Reproduced from From Darkness to Light: Energy Security Assessment in Indonesia's Power Sector (Singapore:
ISEAS—Yusof Ishak Institute, 2016). This version was obtained electronically direct from the publisher on condition

that copyright is not infringed. No part of this publication may be reproduced without the prior permission of ISEAS—
Yusof Ishak Institute. Individual articles are available at <http://bookshop.iseas.edu.sg>

From Darkness
to Light



Masiah
Text Box
Reproduced from From Darkness to Light: Energy Security Assessment in Indonesia's Power Sector (Singapore: ISEAS–Yusof Ishak Institute, 2016). This version was obtained electronically direct from the publisher on condition that copyright is not infringed. No part of this publication may be reproduced without the prior permission of ISEAS–Yusof Ishak Institute. Individual articles are available at <http://bookshop.iseas.edu.sg>

http://bookshop.iseas.edu.sg

ISEAS-Yusof Ishak Institute (formerly the Institute of Southeast Asian
Studies) was established as an autonomous organization in 1968. It is
a regional centre dedicated to the study of socio-political, security and
economic trends and developments in Southeast Asia and its wider
geostrategic and economic environment.

The Institute’s research programmes are the Regional Economic
Studies (RES, including ASEAN and APEC), Regional Strategic and
Political Studies (RSPS), and Regional Social and Cultural Studies
(RSCS).

ISEAS Publishing, an established academic press, has issued
more than 2,000 books and journals. It is the largest scholarly publisher
of research about Southeast Asia from within the region. ISEAS
Publications works with many other academic and trade publishers
and distributors to disseminate important research and analyses from
and about Southeast Asia to the rest of the world.



From Darkness
to Light

Energy Security Assessment
in Indonesia’s Power Sector

MAXENSIUS TRI SAMBODO

IEE“E YUSOF ISHAK
INSTITUTE



First published in Singapore in 2016 by
ISEAS Publishing

30 Heng Mui Keng Terrace

Singapore 119614

E-mail: publish@iseas.edu.sg
Website: bookshop.iseas.edu.sg

All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording or otherwise, without the
prior permission of the ISEAS-Yusof Ishak Institute.

© 2016 ISEAS-Yusof Ishak Institute, Singapore

The responsibility for facts and opinions in this publication rests exclusively with
the author and his interpretations do not necessarily reflect the views or the policy
of the publisher or its supporters.

ISEAS Library Cataloguing-in-Publication Data

Tri Sambodo, Maxensius.
From Darkness to Light : Energy Security Assessment in Indonesia’s Power
Sector.
1. Energy industries—Indonesia
2. Power resources—Indonesia
3. Electric industries—Indonesia
I. Title.
II. Title: Energy Security Assessment in Indonesia’s Power Sector
HD9502 152T81 2016

ISBN 978-981-4695-47-3 (soft cover)
ISBN 978-981-4695-48-0 (E-book PDF)

Cover photo: Wind Power, Pandansimo Beach, Yogyakarta, 2014. Photo taken
by Felix Wisnu Handoyo.

Typeset by International Typesetters Pte Ltd
Printed in Singapore by Markono Print Media Pte Ltd


mailto:publish@iseas.edu.sg

For my fellow travellers —

Fransiska, Clara, and Megumi






CONTENTS

List of Tables

List of Figures

List of Abbreviations

Acknowledgements
1. Introduction
2. A Historical Overview of the Electricity Sector

The pre-Independence Period

The Independence Period

The Economic Dimension in the Independence and the
Late Sukarno Era

After Nationalization: From BPU-PLN to PT PLN (Persero)

Electricity Performance: Before the Old Order Regime

Lessons Learned: Before the New Order Regime

The Dynamics of Institutions and Organizations:
Post-Old Order Regime

Postscript: Centralization, Decentralization, and
Competition

Electricity Production and Consumption: Boom and Bust
The Production Side

The Demand Side

Convergence Analysis

ix

xi

xiii

Xix

13
18

21
25
28
31

39

46
46
62
66



viii

Index

Economic Crisis and Its Impact on the Power Sector
Understanding the Financial Problem of PLN

PLN’s Loan

Power Purchase Agreement

In Retrospect

Electricity and Economic Growth

Literature Review

Methodology

Economic Growth and Electricity Consumption Revisited
Empirical Results (Bivariate and Trivariate Models)
Analysis and Implications

Electricity and the Environment

Trapped Carbon in the Power Sector

Understanding the Sectoral Approach

Managing Carbon Dioxide Emissions from the
Electricity Sector

Towards Green Path Power System

The Rural Electricity Programme in Indonesia

Current Condition of Electricity Access

Making Electricity Affordable

Who are the Electricity-Poor People?

Managing the Rural Electrification Programme

The Current Development of the Rural Electrification
Programme

Lesson Learned from the SEHEN Programme in the

NTT Province

Conclusion

About the Author

Contents

72
75
76
79
85

94
95
98
99
103
105

112
112
117
122

130
136
137
145
151
154
162

167

176

181

194



LIST OF TABLES

1.1 Electricity Access, 2012 2
2.1 Compostion of Indonesia's Exports, 1900-29 8
(average % shares per decade)
2.2 Total Installed Capacity by Prime Mover 26
2.3 Electricity Production by Area (million kWh) 27
3.1 Installed Capacity by Type of Power Plant 48
3.2 Current Condition of Power Generating in Indonesia 52
3.3 Average Electrical Transmission and Distribution Losses 61

(% of Output)
3.4 Electricity Sold and Total Revenue by Group of Customers 63

in 2007
3.5 Share of Electricity Sold (%) 65
3.6 Rated Capacity (MW) and Convergence Rated Capacity 68
4.1 Indonesian Partners in Foreign-owned Power Plants 82
4.2 Criteria on Independent Power Producer Procurement 84
43 Basic Indicators 88
5.1 Hypothesis Test between Electricity Consumption and 96

Economic Growth
5.2 Summary of the Granger Causality Study in Indonesia 97
5.3 Annual Economic Growth and Electricity Consumption (%) 102
5.4 VAR Bivariate Model Estimation Results 104
5.5 VAR Trivariate Model Estimation Results 105
5.6  Electricity Consumption and Production 107
6.1 Comparative Indicators, 2010 113
6.2 Clean Development Mechanism (CDM) Projects 121
6.3 Policies on Power Plant Expansion, 2010-19 124
6.4 Reserve, Capacity and Rate of Utilization of Renewable 128

Energy in Indonesia



6.5
6.6
6.7
7.1
7.2
7.3

74
7.5
7.6
7.7
7.8

7.9

List of Tables

Top Five Producers of Biodiesel in Indonesia

Top Five Producers of Solar Panel Module in Indonesia
Top Three Producers of Geothermal Energy in Indonesia
Electricity Consumption and Production

World Price of Crude Oil, Natural Gas, and Coal
Electricity Subsidy Based on Type of Customer

(in trillion Rp.)

Price of Electricity for Household Customer

(nominal and real price in Rp.)

Pattern of Partnerships between PLN and KUD
Realization and Target of Rural Electrification Programme
Legal Definition of Rural Area

Types of Renewable Energy following MEMR Regulation
No. 3/2013

Number of Targeted Families and Budget for “Listrik
Murah dan Hemat”

7.10 Communal PV and Autonomous PV

132
132
132
138
147
148

150
158
159
161
163
164

168



LIST OF FIGURES

2.1

2.2
2.3
24
3.1
3.2
3.3
34
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12

4.1
4.2
4.3

44
5.1
52
5.3
6.1
6.2

Installed Capacity in Private and Government Utilities,
1914-40 (MW)

Gross Value Added and Retail Price Index

Capacity in the Public Electricity Industry (MW)
Sales of Electricity in the Public Sector

Electricity Energy Production and Sales

Electricity Production (%)

Installed Capacity of PLN

National, PLN, and Private Installed Capacity
Captive Power in Indonesia

National Installed Capacity between 2000 and 2001
Share and Growth of PLN Power Plants
Transmission Facilities

Distribution and Transmission Losses (%)

Share of Energy Sales by Sector

Annual Growth of Electricity Sold by Sector
Convergence in Electrification Ratio and kWh Sold
per Capita

Added Value and Input-Output Ratio, 1980-2011
Electricity Subsidy in Indonesia

Financial Realization of Electric Power Development
(as % of account)

PLN’s Operating Profit/Loss and Subsidy

GDP and Electricity Consumption

Electricity Intensity

Additional Capacity by PLN (average at yearly level)
Carbon Dioxide Emissions from the Energy Sector
Carbon Dioxide Emissions from the Electricity Sector

Xi

21
25
28
47
50
53
54
56
57
58
59
60
62
64
67

74
75
77

86
99
108
109
114
115



Xii

6.3
6.4
7.1

7.2
7.3

74

7.5
7.6

7.7

7.8
7.9

7.10

7.11

List of Figures

Electricity Production from Coal

Renewable Energy and Electricity Sector
Number of Islands and Average Energy Sold for
Household in 2012

Electrification Ratio at Provincial Level, 2012 (%)

Electricity Sold and Electrification Ratio at Provincial Level,

2012

Electricity Sold for Household and Electrification Ratio at
Provincial Level, 2012

Incremental Levels of Access to Energy Services
Household and Total Electricity Consumption per Capita
(kWh)

Length of Transmission Lines (medium and low voltage)
at Provincial Level, 2012

Installed Capacity of Travo at Provincial Level, 2012
Percentage of Households that use Electricity for
Lighting by Sources

Correlation between Electrification Ratio and Budget on
Rural Electrification Programme (provincial data, 2011-14)
Correlation between Improvement in Electrification Ratio
and Accumulation Fund on Rural Electrification
Programme (provincial data, 2011-14)

116
127
139

140
141

142

143
143

144

145
152

165

166



LIST OF ABBREVIATIONS

ADB Asian Development Bank

AF Availability Factor

AFD Agence Frangaise Développement

AFNEI Allied Forces Netherlands East Indies

AGECC Advisory Group on Energy and Climate Change

AMD ABRI Masuk Desa [Armed Forces Rural Operation]

ANIEM Algemeene Nederlandsch Indische Electriciteit Maatschappij
[Netherlands Indies General Electricity Company]

APLN Pendanaan Interal dari PLN [Self-Financing from PLN]

ASEAN Association of Southeast Asian Nations

ASTAE Asia Sustainable and Alternative Energy Program

ATA Automatic Tariff Adjustment

AusAID Australian government overseas aid program

BANAS Badan Nasionalisasi Perusahaan Belanda [Board for
Nationalization of Dutch Enterprises]

BANI Badan Arbitrase Nasional Indonesia [Indonesian
Arbitrage National Agency]

BPM Bataafche Petroleum Maatschappij [Batavian Oil
Company]

BPPT Badan Pengkajian dan Penerapan Teknologi
[Technology Assessment and Application Agency]

BPPTL Badan Pengawas Pasar Tenaga Listrik [Monitoring
Agency for the Electricity Market]

BPS Badan Pusat Statistik [Statistics Indonesia]

BPU-PLN Badan Pimpinan Umum Perusahaan Listrik Negara

[State Electricity Company Management Agency]

Xiii



Xiv

BRIC
BSM
CDM
CGlI
COD
COP
CO,
CSD
DAK
DDPLN

Dirjen
DKI

DME
DME
DPE

DPR
DPRD

DSM
ECM
ECT
EMM

EMS

ERPA
ESDM

ESMAP
Finec

FIT
GDP

List of Abbreviations

Brazil, Russia, India and China

Bantuan Siswa Miskin [Student Assistance for the Poor]
Clean Development Mechanism

Consultative Group on Indonesia

Commercial Operation Date

Conference of Parties

carbon dioxide

Commission on Sustainable Development

Dana Alokasi Khusus [Special Allocation Fund]

Dewan Direktur Perusahaan Listrik Negara [Board of
Director Electricity State Company]

Direktur Jenderal [Directorate General]

Daerah Khusus Ibu Kota [Special Capital Region of
Jakarta]

Departemen Mineral dan Energi [Department of Mining
and Energy]

Desa Mandiri Energi [Energy Self-Sufficient on Village
Programme]

Departemen Pertambangan dan Energi [Department of
Mining and Energy]

Dewan Perwakilan Rakyat [House of Representatives]
Dewan Perwakilan Rakyat Daerah [Regional Legislative
Assembly]

Demand Side Management

Error Correction Model

Error Correction Term

Electriciteits Maatschappij Medan [Medan Electricity
Company]

Electriciteits Maatschappij Sumatra [Sumatra Electricity
Company]

Emissions Reduction Purchase Agreements

Energi dan Sumber daya Mineral [Energy and Mineral
Resources]

Energy Sector Management Assistance Program
Financieel-Economische QOuvereenkomst [Financial
Economic Agreement]

Feed-in Tariff

Gross Domestic Product



List of Abbreviations XV

GEBEO

GHGs
GOLKAR
GW
GWh
HPAEs
HSD
IBRD

IBW
ICP
IEA
IGGI
IMF
IPP
ISAK

IUKS
IUKU

JICA
JTM

JTR
KBC
KL
KLP
Kmc
KNIL

KORBI

KPDT

Gemeenschapp-Elijk Electriciteitsbedrijf Bandoeng en
Omstreken [Municipal Electricity Works for Bandung
and District]

greenhouse gases

Golongan Karya [The Party of the Functional Groups]
gigawatt

gigawatt hour

High Performing Asian Economies

High Speed Diesel

International Bank for Reconstruction and
Development

Indische Bedrijven Wet [Indies Enterprises Law]
Indonesia Crude Oil Price

International Energy Agency

Inter-Governmental Group on Indonesia
International Monetary Fund

Independent Power Producer

Interpretasi Standar Akuntansi Keuangan [Interpretation
on Financial Accounting Standards]

Izin Usaha Kelistrikan Untuk Kepentingan Sendiri
[Private Utilities Licence for Electricity]

Izin Usaha Kelistrikan Untuk Kepentingan Umum [Public
Utilities Licence for Electricity]

Japan International Cooperation Agency

Jaringan Tegangan Menengah [Medium Transmission
Network]

Jaringan Tegangan Rendah [Low Transmission Network]
Karaha Bodas Company

kiloliters

Koperasi Listrik Perdesaan [Rural Electricity Cooperatives]
kilometer circuit

Koningklijke Netherlands Indische Leger [Royal
Netherlands Indies Army]

Kantor Urusan barang-barang Republik Indonesia

[Office to Manage the Properties of the Republic of
Indonesia]

Kementerian Pembangunan Daerah Tertinggal [Ministry
of Less Developed Areas]



Xvi

KUD
KUR
kWh
LPG
LUCF
LWB

MDGs
MEMR
MIGA
MME
MSA
MtCO,
MVA
MW
NAP
NICA
NIEM

NIGM

NIWEM

NTB

NTT

NV. EBALOM
NV. MEPB

OECD
OECF
OGEM

oP
OPIC
P3LG

List of Abbreviations

Koperasi Unit Desa [Village Cooperative Unit]
Kredit Usaha Rakyat [Micro Credit Loan]
kilowatt-hour

Liquefied Petroleum Gas

Forestry and Land Use Changes

Lands Waterkracht Bedrijven [State Water Power
Enterprise]

Millennium Development Goals

Ministry of Energy and Mineral Resources
Multilateral Investment Guarantee Agency
Ministry of Mines and Energy

Management Service Arrangement

metric ton CO,

mega volt ampere

mega watt

National Action Plan

Netherland Indies Civil Administration
Netherlandsch-Indisch Electriciteit Maatschappij
[Netherlands Indies Electricity Company]
Nederlandsch-Indische Gas-Maatschappij [Netherlands
Indies Gas Company]

Nederlandsch-Indisch Waterkracht Exploitatie Maatschappij
[Netherlands Indies Hydropower Exploitation
Company]

Nusa Tenggara Barat [West Nusa Tenggara]

Nusa Tenggara Timur [East Nusa Tenggara]

NV. Electriciteits Maatschappij Bali en Lombok
NV. Maatschappij tot Exploitatie van Plaatselijke
Bedrijven

Overseas Economic Cooperation and Development
Overseas Economic Cooperation Fund

Owerzeese Gas-en Electriciteits-Maatschappij [Overseas
Gas and Electricity Company]

Operating Permit

Overseas Private Investment Corporation

Pusat or Penguasa Perusahaan Listrik dan Gas Pusat
[Central Administering Board for Electricity and Gas
Enterprises]



List of Abbreviations XVii

PENUDITEL

PENUPETEL

Perum
PGN
PISA
PKH
PKI

PLN

PLTA
PLTU

PNI
PNMP-MP

PNPM
PNSB

PPA
PPP
PPU
PSAK

PSO

PV

RDI
Repelita

RIS

Rp
RPJM

Perusahaan Negara untuk Pendistribusian Tenaga
Listrik [State Company for Electric Power
Distribution]

Perusahaan Negara Untuk Pembangkit Tenaga Listrik
[State Company for Electric Power Generation]
Perusahaan Umum

Perusahaan Gas Negara [National Gas Company]
Purchase and Instalment Sales Agreement

Program Keluarga Harapan [Family Hope Programme]
Partai Komunis Indonesia [Communist Party of
Indonesia]

PT Perusahaan Listrik Negara (Pesero) [The National
Power Company]

Pembangkit Listrik Tenaga Air [Hydropower Plants]
Pembangkit Listrik Tenaga Uap [Steam Power Plants]
Partai Nasional Indonesia [Indonesia Nationalist Party]
Program Nasional Pemberdayaan Masyarakat—-Mandiri
Perdesaan [National Program on Community
Empowerment of Rural Independency]

Program Nasional Pemberdayaan Masyarakat [National
Program for People Empowerment]

Pembangunan Nasional Semesta Berencana [Planned
Overall National Development]

Power Purchase Agreement

Public Private Partnership

Private Power Utility

Pernyataan Standar Akuntansi Keuangan [Standard
Statement on Financial Accounting]

Public Service Obligation

photovoltaics

Rekening Dana Investasi [Investment Fund Account]
Rencana Pembangunan Lima Tahun [Five-Year
Development Plans]

Republik Indonesia Serikat [Federal Republic of
Indonesia]

Rupiah

Rencana Pembangunan Jangka Menengah Nasional
[National Medium Term Development Planning]



Xviii

RPLN
RTC
RUKN

SA
SARBUMUSI
SBII

SBLGI

SBLGI KBM

SEHEN

SHS
SLI

SOBSI

SSS
SUSENAS

TPES
TPPI
UN
UNDP
USAID
USDEK

UuD
VA
VAR
VCM
WEC

List of Abbreviations

Rupiah Pinjaman Luar Negeri [Rupiah from Foreign Loan]
Round Table Conference

Rencana Umum Ketenagalistrikan Nasional [Public Plans
for National Electric Power]

sectoral approach

Serikat Buruh Muslimin Indonesia [Muslim Labour Unions]
Serikat Buruh Islam Indonesia [Islamic Labour Unions]
Serikat Buruh Listrik dan Gas Indonesia [Electricity and
Gas Labour Unions]

Serikat Buruh Listrik dan Gas Indonesia — Kesatuan
Buruh Marhaenisme [Electricity and Gas Labour
Unions — Marhaenisme Labour Union]

Super Ekstra Hemat Energi [Super Extra Energy
Saving]

Solar Home System

Standar Listrik Indonesia [Indonesia Electricity
Standards]

Sentral Organisasi Buruh Seluruh Indonesia [All
Indonesia Centre of Labour Organizations]

Sumatera Staats Spoorwegen [Sumatra Train Company]
Survey Sosial Ekonomi Nasional [National
Socioeconomic Survey]

Total Primary Energy Supply

Trans Pacific Petrochemical Indotama

United Nations

United Nations Development Programme

United States Agency for International Development
U.U.D. ‘45 Sosialisme Indonesia, Demokrasi Terpimpin,
Ekonomi Terpimpin dan Kepribadian Indonesia
[Constitution 1945, Socialism Indonesia, Leaded
Democracy, Leaded Economy and Indonesian
Personality]

Undang Undang Dasar [National Constitution]

volt ampere

Vector Autoregressive Model

Voluntary Carbon Mechanism

World Energy Council



ACKNOWLEDGEMENTS

It would have been impossible for me to complete this book without
the support, encouragement and inspiration from many individuals
and organizations. I would like to express my deepest appreciation
for all their efforts.

Firstly, some parts of this book were derived from my PhD
dissertation entitled, “Mathematical Modeling Analyses for Investigating
the Future Expansion of the Electric Power System in Indonesia”,
which was completed during 2009-12 when I studied at the National
Graduate Institute for Policy Studies (GRIPS) in Japan. I would like to
express my gratitude to Professor Tatsuo Oyama, my main advisor who
guided and helped me in numerous ways. I am also very grateful to
my PhD committee members: Professor Morohosi Hozumi, Professor
Roberto Leon Gonzales, Professor Takashi Tsuchiya, and Professor
Masanori Fushimi.

Secondly, I would like to document my deep appreciation to
Mr Tan Chin Tiong, Director of ISEAS-Yusof Ishak Institute,
Singapore, for supporting this book project. I would also like to thank
Dr Hui Yew-Foong who, as the coordinator of the Indonesia Studies
Group, has provided me with ample opportunities and support in
finalizing my book at the Institute. My gratitude also goes to Foo
Shu Tieng, Kathleen Mariska Azali, and Sheryl Sin Bing Peng from
the Institute who meticulously edited and reviewed the drafts of this
book. I would also like to thank two anonymous reviewers for their
insightful and constructive advices.

I would like to extend sincere thanks to Darwin Syamsulbahri,
Head of the Economic Research Center at the Indonesian Institute
of Sciences (P2E-LIPI), Jakarta, for his substantial support which

XiX



XX Acknowledgements

allowed me to pursue a visiting fellowship at ISEAS-Yusof Ishak
Institute. During the preparation of this book, I have also obtained
support from Professor Lukman Hakim, Professor Iskandar Zulkarnain,
Professor Aswatini, Latif Adam, Siwage Dharma Negara, Agus Eko
Nugroho, Syarif Hidyat, Ahmad Helmy Fuady, M. Soekarni, Agus
Syarip Hidayat, and my younger colleagues in the energy study project
who have helped me to manage my research on energy at LIPL

Special thanks also goes to all my friends in the Indonesia Studies
Programme at ISEAS-Yusof Ishak Institute, especially Leo Suryadinata,
Aris Ananta, Evi Nurfidya Arifin, Ulla Fionna, Alexander Arifianto,
Gwenael Njoto-Feillard, Deasy Simandjuntak and other fellows,
especially Ooi Kee Beng, Cassey Lee, Francis Hutchinson, Zhao Hong,
Tang Siew Mun, Lee Poh Onn, Malcolm Cook, Jason Morris-Jung,
Huong Le Thu, Mustafa Izzuddin, Oh Su Ann, Moe Thuzar, Sanchita
Basu Das, and Lee Yongwoo who have made my life in Singapore
more cheerful.

Preparation for this book took me more than five years and
it led me from Indonesia, Japan to Singapore. I was fortunate
to have the constant companionship and support of my wife,
Fransiska and my daughters, Clara and Megumi. We had experienced
the 11 March 2011 earthquake in Japan, just a day before we skied
at the Gala Yuzawa Snow Resort. On that quake day, I had to stay
in the campus while they were at the school camp. I also remember
a great moment when we cycled, had dinner and ate durians at the
East Coast Park of Singapore. Thank you for being there and sharing
the journey with me.

Finally, I would like to delicate this book to my guru, Dr Thee
Kian Wie, senior researcher at P2E-LIPI, who passed away on
8 February 2014 at the age of seventy-eight. He inspired me to devote
my life to academia. Without his support, this book would never have
materialized.

Maxensius Tri Sambodo





