Scenario 2Scenario 1Total load
In Region

1&2

Total load
In Region 

1

Transfer limit [MW]
Jakarta Peak demand 

in 2015 [MW]

ToFrom

It was confirmed that the limits of power demand under N‐1 contingencies 
in above transmission lines were not achieve the demand estimated for 
Jakarta peak in 2015 in the case of no additional shunt capacitors.
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Voltage Stability Limit and Interconnection Power Flow Voltage Stability Limit and Interconnection Power Flow 

Region 4Region 312
Region 4Region 211
Region 3Region 210
Region 4Region 19
Region 3Region 18

Reduced 
by 300MW

Region 2

Increased 
by 300MW

Region 17
Region 4Region 36
Region 4Region 25
Region 3Region 24
Region 4Region 13
Region 3Region 12

Increased 
by 300MW

Region 2

Reduced 
by 300MW

Region 11

Generator
output

Area
Generator
output

Area

Generation dispatch at initial condition
PatternPattern

Different Pattern of Generator Dispatching under the Initial Condition

(Objective)
To examine the relationship between voltage stability limits and interconnection power flow
(Methodology)
Interconnection power flows under the initial condition and in the process of PV analysis
were changed by different generation dispatching patterns and different load increasing 
scenarios.

Area  2Area  2

Area 3Area 3Area 3Area 3

Area 4Area 4Area 4Area 4

BALI

Area 5Area 5

BALI

Area 5Area 5

Area 1Area 1Area 1Area 1Area 1Area 1
Region 1

Region 2
Region 3

Region 4

Taking Patten 1 for the example, 
Outputs of generators 
in Region 1 were 
reduced by 300MW, 
totally. 

Outputs of generators in 
Region 2 was increased 
by 300MW,totally. 

Interconnection power flow from Region 2 to 
Region 1 was increased by 300MW. 
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Voltage Stability Limit and Interconnection Power Flow Voltage Stability Limit and Interconnection Power Flow 

Scenarios for Increase in Load and Generation Output in the Process of PV Analysis

 PV analysis performed under 39 cases with a combination of 13 patterns (base 
pattern and 12 patterns shown in the previous slide) and above 3 scenarios.

Receiving Area

(Region 1)

Sending Area

(Region 2,3,4,5)

Power Transfer

Transmission lines

Receiving Area

(Region 1,2)

Sending Area

(Region 3,4,5)

Power Transfer

Transmission lines

Receiving Area

(Region 1,2,3)

Sending Area

(Region 4,5)

Power Transfer

Transmission lines

Scenario 1 Scenario 2 Scenario 3(for comparison)
(Receiving Area)
Increase in the load of Jakarta (load 
of Region1) from its peak power 
demand. 

(Sending Area)
Increasing the outputs of the 
generators located in Region 2, 3, 4, 
5

(Receiving Area)
Increase in the load of west Java 
(load of Region1&2) from its peak 
power demand. 

(Sending Area)
Increasing the outputs of the 
generators located in Region 3, 4, 5

(Receiving Area)
Increase in the load Region1, 2 &3
from its peak power demand. 

(Sending Area)
Increasing the outputs of the 
generators located in Region 4, 5
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Interconnection Power Flow between Each Region

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 5 10 15 20 25 30 35 40

Case

P
ow

er
 f

lo
w

[M
W

]

From Region 2 to Region 1

From Regeion 3 to Region 2

From Region 4 to Region 3

Voltage Stability Limit and Interconnection Power Flow Voltage Stability Limit and Interconnection Power Flow 

Horizontal axis of the figure shows 39 cases 
with a combination of 13 patterns and 3 
scenarios.

 Power flows between Region 2 and Region 3 at the voltage stability limits fall within a 
certain range. On the other hand, power flows between Region 1 and Region 2 and 
those between Region 3 and Region 4 show large variations. 

 Interconnection power flows between Region 2 and Region 3 show correlation with 
voltage stability limits. 

 Consequently, monitoring power flow between Region 2 and Region 3 is considered to 
be effective for monitoring voltage stability. 

Increasing loads 
in Region 1

Increasing loads 
in Region 1&2

Increasing loads 
in Region 1, 2&3

Power flows between Region 2 and Region 3
at the voltage stability limits fall within a 
certain range. 

power flows between Region 1 and Region 2
and those between Region 3 and Region 4
show large variations.

19

Transmission Loss Reduction due to Additional Shunt Capacitors Transmission Loss Reduction due to Additional Shunt Capacitors 

84.01,445Difference

632.93,940
With additional 
shunt capacitors

716.92,495
Without additional 
shunt capacitors

Transmission 
Losses
[MW]

Amount of in‐service 
shunt capacitors

[MVar]

Total transmission losses in Java‐Bali system modeled in PSS/E file (including 500kV, 150kV 
and 70kV networks) were calculated. 
Transmission loss is reduced due to installation of additional shunt capacitors since system 
voltages are maintained at higher voltages and power factor are improved.

Transmission loss in Java‐Bali system with and without additional shunt capacitors at 
Jakarta peak demand in 2015
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Condition of Study on System Voltage Condition of Study on System Voltage 
under Offunder Off--peak Demandpeak Demand

22.7%14.0%21.2%42.1%100%Off peak at 3:00

Region 4&5Region 3Region 2Region 1Total

494 3,922 2,724 4,124 8,190 19,454Off peak at 3:00

Region 5Region 4Region 3Region 2Region 1Total

Maximum outputGeothermal

Output is set based on actual record on 17 Oct 2012.
Following reservoir type hydro power plants were set based on information from P3B:
Cirata: 1×50 MW,  Saguling: 1×60 MW,  Jatiluhur: 1×19 MW

Hydro

Minimum outputOil 

Minimum outputLNG

Minimum outputGas

Output is adjusted for demand‐supply balanceCoal

SettingFuel type

Generation Dispatching Scenario under Off‐ peak Demand in 2015 

Active Power Load in Each Region under Off‐peak Demand [MW] 

Percentage of Load in each Region under Off‐peak Demand 

Percentage of off‐peak load (at 3:00) against Java‐Bali peak load (19:00) is assumed to be 73%.
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System Voltage under OffSystem Voltage under Off--peak Demandpeak Demand
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DEPOK

CWANG
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MTWAR
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CRATA
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TASIK
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TMBUN

DUKSB

CSKAN PMLANG

RWALO

CLCAP

BNTUL BNGIL

 Under off-peak demand 

Under Jakarta peak demand 

500kV system voltages under off‐peak demand are maintained appropriately, 
even if all additional shunt capacitors are in‐service.

Voltage Profile at 500kV System under Jakarta Peak Demand and Off‐peak Demand
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System Voltage under OffSystem Voltage under Off--peak Demandpeak Demand

28017Total

110111070

25125150
Region 2

2021070

25125

100250
150

Region 1

Total
No. of
units

Unit size
[MVar]

kVArea

Shunt capacitors are necessary to be switched on to meet the increasing 
demand in the morning and to be switched off after peak demand.

 Some voltages at 150kV and 70kV system exceed the acceptable range from 
0.90pu to 1.05pu under normal or N‐1 contingencies. 

 In Jakarta and Java‐Bali peak season in 2015, it is expected that the switching 
operations of amount of shunt capacitors shown in below table are 
necessary to maintain the system voltage appropriately. 
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System Diagram in JavaSystem Diagram in Java--Bali SystemBali System

TOPOLOGI JARINGAN JAWA BALI
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Study of the System of 2021Study of the System of 2021

The WorkshopThe Workshop 
onon

The Study on Power Supply Reliability Improvement The Study on Power Supply Reliability Improvement 
in Jakartain Jakarta

JakartaJakarta, April 18, 2013, April 18, 2013

PT.PLN (PT.PLN (PerseroPersero))

Japan International Cooperation Agency (JICA)Japan International Cooperation Agency (JICA)

Tokyo Electric Power Company Inc.Tokyo Electric Power Company Inc.

Nippon Koei Co., LTDNippon Koei Co., LTD

ActiveActive Load and Load and Generator Output SettingsGenerator Output Settings

Fuel typeFuel type SettingSettingss

CoalCoal Maximum output, if possible. Otherwise, Adjusted to the demand.Maximum output, if possible. Otherwise, Adjusted to the demand.

GasGas Output is adjusted for demandOutput is adjusted for demand--supply balance supply balance 

LNGLNG Output is adjusted for demandOutput is adjusted for demand--supply balancesupply balance

OilOil Minimum outputMinimum output

HydroHydro

Output is set based on actual record on 17 Oct 2012.Output is set based on actual record on 17 Oct 2012.
Following reservoir type hydro power plants were set based on Following reservoir type hydro power plants were set based on 

information from P3B:information from P3B:
CirataCirata: 2: 2××98 MW98 MW
SagulingSaguling: 2: 2××147 MW147 MW
JatiluhurJatiluhur: 2: 2××15 MW15 MW

GeothermalGeothermal Maximum outputMaximum output

9359357,2177,21744,,8128129,0629,06214,67414,67436,70036,700

Region 5Region 5Region 4Region 4Region 3Region 3Region 2Region 2Region 1Region 1TotalTotal
JJakarta akarta PPeak at 13:00eak at 13:00

9359357,2177,21744,,8128129,0629,06214,67414,67436,70036,700

Region 5Region 5Region 4Region 4Region 3Region 3Region 2Region 2Region 1Region 1TotalTotal
JJakarta akarta PPeak at 13:00eak at 13:00

Additional Shunt Capacitors in 2021Additional Shunt Capacitors in 2021

Type ofType of 
EquipmentEquipment Installed CapacityInstalled Capacity

Base Case Base Case 
CapacitorsCapacitors

CapacitorCapacitor 4,295 MVA4,295 MVA

InvolvesInvolves
1800MVA of1800MVA of
XBogorXBogor HVDCHVDC

ReactorReactor --800 MVA800 MVA

WithWith
AdditionalAdditional
capacitorscapacitors

CapacitorCapacitor 6,055 MVA6,055 MVA

ReactorReactor --800 MVA800 MVA

IncrementIncrement CapacityCapacity 1,760 MVA1,760 MVA

PLN/P3B’s
Existing, on- 
going, planned 
+
HVDC1800MVar

+

1,445 MVar 2015 

315 MVar 2021

Voltage Profile with / without Capacitors Installed in 2021Voltage Profile with / without Capacitors Installed in 2021
Base Case Without additional capacitors 500 kV Voltage meets the 
Grid Code. But installation of capacitors improves system voltage 
further. (for local system and N-1 contingency)
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Regional Balance ofRegional Balance of ReactiveReactive PowerPower
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Regional Reactive Power Regional Reactive Power BalanceBalance withoutwithout AdditionalAdditional CCapacitors in 2021apacitors in 2021
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Regional Reactive PowerRegional Reactive Power BalanceBalance withwith AdditionalAdditional CCapacitors in 2021apacitors in 2021

  
Gen Shunt Capacitor/Reactor Charging

Load Loss P Q [MW，ＭＶａｒ]

Regional Balance ofRegional Balance of ReactiveReactive PowerPower
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Because capacitors are installed to meet the Grid Code under NBecause capacitors are installed to meet the Grid Code under N--1 contingency condition, 1 contingency condition, 
reactive power is too much to balance under normal condition in reactive power is too much to balance under normal condition in Region 1 and 2. Region 1 and 2. 

Remaining reactive power of Region 1 and 2 Remaining reactive power of Region 1 and 2 improve the voltage of Region 3improve the voltage of Region 3 (no(no
additional capacitors installed) under normal condition. additional capacitors installed) under normal condition. 

The capacitor banks are installed in effective point to raise thThe capacitor banks are installed in effective point to raise the voltage to minimize the e voltage to minimize the 
amount of capacitors.amount of capacitors.

▲12 +101 ▲46 ▲40

The Upper Limit of Jakarta demandThe Upper Limit of Jakarta demand 
Concerning to  Voltage StabilityConcerning to  Voltage Stability
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The Upper Limit of Jakarta Power Demand increases by 856MW or 6%The Upper Limit of Jakarta Power Demand increases by 856MW or 6% 
of Region 1 demand (14,674MW).of Region 1 demand (14,674MW).

Kembangan Cibatu Baru

After Install

Bekasi Cawang

Already much 
higher than 
Region 1 Peak 
Load 14,674 MW
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The Upper Limit of The Upper Limit of Jakarta &Jakarta & WesternWestern JawaJawa demanddemand
Concerning to  Voltage StabilityConcerning to  Voltage Stability

Installing the Capacitors makes the upper limit of Western Installing the Capacitors makes the upper limit of Western JawaJawa powerpower
demand increase by 544MW.or 2% of Region 1 and 2 demand (23,735Mdemand increase by 544MW.or 2% of Region 1 and 2 demand (23,735MW).W).

Kembangang Cibatu Baru

Bekasi Cawang

Already much 
higher than 
Region 1&2 Peak 
Load 23,735 MW



Validation of Validation of ScenarioScenario 11 under Nunder N--1 Contingency1 Contingency
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Under normal or NUnder normal or N--11
contingency condition, contingency condition, 
installing the capacitors installing the capacitors 
makes the upper limit of makes the upper limit of 
Jakarta Power Demand Jakarta Power Demand 
increases by 864MW or 6% increases by 864MW or 6% 
of Region 1 demand of Region 1 demand 
(14,674MW)(14,674MW)

Validation of Validation of ScenarioScenario 22 under Nunder N--1 Contingency1 Contingency
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Under normal or NUnder normal or N--11
contingency condition, contingency condition, 
installing the capacitors installing the capacitors 
makes the upper limit of makes the upper limit of 
Jakarta and Western Jakarta and Western JawaJawa
Power Demand Power Demand increaseincrease byby
544MW or 2.3% of 544MW or 2.3% of 
demand in Region 1 and 2 demand in Region 1 and 2 
(23,735MW).(23,735MW).

Receiving Area

(Region 1)

Sending Area

(Region 2,3,4,5)

Power Transfer

Receiving Area

(Region 1,2)

Sending Area

(Region 3,4,5)

Power Transfer

++ AppliApplication of cation of VariousVarious InitialInitial PatternsPatterns
of Generation and Demandof Generation and Demand

Receiving Area

(Region 1,2,3)

Sending Area

(Region 4,5)

Power Transfer

The demand in Region 1 
is increased.

The demand in Region 
1&2 is increased.

The demand in Region 
1,2,3 is increased.

Validation upon Voltage Stability Limit of Interface Flows Validation upon Voltage Stability Limit of Interface Flows 
between Two Regionsbetween Two Regions

The Upper Limits of Interface Flow between Two Regions The Upper Limits of Interface Flow between Two Regions 
Applied Various Patterns of Generation and DemandApplied Various Patterns of Generation and Demand
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Transfer limit

From 2 to 1

From 3 to 2

From 4 to 3

The demand in Region 1 is
independently increased 

The demand in Region 1 and 2 
 Is simultaneously increased 

The demand in Region 1 to 3 
Is simultaneously increased 

The upper limits under three scenarios of demandThe upper limits under three scenarios of demand--increase differ increase differ 
from each other, but the upper limits under different setting offrom each other, but the upper limits under different setting of initialinitial
generation dispatching are almost the same. generation dispatching are almost the same. 



Validation upon Voltage Stability Limit of Validation upon Voltage Stability Limit of DemandDemand underunder
VariousVarious ScenariosScenarios ofof GenerationGeneration andand DemandDemand

The Upper Limits of The Upper Limits of DemandDemand underunder VariousVarious ScenariosScenarios of of 
Generation and DemandGeneration and Demand

WWhenhen thethe demand in Region 1&2 increased, the increment of upper limit ofdemand in Region 1&2 increased, the increment of upper limit of 
demand becomes smaller than in case with increasing only Region demand becomes smaller than in case with increasing only Region 1.1.
This means the demand of This means the demand of Region 2 has more influenceRegion 2 has more influence over voltage over voltage 
limitation than in Region 1.limitation than in Region 1.
For the same reason Region 3 has more influence on the voltage sFor the same reason Region 3 has more influence on the voltage stability tability 
than Region 2.than Region 2.

 

The demand in Region 1 is
independently increased 

The demand in Region 1 and 2 
 Is simultaneously increased 

The demand in Region 1 to 3 
Is simultaneously increased 
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Validation upon Voltage Stability Limit of Validation upon Voltage Stability Limit of InterfaceInterface FlowFlow
betweenbetween RegionRegion 33 andand 22
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From 3 to 2

The demand in Region 1 is
independently increased 

The demand in Region 1 and 2 
 Is simultaneously increased 

The demand in Region 1 to 3 
Is simultaneously increased 

The Upper Limits of The Upper Limits of InterfaceInterface FlowFlow betweenbetween RegionRegion 33 andand 22
underunder VariousVarious ScenariosScenarios of Generation and Demandof Generation and Demand

WhenWhen thethe demanddemand inin RegionRegion 11,,22,3,3 increase,increase, upperupper limitlimit ofof the demand in the demand in 
RegionRegion 11,2,3 becomes smaller ,2,3 becomes smaller thanthan inin case with increasing case with increasing RegionRegion 11 & 2& 2..
SoSo thethe demanddemand inin RegionRegion 33 has more influence.has more influence.

Effects of Main Power Generators in around Jakarta Effects of Main Power Generators in around Jakarta 
on Voltage Maintenance (Scenario 1)on Voltage Maintenance (Scenario 1)

PowerPower
Reduction Reduction 
(MW)(MW)

Upper Limit Upper Limit 
of Jakarta of Jakarta 
DemandDemand

Reduction Reduction 
from Base from Base 
CaseCase

Upper Limit Upper Limit 
Reduction Reduction 
(MW)/Power(MW)/Power
Reduction (MW)Reduction (MW)

Base CaseBase Case -- 19,400.9619,400.96 00 --
WithoutWithout
BantenBanten TPPTPP

625625 19,179.7119,179.71 ▲▲ 221221 ▲▲ 0.350.35

WithoutWithout
BekasiBekasi TPPTPP

2,0002,000 17,982.8417,982.84 ▲▲ 1,4181,418 ▲▲ 0.710.71

WithoutWithout
LontarLontar TPPTPP

315315 18,883.4618,883.46 ▲▲ 518518 ▲▲ 1.61.6

WithoutWithout
UpperUpper
CisokanCisokan
PSPPPSPP

150150 19,299.0919,299.09 ▲▲ 102102 ▲▲ 0.680.68

Effects of Main T/L in around Jakarta on Voltage Effects of Main T/L in around Jakarta on Voltage 
Maintenance (Scenario 1)Maintenance (Scenario 1)

UpperUpper
Limit of Limit of 
JakartaJakarta
DemandDemand

Reduction Reduction 
from Base from Base 
CaseCase

Upper Limit Upper Limit 
Reduction Reduction 
(MW)/Power (MW)/Power 
Reduction (MW)Reduction (MW)

Base CaseBase Case 19,40119,401 00 --

W/o 500 kV T/LW/o 500 kV T/L MuaraMuara TawarTawar-- PriokPriok--MuaraMuara
KarangKarang -- DuriDuri KosambiKosambi

18,33618,336 ▲▲ 1,0641,064 --

W/o 500 kV W/o 500 kV MuaraMuara TawarTawar S/S & S/S & PriokPriok S/SS/S 18,40518,405 ▲▲ 996996

W/o 500 kV T/LW/o 500 kV T/L MuaraMuara TawarTawar -- PriokPriok 19,03019,030 ▲▲ 371371 --

W/o 500 kV T/LW/o 500 kV T/L CawangCawang –– GandulGandul 19,34719,347 ▲▲ 5454 --

W/o 500 kV T/LW/o 500 kV T/L CibatuCibatu –– TambunTambun 19,24019,240 ▲▲ 161161 --

W/o 500 kV T/LW/o 500 kV T/L DuriDuri KosambiKosambi –– KembanganKembangan 
-- BalarajaBalaraja

18,92818,928 ▲▲ 473473 --

W/o HVDC W/o HVDC SmatraSmatra -- BogorBogor (2,500 MW)(2,500 MW) 18,63018,630 ▲▲ 771771 ▲▲ 0.308250.30825



Effect of Installation of Shunt Capacitor by Its Effect of Installation of Shunt Capacitor by Its 
LocationLocation
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