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Executive Summary 
 

Alternative energy (long-term energy mix) strategy, promotion of energy conservation, and 

introduction of renewable energies are raised as major national energy strategies.  Especially, 

development of coal-fired power plants with 10,000 MW capacity (in 35 locations) is urgently 

carried out today to promote conversion to non-oil energies in Indonesia.  Also, as a measure 

against global warming (global climate change), the government of Indonesia is working on 

creating the Second Crush Program that mainly deals with renewable energies such as 

hydropower and geothermal energy; large-scale hydropower development is emphasized in this 

program.  Although economic efficiency is readily achievable in large-scale hydropower 

development for their scale-based advantages, the development is associated with problems 

such as its impact on natural environment such as conservation of species diversity and 

consideration towards society such as relocation of residents and removal of their lands, as well 

as relief towards the socially vulnerable.  On the contrary, development of medium to small 

hydropower stations that use existing flows or unutilized heads of irrigational facilities has 

advantages including small environmental impact and short development lead time.  An 

impediment to such development, however, is inferior economic efficiency to large scale 

hydropower development. 

 

The Brantas River is located at lat. 7°01’ S to 8°15’ S and long. 110°30’ E to 112°55’ E in the 

province of East Java, Indonesia.  The area of the river basin is 11,800 km2 (equivalent of 

about 25 % of the province of East Java (47,900 km2)), and the length of the river is 320 km.  

It is the second largest river on the island of Java after the Solo River in the provinces of Central 

and East Java.  The population of the river basin is about 16 million people, which accounts for 

more than 40 % of the province of East Java. 

 

This study draws up schemes of hydroelectric power stations that utilize unexploited heads 

located at six areas along the Brantas River.  On-site investigation confirmed that all projects 

sites were located within already transformed lands.  Environmental impact of project sites 

will be assessed through preparation of UKL and UPL.  Based on the small size of the facilities 

and the absence of new land transformation because of the utilization of existing rivers and 

irrigational canals, significant environmental impact is not expected. 
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The potential of 6 projects is about 10 MW and 67GWh annual generation.  Information 

such as IRR obtained through this study, however, may not be sufficient considering risks and 

other factors in Indonesia.  Thus, the project needs a littler more aggressive ideas to reduce 

construction costs and improvement of economic efficiency.  

 

The strongest candidate for a developer is enterprises (for example IP and PJB) that already 

have stable revenue and are capable of making investment under long-term perspectives in 

addition to having a small-scale hydropower development license.  While interviews in this 

study revealed that even such enterprises were not in a position of implementing aggressive 

development because of the latest global financial trend, it is also possible for the effective 

utilization of unexploited renewable energy and reducing greenhouse gases in order to have 

sufficient reasons for development as environmental awareness has increased in recent years. 

 

As one of the solutions, Program Grant Aid for Environment and Climate Change is proposed 

for the development.  The Program Grant Aid was positioned as part of Cool Earth Partnership 

which was proposed at the Davos Conference in January 2008 as one of the assistances for 

developing countries with willingness to work on both CO2 emission reduction and economic 

growth and to contribute to prevent climate change.  Based on the perspectives on budget scale 

and reduction of greenhouse gas emissions, there is a possibility that the hydropower project of 

this study can be carried out under the scheme of the Program Grant Aid.  The study indicates 

that to determine a main entity of the projects is proposed as a first step. 
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Result of the Study 

Items Lodoyo 
AP 

Mrican Jatimlerek Menturus Mlirip New 
Lengkong 

Salient Features 
Maximum 
Discharge 
(CMS) 

48.00 23.40 41.10 (38.40) 17.60 (68.00) 

Net Head 
(m) 

5.05 9.04 4.88 (6.5) 6.32 (4.8) 

Maximum 
Output 
(kW) 

1,430 1,730 1,860 (2,060) 970 (2,690) 

Annual 
Generation 
(GWh) 

10.44 14.33 10.81 (12.15) 7.89 (11.47) 

CER 
(tCO2/Year) 

7,871.76 10,804.82 8,150.74 (9,161.10) 5,949.06 (7,441.98) 

Construction Cost 
(M IDR) 

54,855 53,494 39,951 (40,591) 25,724 (62,925) 

Financial Indicators (exclude revenue from CER) 
Payout time 
(Year) 

18 13 13 — 13 — 

NPV -20,038 -1,836 -1,393 — -121 — 

IRR 4.20 9.46 9.47 — 9.93 — 

Financial Indicators (include revenue from CER) 
Payout time 
(Year) 

17 12 12 — 11 — 

NPV -14,295 5,380 4,157 — 3,796 — 

IRR 5.56 11.73 11.75 — 12.59 — 
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Chapter 1 Basic Information of Indonesia 
 
1.1 Society, Politics, and Economics 
1.1.1 National Land Information 

As shown in Fig. 1-1, Indonesia is made up of five major islands, Java, Sumatra, 
Kalimantan, Sulawesi, and New Guinea (Irian), as well as about 18,100 small islands. It 
is the largest island nation with a total land space of approximately 1.9 million km2. (See 
Tab. 1-1.)  
The country is located at latitude 6°08’ N to 11°15’ S and longitude 95°45’ E to 141°05’ 
E, stretching 5,000 km east to west. It borders Singapore, Malaysia, Brunei-Darussalam, 
and the Philippines to the north, Australia to the south, the Indian Ocean to the west, and 
Papua New Guinea to the east.  

 
Source: Central Intelligence Agency (CIA) “THE WORLD FACTBOOK”, 

https://www.cia.gov/library/publications/the-world-factbook/print/id.html 
 

Fig. 1-1 Location Map of Indonesia 
 

Four plates, Eurasian, Indian, Philippine Sea, and Sahul, meet at Indonesia; thus 
earthquakes occur frequently and there are many active volcanoes. The locations of 
epicenters and volcanoes indicate crust structures. For example, they are continuously 
located as seen in the arch-shaped distribution that connects the islands of Sumatra and 
Flores through the island of Java.  
Like Japan, Indonesia is located on the Pacific Ring of Fire, and there are about 400 
volcanoes in Indonesia. About 130 of them are active volcanoes, which is about 1.5 
times that in Japan. Close to 20% of all active volcanoes (800) in the world are located 
in Indonesia. Many volcanoes are located in densely populated areas of Indonesia, such 
as on the islands of Java and Bali, and local residents are both benefiting from and 
threatened by the volcanoes.  
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Tab. 1-1 Land Area by Region (As of 2005) 
 

Region Area (km2) Ratio (%) 
Java Island 127,569 6.75 
Sumatra Island 480,847 25.43 
Kalimantan Island 574,194 30.37 
Sulawesi Island 191,671 10.14 
Bali Island & Nusa Tenggara Islands 73,137 3.87 
Maluku Islands & Papua Area 443,336 23.44 

Total 1,890,754 100.00 
Source: Central Bureau of Statistics: Biro Pusat Statistik (BPS), “(C) 2008 Data Statistik Indonesia ”, 

http://demografi.bps.go.id 
The size of the province of East Java, where the target sites of this project and the 
Brantas River basin are located, is 47,922 km2, occupying 38% of the island of Java. 
East Java (Jawa Timur) is home to many volcanoes, including Mt. Kelud, an active 
volcano. The Brantas River flows through the volcanoes and down to the city of 
Surabaya. 
 

1.1.2 Climate 
The climate of Indonesia can be roughly divided into two seasons: a dry season (June to 
September) and a wet season (December to March). During the dry season, the 
Australian continental air mass affects the region, and during the wet season, the Asian 
continental air mass and the Pacific air mass that moves through the ocean affect the 
region. April to May and October to November are considered to be seasonal transitions. 
The temperature in the plains remains high during summer, reaching 30°C to 33°C. The 
air is humid and the area is associated with heavy rainfall. Nonetheless, precipitation is 
affected by weather, geographical conditions, and air circulations, and shows large 
differences depending on month and region.  
Chapter 3 describes weather conditions in detail. 
 

1.1.3 Population 
A national census of Indonesia is conducted every decade, and the most recent census 
was conducted in 2000. In between censuses, the Central Bureau of Statistics: Biro Pusat 
Statistik (BPS) releases Year Books as statistical information.  
According to the national census of 2000, the total population of Indonesia is 
approximately 205.1 million people, and according to statistical information from 2005, 
the population is approximately 218.9 million people. Tab. 1-2 shows the population and 
population density of individual states based on the information from 2005 and 
population growth rates from 2000 to 2005.  
The size of the island of Java, where the sites of this project are located, is only 7% of 
the entire country, but the population density is high; the island is home to 128.5 million 
people, which is about 59% of the national population. 
In terms of population trends, the 4.51% annual population growth rate in the city of 
Jakarta is significantly higher than the national average of 1.34%. Although the 
population temporarily showed negative growth during the economic slowdown 
associated with the currency crisis in 1997 (the population growth rate from 1995 to 
2000 was about -1.6%), population influx to urban areas has been significant since then 
as the economy has shown signs of recovery. 
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Tab. 1-2 Demographic Statistics of Indonesia (As of 2005) 
 

Province Population Population Density 
(Capita/km2) 

Population Growth 
Rate Per Year (%/year) 

Nanggroe Aceh Darussalam 4,031,589 78 0.52 
Sumatera Utara 12,450,911 169 1.39 
Sumatera Barat 4,566,126 106 1.50 
Riau 5,854,067 62 3.44 
Jambi 2,635,968 49 1.90 
Sumatera Selatan 6,782,339 73 1.84 
Bengkulu 1,549,273 78 1.29 
Lampung 7,116,177 201 1.15 
Kep. Bangka Belitung 1,043,456 65 3.19 
DKI Jakarta 8,860,381 13,344 4.51 
Jawa Barat 38,965,440 1,126 1.19 
Jawa Tengah 31,977,968 982 1.81 
DI Yogyakarta 3,343,651 1,049 0.48 
Jawa Timur 36,294,280 757 1.43 
Banten 9,028,816 1,044 0.88 
Bali 3,383,572 601 2.30 
Nusa Tenggara Barat 4,184,411 208 1.48 
Nusa Tenggara Timur 4,260,294 90 0.88 
Kalimantan Barat 4,052,345 28 2.29 
Kalimantan Tengah 1,914,900 12 0.18 
Kalimantan Selatan 3,281,993 75 0.64 
Kalimantan Timur 2,848,798 12 2.00 
Sulawesi Utara 2,128,780 139 3.24 
Sulawesi Tengah 2,294,841 36 1.28 
Sulawesi Selatan 8,479,133 136 1.09 
Sulawesi Tenggara 1,963,025 51 0.98 
Gorontalo 922,176 75 1.57 
Maluku 1,251,539 27 2.13 
Maluku Utara 884,142 29 1.75 
Papua 2,518,400 7 1.46 

Total 218,868,791 116 1.34 
* For convenience, the province of Kepulauan Riau is included in the province of Riau, Sulawesi Barat in 

Sulawesi Selatan, and Irian Jaya Barat in Papua.  
Source: Central Bureau of Statistics: Biro Pusat Statistik (BPS), “© 2008 Data Statistik Indonesia”, 

http://demografi.bps.go.id 
 

There are many ethnic groups and languages in Indonesia; as shown in Tab. 1-3, 
Javanese and Sundanese account for about 56% of the national population. The official 
language of Indonesia is Indonesian. 
The four major religions of the world, Hinduism, Buddhism, Christianity, and Islam, 
coexist in Indonesia, and Muslims account for about 86% of the national population. 
(See Tab. 1-4.) Historically, Islam in Indonesia has spread without eliminating the 
indigenous animism, combined with the characteristics shared by different ethnic groups. 
Involvement among ethnic groups is diverse. 
No national religion is designated in Indonesia, and Article 29 of the Indonesian 
Constitution guarantees freedom of religion. 
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Tab. 1-3 Demographic Statistics of Indonesia Classified Ethnic (Language) Group  
 

Ethnic [Language] Javanese Sundanese Madurese Other 
Ratio 40.6% 15.0% 3.3% 41.1% 

Source: Central Intelligence Agency (CIA) “THE WORLD FACTBOOK”, 
https://www.cia.gov/library/publications/the-world-factbook/print/id.html 

 

Tab. 1-4 Demographic Statistics of Indonesia Classified Religious Group 
 

Religion Muslim Protestant Roman Catholic Hindu Other 
Ratio 86.1% 5.7% 3.0% 1.8% 3.4% 

Source: Central Intelligence Agency (CIA) “THE WORLD FACTBOOK”, 
https://www.cia.gov/library/publications/the-world-factbook/print/id.html 

 
1.1.4 Politics 

(1) Political Regime 
The political system of Indonesia employs a republic and presidential system. Fig. 1-2 
shows the current national system and mechanism of Indonesia. 
 

 
Fig. 1-2 State Regime & Apparatus of Indonesia 

 
[I. Government] 

The President is the head of state and the chief of the government and authorized to 
appoint Cabinet ministers. Today, however, there are large restrictions on the President 
to exercise powers, including the power to appoint members of Parliament and the 
power to make law. Presidents are appointed through direct elections by the citizens. 

[II. Legislature] 
The legislative bodies consist of a House of Representatives (Dewan Perwakilan 
Rakyat: DPR, 550 members) and a Regional Representatives Council (Dewan 
Perwakilan Daerah: DPD, 128 members). The top legislative body above them is the 
People’s Consultative Assembly (Majelis Permusyawaratan Rakyat: MPR). Following 
the constitutional revisions enacted by the Megawati (Megawati Setiawati 
Sukarnoputri) Administration in 2001 and 2002, the authority of MPR was reduced 
from being the country's highest decision-making assembly (as well as being an 
assembly authorized to select a president and vice-president every five years and 
approve the president’s administrative policies) to an organization with constituent 
power and the right to remove the president from office. Both DPR and DPD consist 
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of popularly elected officials, and all members of MPR are also popularly elected. 
DPR and DPD are not authorized to separately impeach the president during his/her 
term in order to retain the balance of power between the president and the legislative 
bodies. There is a provision, however, that allows DPR and DPD to act together to 
impeach the president if he/she violates the Constitution.  

[III. Judicial System] 
The judicial system includes realms of general, administrative, religious, and military 
courts. At the top of the system is the Supreme Court (Mahkamah Agung: MA), which 
exercises judicial rights that integrate the other branches. MA makes final judicial 
decisions on cases of appeals from provincial courts in the realms of general, 
administrative, and religious courts. Provincial courts handle cases of appeals from 
regional courts. The Constitutional Court (Mahkamah Konstitusi: MK) has the 
authority to revise and enact the Constitution and laws. The Judicial Council, as an 
independent organization, has the authority to propose appointments of justices to the 
Supreme Court, as well as other rights to protect and realize the honor, dignity, and 
conduct of judges1), and it is regarded as the agency that supervises the judicial 
system. 
 

(2) Political Movement 
Immediately after Japan’s surrender, Indonesia won independence through an 
independence proclamation on August 17, 1945 under the leadership of Sukarno and 
Mohammad Hatta, who later became the first president and vice president. On the next 
day, August 18, the current 1945 Constitution was approved by the Committee for 
Preparatory Work for Indonesian Independence. Then, Indonesia went through a 
four-year armed conflict against the Netherlands, which attempted to re-establish its 
pre-war occupation. This conflict ended through mediation by the United Nations. In 
December 1949, the U.N. recognized Indonesia as the Netherlands-Indonesia Union, 
and the Constitution of the Federal Republic of Indonesia was enacted. Since the 
Provisional Parliament of Indonesia was organized later in August 1950, the Republic of 
Indonesia was established as a unitary state and established the 1950 Constitution. In 
September of the same year, Indonesia became a member state of the U.N. In February 
1956, Indonesia declared its withdrawal from the Netherlands-Indonesia Union and 
became a completely independent country. 
The first general election based on partisan politics was held in 1955 under the 1950 
Constitution. The domestic situation was thrown into great turmoil, however, because of 
the outbreak of a dispute against the Netherlands, which demanded the sovereignty of 
West Irian in 1956, and local rebellions. At the end of the 1950s, President Sukarno 
announced a structure that intended to abolish partisan politics. In July 1959, he 
announced his decision to revert back to the 1945 Constitution to remove Western-style 
democracy and to realize a political structure that stood on discussions among local 
representatives and the people’s representatives. He organized a presidential ministry 
and promoted the centralization of power. President Sukarno developed anti-imperialism 
and anti-colonialism movements. In January 1965, Indonesia withdrew from the U.N. 
and its relationship with the United States rapidly deteriorated, which led the country to 
strengthen its ties with China and the Soviet Union. During this period, comprehensive 
development plans were proposed and implemented to reform the colonial economy. 
Such measures, however, caused significant inflation that originated in deficit financing 
and brought crisis to the national economy. 
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An attempted coup by the Communist Party in 1965 drove President Sukarno from 
power. Then in March 1968, the Provisional People’s Consultative Assembly appointed 
President Suharto. In terms of foreign policies, President Suharto drifted away from 
China and the Soviet Union while improving relationships with free nations and rejoined 
the United Nations. Within the country, the president made efforts to end the severe 
inflation by balancing the deficit financing; as a result, the inflation was quickly reduced. 
Later, the president was called the “Father of Development" for his active involvement 
in issues such as rapid economic growth, promotion of agriculture, and reduction of the 
poor. Nonetheless, the long-term administration suffered distortions and dysfunctions 
within the system. On top of that, due to the Asian Currency Crisis in July 1997, the 
Rupiah (IDR) dropped to less than 1/5 its value within one year, causing the economic 
and financial systems to collapse. The collapse negated the development system 
promoted under the state power regime, and caused President Suharto to resign in May 
1998 and be replaced by President Bacharuddin Jusuf Habibie. 
President Habibie advocated the decentralization of power, freedom of the press, and 
liberalization of party organization, and advanced reforms based on the Constitution, 
including conducting a general election in April 1999. The president, however, lost trust 
due to the corruption of banks and the crisis in East Timor, and the relationship between 
the president and MPR deteriorated. As a result, the president was forced to forgo 
running for reelection; the president had to end his term after only one and half a years. 
In October 1999, President Abdurrahman Wahid was elected through a democratic 
election at MPR. President Wahid worked to overcome the economic crisis, avert 
division of the country by a separatist movement, eliminate the structural corruption 
inherited from the Suharto Administration and secure transparency, and emphasize Asian 
diplomacy, but he was unsuccessful in these efforts. His relationship with MPR also 
deteriorated, and the president was removed from the office by the MPR Special Session 
that demanded presidential impeachment for alleged misappropriation of funds. Suharto 
was replaced by then-vice-president Megawati.  
The first direct election was conducted in the presidential election of 2004. In the runoff 
election, Susilo Bambang Yudhoyono, the former Coordinating Minister for Political, 
Legal, and Security Affairs, defeated President Megawati and was appointed as the sixth 
president of Indonesia. Hopes for President Yudhoyono are great, because since the fall 
of the Suharto Administration that lasted for 30 years in 1998, many presidents came 
and went in the six years before 2004, and many problems arose during the time when 
complete social, political, and economic reforms were called for.  
President Yudhoyono described national policies using numerical goals and worked on 
the many problems that Indonesia was suffering from. As soon as he took office, 
however, massive disasters hit the country; the Sumatra Earthquake and Indian Ocean 
Tsunami occurred in December 2004, followed by the Central Java Earthquake in May 
2006, and flooding in Jakarta, the national capital, in February 2007. Such disasters are 
apparent and great risks that prevent steady development in the country. The direct 
damage of such disasters and massive spending on recovery efforts are major burdens on 
administrative operations.  
Since the government raised fuel costs and other expenses in response to the rapid surge 
in oil prices, the unemployment rate increased and induced a price hike, which is also 
making things difficult for the administration. In addition, the effect of the recent global 
economic crisis has become a great difficulty for the administrational operation of the 
government; thus the government is urged to carefully handle the situation while 
cooperating with other countries.  
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(3) National Development Plan of Indonesia Government 
Under the National Development Planning System Law, which was enacted as law of 
the republic No. 25 in 2004 (Undang-undang Republik Indonesia Nomor 25 Tahun 2004 
tentang Sistem Perencanaan Pembangunan Nasional), the central and local governments 
are designated to establish Tab. 1-5 in regards to development plans in Indonesia. The 
chief official of the National Development Planning Agency (BAPPENAS) is to 
organize development plans in the central government, and the chief officials of the 
Regional Development Planning Agency (BAPEDDA) in individual provinces are to 
organize plans in local governments.  
 

Tab. 1-5 Type of National Development Plan in Indonesia 
 

National Regional Length 
National long-term development plan 

(RPJP) Regional long-term development plan 20 years 

National medium-term development plan 
(RPJM) Regional medium-term development plan 5 years 

Ministry and agency strategic plan 
(Renstra-KL) 

Strategic plan for regional implementation 
agencies (Renstra-SKPD) 5 years 

Government work plan (RKP) Regional government work plan (RKPD) 1 year 
Ministry and agency work plan 

(Renja-KL) 
Work plan for regional implementation 
agencies (Renja – SKPD) 1 year 

RPJP : Rencana Pembangunan Jangka Panjang 
RPJM : Rencana Pembangunan Jangka Menengah 
Renstra-KL : Rencana Strategis Kementrian/Lembaga 
RKP : Rencana Kerja Pemerintah 
RKPD : Rencana Kerja Pemereintah Daerah 
Renja-KL : Rencana Kerja Kementrian/Lembaga 
Renja-SKPD : Renja Satuan Kerja Perangkat Daerah (Work Unit of the Regional Government) 
Source: Iijima, Satoshi “Indonesia no Kokka Kaihatsu Keikaku System-hou to sono Igi nituite 

(Establishment of Indonesian National Development Planning System and its meaning).” Journal 
of Research Institute for Development and Finance. June 2005, No. 25. 

 
The Mid-term Development Plan (RPJM 2004-2009) was created in January 2005 after 
the start of the Yudhoyono Administration. RPJM 2004-2009 is the equivalent of the 
political policies of the Yudhoyono Administration. As shown in Tab. 1-6, it raises three 
major goals: 1) Realize a safe and peaceful nation; 2) Realize a fair and democratic 
nation; and 3) Realize economic and social prosperity and the welfare of the people. 
Quantitative goals are established as specific goals. (See Tab. 1-7.) 
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Tab. 1-6 Outline of the Medium-term Development Plan (RPJM 2004-2009) 
 

Development issues Goal Target 
1. Realize a safe 

and peaceful 
nation 

 Reduce regional and interethnic conflicts and 
crime 

 Maintain and strengthen a unified nation and 
eradicate terrorism 

 Contribute to the region (ASEAN) and world 
peace 

2. Realize a fair 
and 
democratic 
nation 

 Strengthen legal rules and the judicial system 
 Realize gender equality 
 Promote local governance  
 Improve the quality and efficiency of public 

services (including reduction of corruption) 
 Realize fair and democratic elections 

1. Low economic growth and 
employment issue  

2. Low human development (education, 
health, nutrition), population growth, 
low social security and empowerment 
of women  

3. Natural resources and environmental 
management issue  

4. Regional disparities (Java and outside 
Java, the West and East, cities and 
farming villages)  

5. Deterioration of infrastructure 
maintenance  

6. Threats of separatism movements 
(Aceh, Papua) on unification of the 
country  

7. Increase in general crime and 
international crimes 

8. Weak military preparedness 
9. Weak judicial system 
10. Low quality in public services 
11. Weak political and administrative 

systems 

3. Realize 
economic and 
social 
prosperity and 
the welfare of 
the people 

 Reduce the poor (reduce the ratio of the poor 
to 8.2% by 2009) and increase economic 
growth (increase from 5.1% in 2005 to 7.6% 
in 2009) 

 Correction of regional disparities 
 Promote human development through 

education, health and medicine, and social 
welfare programs 

Source: Ministry of Foreign Affairs "Country Assessment Report on Indonesia (2007 Third party 
assessment of Ministry of Foreign Affairs), March 2008, 
http://www.mofa.go.jp/mofaj/gaiko/oda/shiryo/hyouka/kunibetu/gai/indonesia/kn07_01_index.ht
ml 

 

Tab. 1-7 Target of Medium-term Development Plan (RPJM 2004-2009) 
 

Category 2004 2009 
Ratio of the poor 16.6% 8.2% 
Unemployment rate 9.5% (2003) 5.1% 
Economic growth rate 5.1% (2005) 7.6% 
Foreign public debt (% of GDP*1) 53.9% 31.8% 
Private investment (% in GNP*2) 16.0% 24.4% 
Public investment (% in GNP*2) 3.4% 4.1% 
Non-oil/gas export 5.5 % (2005) 8.7 % 

*1: Gross Domestic Product  
*2: Gross National Product 
Source: Ministry of Foreign Affairs "Country Assessment Report on Indonesia (2007 Third party 

assessment of Ministry of Foreign Affairs), March 2008, 
http://www.mofa.go.jp/mofaj/gaiko/oda/shiryo/hyouka/kunibetu/gai/indonesia/kn07_01_index.ht
ml 

 
The development policies of the Yudhoyono Administration especially exhibit changes 
and progress in the following fields: I) Development of environment for investment and 
infrastructure; II) Acceptance of foreign aid; and III) Establishment of democracy and 
problems in the distribution of power. 
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[I. Development of environment for investment and infrastructure] 
The government issued Presidential Regulation No. 3 in February 2006 to target the 
recovery of economic competitiveness through five policy fields: general investment, 
customs duties, tax, labor, and co-op union for medium and small business. A "policy 
package for improving the environment for investment" was established in 2006, 
followed by 2007 Presidential Regulation No. 6 that designated a financial policy 
package that employed four major backbones: "Improvement of the environment for 
investment," "Financial sector reform," "Acceleration of infrastructure 
development,” and “Strengthen the functions of trifling and medium to small 
businesses.” In addition, in June 2008, the government issued 2008 Presidential 
Regulation No. 5 that designated the 2008-09 Economic Policy Package that consists 
of 109 programs in eight fields: “Improvement of the environment for investment,” 
“Macro-economic/finance policy,” “Energy security,” “Natural resources, 
environment, and agriculture," "Trifling and medium to small businesses," 
"Preparation for ASEAN AEC," "Development of infrastructure," and "Labor 
migration." Steady efforts are now in progress. 2) ~ 4) 
In April 2007, the New Investment Law was enforced and the old Foreign Investment 
Law (1967) and Domestic Investment Law (1968) were unified. The New Investment 
Law stipulates the same principles on domestic and foreign investments, reduction of 
approval periods for foreign investments (from the conventional 150 days to 30 days), 
preferential taxations, and integration of approval procedures. Regulation of foreign 
currencies in certain businesses was included in the two Presidential Regulations that 
were issued three months after the enactment of the New Investment Law: 2007 
Presidential Regulation No. 76 designated standards and conditions for regulated 
fields of investment, and 2007 Presidential Regulation No. 77 designated regulated 
fields of investment (Negative List). For the regulation of investment in the field of 
power generation, "fields reserved for medium to small and very small businesses 
(43 fields)" include "power generation up to 10 MW" as "conditionally opened 
fields,” and the regulation designates “power generation and distribution-related 
business: foreign 95%” as a “field in which the ratio of foreign investment is 
restricted (120 fields)." The public sector demanded revision of the contents of the 
Negative List, however, because regulated businesses increased and it could 
discourage investment. Then, Presidential Regulation No. 111 in December 2007 
revised Regulations No. 76 and 77 and removed existing business from the list.  
Public investments drastically decreased after the Asian Currency Crisis, and 
although the condition has been gradually improving, the situation is yet to recover to 
the pre-crisis level. The government expects that there is a limit to developing 
infrastructures only using public funds and is considering the implementation of a 
Public-Private Partnership (PPP) that targets the active involvement of private funds. 

[II. Acceptance of foreign aid] 
Before the economic crisis in 1997, Indonesia employed a Balanced-Budget Policy 
that compensated deficit finance with foreign aid and loans; thus most of the central 
government debt was foreign debt, which was an important funding source for public 
investments. The central government dept was around 20% to 30% of GDP before 
the currency crisis, but due to the economic crisis, it surged to about 60% 
immediately after the currency crisis. It reached 110% in 2000 and pushed the 
national economy to the verge of collapse. Great improvement programs of IMF and 
steady implementation of policies have steadily improved the financial situation 
since then5). 
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Today, the ratio of foreign aid in development projects by the Indonesian government 
has decreased, and the initiatives by the government have increased in project 
implementations. Such situations are shown in the abolishment of the Consultative 
Group on Indonesia (CGI) and the unemployment policy of foreign-aided projects 
that are not appropriated in the mid-term case list (Blue Book). Tab. 1-8 shows 
preferred projects that use foreign aid and selection criteria. 

 
Tab. 1-8 Priority Project and Selection Criteria for Foreign Assistance 

Priority 
project 

 Development of infrastructure that contributes to increased revenue for local 
governments 

 Those that directly affect improvements for regional disparities and communities 
 Those that contribute to service and revenue improvements for national enterprises 
 Those that encourage direct foreign investment 

Selection 
criteria 

 Must be public facilities under management of the central government, national 
enterprises, or local governments 

 Those that are difficult to obtain within the country and are associated with a 
high-degree of dependency on foreign products, services, or technologies 

 Those in which project financing and implementation conditions and procedures are 
simple 

 Those that become models for other developments 
Source: Ministry of Foreign Affairs "Country Assessment Report on Indonesia (2007 Third party 

assessment of Ministry of Foreign Affairs), March 2008, 
http://www.mofa.go.jp/mofaj/gaiko/oda/shiryo/hyouka/kunibetu/gai/indonesia/kn07_01_index.ht
ml 

 
The financial situation is steadily improving, but deficit financing still remains today, 
and there is no change in the basic structure of repaying foreign debt and redeeming 
national debt through fundraising by national debt and foreign assistance. The 
government intends to increase the ratio of fundraising from domestic and foreign 
markets, and is planning to utilize program loans6) in order to counteract unstable 
situations that originate from the external risk of raising funds from the market. 
[III. Establishment of democracy and problems in the distribution of power] 
Indonesia conducted a direct election in the 2004 presidential race, and elections of the 
heads of local governments started in 2005. The Indonesian government is also working 
on issues for the establishment of democracy, including the depoliticization of the 
national military, reform of election systems, decentralization (expanded local 
governance), freedom of the press, protection of human rights, and judicial reform. 
Among numerous reforms, problems were pointed out in the democratic services of the 
police, insufficient operational systems for local governments, and delayed progress in 
infrastructure investments due to insufficient administrative capability. Countermeasures 
are needed for these problems. 
 

1.1.5 Economics 
(1) Economic Trends 

Tab. 1-9 shows major economic indexes of Indonesia from 2001 to 2007. 



1-11 

Tab. 1-9 Key Economical Indicators of Indonesia 
Category 2001 2002 2003 2004 2005 2006 2007 

GDP (nominal, 100 million USD) 1,641 2,038 2,433 2,576 2,813 3,643 4,330 
Per capita GDP 
(nominal, USD/capita) 673 930 1,091 1,165 1,283 1,663 1,947 

Economic growth rate (real, %) 3.8 4.3 4.5 5.1 5.6 5.5 6.3 
Price escalation rate (%) 12.6 10.0 5.1 6.4 17.1 6.6 6.6 
Total trade value: export 
(100 million USD) 563 572 611 716 857 1,008 1,140 

Total trade value: import 
(100 million USD) 310 313 326 465 577 611 744 

Source: Ministry of Foreign Affairs of Japan website, http://www.mofa.go.jp 
Indonesia showed a bullish economic expansion in the early 1990s, and after the Sixth 
Five-year Development Plan (April 1994 - ) started, the real economic growth rate 
remained at high levels at 7% to 8% from 1994 to 1996. The Asian Currency Crisis in 
July 1997, however, caused serious economic crisis in Indonesia, including the slump of 
IDR value, financial instability, rapid rise in interest rate, sudden increase in the burden 
of repaying foreign debts, reduced domestic demand, and increased unemployment rate. 
As a result, the economic growth rate sharply dropped to -13% in 1998, and the 
exchange rate of IDR to USD decreased to less than 20%. The GDP per capita became 
approximately 500 USD/year, which resulted in an increase in the unemployed and the 
poor, and Indonesia’s situation became the most serious case among ASEAN nations. 
(See Fig. 1-3.) 
With the strong policy instructions of the International Monetary Fund (IMF) and urgent 
assistance from the World Bank, Asian Development Bank, and countries including 
Japan to counteract the economic crisis, the government carried out economic and 
financial structural reforms, as it started economic structural reforms including stability 
of macroeconomics, financial reconstruction, and reconstruction of the financial sector 
in January 1998.  
Then, the economy turned to a slow recovery, and positive real GDP growth was 
recorded in 1999. Expansion of exports and bullish private consumption have supported 
economic growth since then, and the country graduated from the financial reconstruction 
program of IMF at the end of 2003. The increase in fuel cost in 2005 to counteract the 
rising price of crude oil resulted in a large increase in the consumer price index (CPI, in 
comparison to 2002) in 2005 to 17.1%, which was 6.4% in 2004, and caused the private 
consumption that had supported the economic growth to slump; as a result, the GDP 
growth rate in 2006 decreased by 0.2% from the previous year. (See Fig. 1-4.) Supported 
by the bullish economic condition of the country, however, the GDP returned to 6.3% in 
2007, the same level as before the Asian Currency Crisis. During this period, the 
economy maintained steady growth as the country experienced natural disasters such as 
the Sumatra Earthquake and Indian Ocean Tsunami, the Central Java Earthquake, and 
frequent flooding, as well as negative factors such as terrorist bombings and bird 
influenza. The economic structural reform and reduction of economic dependence on oil 
are also showing results in this period, and sustainable economic growth through 
continuous improvement of the economic base is highly expected. 
In terms of economic basis, however, the driving force for solid growth is missing 
because of the delayed recovery of foreign investments due to the incalculable 
investment environment. Although the balance of international accounts is sustained by 
the export of primary products such as coals, Indonesia can easily lose foreign 
investments depending on the country’s economic condition that is affected by the trend 
of the global economy and finances, which could lead the country again to significant 
economic slowdown. Therefore, systematic and political solidification of investment 
environment and tax reform are urgent issues for the country. 
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Source: International Monetary Fund, World Economic Outlook Database, October 2008, 

http://www.imf.org/external/ pubs/ft/weo/2008/02/weodata/weoselgr.aspx 

Fig. 1-3 Trend on GDP/Capita of Indonesia and EGR of ASEAN and China  
 
 

 
Source: International Monetary Fund, World Economic Outlook Database, October 2008, 

http://www.imf.org/external/pubs/ft/weo/2008/02/weodata/weoselgr.aspx 

Fig. 1-4 Trend on Rate of Increase in Consumer Price Index of Indonesia 
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The wave of the global economic crisis and global recession that originated in the recent 
Subprime Loan crisis and the shock of Lehman Brothers is surely affecting the 
economic status of Indonesia. Combined with the rising rate of inflation, the country’s 
economic situation remains unpredictable. With the country’s large burden of foreign 
debt repayment, the pressure to buy USD for repayment is also the reason that makes the 
value of the rupiah vulnerable to depreciation. The reduced value of the rupiah also 
increases the price of imported products and results in the exacerbation of price hikes. 
Such a situation gradually affects domestic consumption and may exacerbate a 
slowdown of the real economy. In early 2008, the exchange rate remained stable around 
9,000 to 9,500 IDR/USD, but the value of the rupiah nosedived in October, and it 
reached above the 12,000 IDR/USD mark in mid November to early December. (See Fig. 
1-5.) 

 
Source: © 2008 forex-history.net; http://forex-history.net/main/l/jap/a/home 

Fig. 1-5 Trend on Indonesia Rupiah(IDR)/US Dollar(USD) Exchange Rate 
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Tab. 1-10 Workforce by Business Category and Rate of GDP in Indonesia 

 
Workforce (103 Jobs) 

[Ratio(%)] 
GDP Ratio (%) Category 

2004 2005* 2006* 2007* 2008* 2004 2005 2006 2007 
Agriculture, 
forestry, and fishery 

40,608 
[43.3] 

41,814 
[44.0] 

42,323 
[44.5] 

42,609 
[43.7] 

42,690 
[41.8] 14.3 13.1 13.0 13.8 

Mining and quarry 1,035 
[1.1] 

809 
[0.9] 

947 
[1.0] 

1,021 
[1.0] 

1,062 
[1.0] 8.9 11.1 11.0 11.1 

Manufacturing 11,070 
[11.8] 

11,652 
[12.3] 

11,578 
[12.2] 

12,094 
[12.4] 

12,440 
[12.2] 28.1 27.4 27.5 27.0 

Electricity, gas,  
and water 

228 
[0.2] 

187 
[0.2] 

207 
[0.2] 

247 
[0.3] 

208 
[0.2] 1.0 1.0 0.9 0.9 

Construction 4,540 
[4.8] 

4,417 
[4.7] 

4,374 
[4.6] 

4,397 
[4.5] 

4,734 
[4.6] 6.6 7.0 7.5 7.7 

Wholesale, retail, 
hotel, and 
restaurant 

19,119 
[20.4] 

18,897 
[19.9] 

18,555 
[19.5] 

19,425 
[19.9] 

20,684 
[20.3] 16.0 15.6 15.0 14.9 

Transportation and 
communication 

5,481 
[5.8] 

5,553 
[5.8] 

5,467 
[5.7] 

5,575 
[5.7] 

6,014 
[5.9] 6.2 6.5 6.9 6.7 

Finance, insurance, 
and real estate 

1,125 
[1.2] 

1,043 
[1.1] 

1,153 
[1.2] 

1,252 
[1.3] 

1,440 
[1.4] 8.5 8.3 8.1 7.7 

Public and private 
services 

10,516 
[11.2] 

10,577 
[11.1] 

10,572 
[11.1] 

10,962 
[11.2] 

12,778 
[12.5] 10.3 10.0 10.1 10.1 

Total 93,722 
[100] 

94,948 
[100] 

95,177 
[100] 

97,583 
[100] 

102,050 
[100] 100 100 100 100 

*: Values in 2005 - 2008 indicate February values. 
Source: Central Bureau of Statistics: Biro Pusat Statistik (BPS), “Trends of the Selected Socio-Economic 

Indicators of Indonesia 2008”, ”Key Indicators of Indonesia 2007”, http://www.bps.go.id 
 

On the other hand, Indonesia is a resource-rich nation that produces crude oil, natural 
gas, coal, palm oil, and natural rubber. As shown in Tab. 1-10, the share of the resource 
sector is 11% of GDP, which is higher than the service sector, showing that the country 
is vulnerable to the influence of global trends of resource procurement (price and 
demand). The production of crude oil decreased every year, and the amount of crude oil 
import exceeded the amount of export in 2004; thus Indonesia practically withdrew from 
OPEC in September 2008. Instead, policies have been implemented to utilize the 
abundant reserves of natural gas and coal for export and domestic consumption, but the 
country needs to grow out of the industrial structure that depends on resources as a mid- 
to long-term goal. (See Fig. 1-6.) 
Compared to the amount of exports in other ASEAN countries, Indonesia’s supply chain 
in Asia is weak, and it is difficult to attract direct investments to Indonesia. Industrial 
structural reform in this field is also necessary 8). 
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Source: Central Bureau of Statistics: Biro Pusat Statistik (BPS), “Trends of the Selected 

Socio-Economic Indicators of Indonesia 2008”, http://www.bps.go.id  
Fig. 1-6 Trend on Export and Import Value of Staple Resources in Indonesia  
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1.2 Energy 
1.2.1 Circumstances 

(1) Policy and Strategies 
Based on the background of energy resources that are considered to have abundant 
reserves as energy policy and the current status of the amount of resources, the 
Indonesian government has established and implemented the First National Long-term 
Development Plan (1969 – 1993) and the Second National Development Plan (1994 – 
2018). In 2004, under the country’s fundamental principle “National control over natural 
resources and their utilization for welfare and benefit of the people" as stated in Article 
33 of the Constitution, the government established the National Energy Policy (2003 – 
2020) and raised seven major strategic goals. 
1) Develop energy industry based on market mechanisms 
2) Achieve an electrification ratio of 90% by 2020 
3) Achieve 5% of energy supply through renewable energy by 2020 (not including 

large-scale hydroelectricity) 
4) Establish an energy foundation to maximize the benefits of domestic energy supply 

and export  
5) Establish domestic and international strategic partnerships in the energy sector 
6) 1% reduction of energy intensity 
7) Increase material and human resources utilization within the country and reduce 

dependence on foreign resources 
In 2005, the government released the National Energy Management Blue Print, which is 
a primary energy supply forecast and a roadmap on individual energy development up to 
2025. Presidential Regulation No. 5 was released in January 2006, designating National 
Energy Policy as an alternative strategy on energy towards 2025 (long-term energy 
mix). 
1) Value of energy elasticity (energy consumption growth rate/economic growth rate) < 

1 
2) Optimization of primary energy rate (see Fig. 1-7) 

Oil < 20%, coal > 33%, gas > 30%, 
New renewable energy is 17% (bio fuel 5%, geothermal 5%, liquid coal 2%, other 
5%). 
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Source: Purnomo Yusgiantoro “CONFLICTS ASSOCIATED WITH ENERGY SCARCITY”, 

MEMR OF INDONESIA, The First Conference Establishing an Asian Peace Science 
Network, Aug., 2008 

Fig. 1-7 Share of Primary Energy Consumption in Indonesia 
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(3) Energy Resources 
Energy resources of Indonesia include oil, natural gas, coal, geothermal, and hydro, and 
the country exports oil, natural gas, and coal. Tab. 1-11 shows the outline of energy 
resources in Indonesia (separated by fossil fuel energy and non-fossil fuel energy). 
 

Tab. 1-11 Energy Resources in Indonesia (As of 2008) 
Fossil Energy Resources Reserves 

(RSV) 
Production 

(PRD) 
RSV/PROD 

RATIO (Year) 
Oil 56.6 bn. Bbl 8.4 bn. bbl 348 mil. bbl 24 
Gas 334.5 TSCF 165 TSCF 2.7 TSCF 61 
Coal 93.4 bn. Bbl 18.7 bn. bbl 201 mil. bbl 93 

Coal Bed Methane (CBM) 453 TSCF - - - 
 

Non-fossil Energy Resources Installed Capacity 
Hydropower 75.67GW (e.q. 845mil. BOE) 4.2GW 
Geothermal 27.00GW (e.q. 219mil. BOE) 1.052GW 

Mini/Micro Hydro 0.45GW 0.084GW 
Biomass 49.81GW 0.3GW 

Solar 4.80kWh/m2/day 0.008GW 
Wind 9.29GW 0.0005GW 

Uranium 3GW (e.q. 24.112 ton) for 11 years *1 30MW 
*1: ** Only at Kalan – West Kalimantan 
Source: Purnomo Yusgiantoro “CONFLICTS ASSOCIATED WITH ENERGY SCARCITY”, MEMR 

OF INDONESIA, The First Conference Establishing an Asian Peace Science Network, Aug., 
2008. 
Oil development is expected to decrease to about 1/3 of the current amount in two 
decades; on the other hand, the development of coal is expected to increase by about 1.5 
times of the current amount. 
Tab. 1-12 shows potential hydropower and the status of development in Indonesia. 
According to this table, more than 50% of the potential hydropower has been developed 
on the island of Java, and the development of most of the remaining potential 
hydropower cannot be expected in the future because of economic efficiency and 
environmental factors. Thus, in the development of mini and micro hydropower, it is 
necessary to widen perspectives beyond conventional hydropower development to 
unused energies (idle heads and ineffective discharge of dams) with low environmental 
impact, such as the utilization of canal networks for agricultural and urban water supply, 
and explore the conditions to utilize them. 
 

Tab. 1-12 Potential Hydropower and Installed Capacity in Indonesia 
(Unit : 10xMW) 

Region Potential 
Hydropower (A) 

Installed Capacity of Hydropower 
(As of End of 2006) (B) 

Developed Ratio 
C=B/A 

Java 453 241 53.2% 
Sumatra 1,580 87 5.5% 

Kalimantan 2,161 3 0.1% 
Sulawesi 1,020 21 2.1% 
Irianjaya 2,237 0.6 0.0% 

Other 111 0.4 0.4% 
Total 7,562 353 4.7% 

Source: Japan Electric Power Information Center, Inc. “Overseas Electricity Businesses” Part 1, 2008 
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(4) Energy Demand and Supply 
Tab. 1-13 shows the transition of the amount of primary energy resource production. 
The production was 307.7 million ktoe (in terms of oil) in 2006, which was 1.5 times 
that of 1994 before the Asian Currency Crisis and 1.3 times that of 2000, showing that 
the production is steadily increasing. The breakdown is oil, the fossil fuel energy 16%, 
natural gas 21%, coal 44%, and non-commercial energy (combustible renewables and 
waste) 17%. In this breakdown, the coal production showed four-fold increase over 10 
years because of the increased production on the island of Kalimantan, and about 80% 
of which is exported. About 50% of natural gas production is also exported. As indicated 
in the National Alternative Energy Strategy, these resources are positioned as important 
targets of the reform toward economic structure that tolerates the influence of 
fluctuating global resource procurement conditions by increasing their contributions to 
domestic supply (final energy consumption). 
In terms of final energy consumption, despite the temporary decrease caused by the 
Asian Currency Crisis, it has shown steady growth, showing a 1.3-fold increase over the 
last 10 years. The ratios of coal, natural gas, and electricity account for a large potion in 
this increase. In terms of purposes, the ratios of industrial and commercial consumptions 
increased, whereas the ratios of domestic and transportation consumption decreased10). 
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Tab. 1-13 Trend on Demands and Supplies of Primary Energy in Indonesia 

Production Imports Stocks etc. 
Year Coal and 

coal 
products 

Crude, 
NGL and 

feedstocks 

Natural 
gas 

Hydro Geothermal Combustible 
renewables 
and waste 

Total Coal and 
coal 

products 

Crude, 
NGL and 
feedstocks 

Petroleum 
products 

Total Coal and 
coal 

products 

Petroleum 
products Total 

1995 24,950 78,908 58,649 707 1,900 48,852 213,965 434 9,459 9,206 19,099 -76 -405 -481 

1996 30,333 80,640 61,928 761 2,012 49,181 224,854 278 9,939 8,269 18,486 -954 -77 -1,031 

1997 33,076 80,371 64,152 492 2,377 49,732 230,201 259 8,706 13,121 22,087 0 -266 -266 

1998 37,425 76,948 62,509 913 3,300 42,467 223,561 36 10,034 7,955 18,024 -59 -292 -351 

1999 44,694 76,179 67,876 881 3,348 49,760 242,738 133 11,725 10,945 22,804 -873 -154 -1,027 

2000 46,193 71,253 63,025 861 4,187 50,033 235,552 94 11,073 12,830 23,997 0 -113 -113 

2001 55,701 69,599 59,585 1,002 5,185 50,608 241,681 20 15,628 12,498 28,146 1 -90 -89 

2002 62,310 63,972 62,899 855 5,363 50,874 246,273 13 17,188 14,374 31,576 0 -195 -195 

2003 72,554 60,497 66,008 781 5,429 51,215 256,484 26 17,883 15,485 33,393 -1 -495 -496 

2004 85,988 55,946 63,488 832 5,718 51,263 263,234 65 20,558 20,246 40,869 -269 -361 -630 

2005 103,687 52,416 62,715 925 5,677 51,242 276,663 66 16,379 21,868 38,313 -500 -380 -880 

2006 135,178 49,468 64,058 828 5,724 52,446 307,702 76 15,635 17,723 33,434 -462 -363 -825 

 
Exports Total Primary Energy Supply 

Year Coal and 
coal 

products 

Crude, 
NGL and 
feedstocks 

Petroleum 
products 

Natural 
gas 

Other Total Coal and 
coal 

products 

Crude, 
NGL and 

feedstocks 

Petroleum 
products 

Natural 
gas 

Geothermal Combustible 
renewables 
and waste 

Total 

1995 -19,440 -39,637 -12,163 -29,180 -104 -100,524 5,868 48,730 -3,362 29,469 1,900 48,747 132,060 

1996 -22,631 -38,140 -13,453 -31,065 -104 -105,393 7,026 52,439 -5,261 30,863 2,012 49,077 136,916 

1997 -25,904 -38,682 -12,490 -31,461 -104 -108,642 7,431 50,396 365 32,690 2,377 49,628 143,379 

1998 -29,253 -37,307 -10,327 -31,461 -104 -108,452 8,149 49,675 -2,664 31,047 3,300 42,363 132,783 

1999 -34,567 -37,941 -9,840 -34,055 -104 -116,507 9,387 49,964 951 33,821 3,348 49,655 148,007 

2000 -35,608 -29,657 -10,883 -31,744 -106 -107,998 10,679 52,669 1,834 31,281 4,187 49,927 151,438 

2001 -40,679 -32,305 -9,308 -28,878 -106 -111,275 15,043 52,923 3,100 30,707 5,185 50,502 158,462 

2002 -46,142 -28,653 -8,237 -32,885 -106 -116,023 16,181 52,508 5,942 30,014 5,363 50,768 161,631 

2003 -56,407 -26,012 -9,085 -33,468 -106 -125,078 16,172 52,368 5,905 32,540 5,429 51,109 164,304 

2004 -65,563 -23,451 -9,134 -33,180 -106 -131,434 20,221 53,053 10,751 30,308 5,718 51,158 172,040 

2005 -80,233 -18,725 -6,953 -32,091 -106 -138,108 23,020 50,070 14,535 30,624 5,677 51,136 175,989 

2006 -107,12
3 -16,829 -6,522 -30,663 -106 -161,243 27,669 48,275 10,838 33,396 5,724 52,340 179,069 

Source: OECD, IEA Databases, IEA World Energy Statistics and Balances-Energy Balances of 
Non-OECD Member Countries, Energy Balances (ktoe) Vol 2008 release 01 
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1.2.2 Electricity Enterprises System 
(1) Current Status of Electricity Enterprises System 

As shown in Fig. 1-8, the Ministry of Energy and Mineral Resources (MEMR) is the 
government agency that regulates and supervises the energy industry of Indonesia's 
electricity enterprises. The national electricity company (PT.PLN) is mainly supplying 
electricity to the demand side. The President is assisted with the establishment, 
assessment, and implementation of national development plans on electricity-related 
matters, and the National Development Planning Agency (BAPPENAS), an 
inter-institutional agency, makes overall adjustments. 
 

 
Source: Japan Electric Power Information Center, Inc. “Overseas Electricity Businesses” Part 

1, 2008 
Fig. 1-8 Organization Relating to Electricity Enterprises 

 
The power generation sector includes Indonesia Power (PT.IP: old PJB I), which is an 
independent company (Java-Bali group) that separated from part of the power 
generation department of PT.PLN and Java Bali power generation company (PT.PJB: 
old PJB II), as well as electricity supply by in-house power generation businesses and 
local organizations of residents in electrified areas. Excessive electricity from in-house 
power generation businesses and electricity from independent power generation 
businesses (IPP) are sold to PT.PLN. PT.PLM is monopolizing the power transmission 
and distribution besides some of the in-house power generation businesses and local 
organizations of residents in electrified areas. PT.PLN is currently dividing the company 
to establish division system organizations and to deal with specified supply regions 
(such as the island of Btam). 
In terms of an effort to increase electrification rate (promotion of local electrification), 
which is one of the main pillars of the National Energy Policy, village co-ops are 
working on off-grid rural electrification under the supervision of the State Ministry of 
Cooperatives Small and Medium Enterprises (SMOC & SMEs) in order to complement 
the electricity enterprises of PT. PLN (to supply electricity to remote areas that are 
isolated from the electric power system). 
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The Agency for the Assessment and Application of Technology: (BPPT) is in charge of 
the application and commercialization of alternative and renewable energy technologies 
in Indonesia. 

(2) Electricity Enterprises Reform 
In relation to the “Development of the energy industry based on market mechanisms” in 
the National Energy Policy (2003 – 2020) established in 2004, the New Energy Law 
(2002, Law number 20) that stipulated “introduction of the principle of free 
competition” to the electricity sector was enacted. The framework of the “introduction 
of the principle of free competition” was that PT.PLN, which was made into a joint 
stock company with 100% ownership under the 1994 Ordinance No. 23, would 
unbundle power generation, transmission, and distribution sectors, and competition 
among electricity sector would be created upon establishing a multibuyer-multiseller 
system. 
In 2004, the labor union of PT.PLN and Indonesian human rights organizations appealed 
to the Constitutional Court claiming that the New Electricity Law would lead the 
country to renounce the “Security of the welfare of the people” that was provided under 
the Constitution. The Constitutional Court decided that the New Electricity Law was 
unconstitutional and completely invalid in December 2004. (The court decided that the 
electricity sector was a production sector that the nation should be managing, and 
unbundling would not guarantee supply of electricity to the people.) This decision 
brought the old Electricity Law (enacted in 1985) back into effect. The environment that 
surrounded electricity enterprises was very different from 20 years ago, and there were 
problems in promoting power source development using private investment under the 
old law. In January 2005, the government issued the Ordinance on Changing Electricity 
Enterprise Reform and decided that the national company PT.PLN was to engage in 
electricity supply and that in regards to IPP, an enterprise would be selected through 
public bidding, indicating that PT.PLN would remain as a single buyer. Article 2 of this 
ordinance stipulates priorities of renewable energy utilization and suggests active 
promotion of the use of renewable energy. 
In April 2005, the government enacted the “MEMR Ordinance on Procedures of 
Electricity Enterprises to Purchase Electricity and Use Transmission Lines” and 
“MEMR Ordinance on Procedures to Obtain Electricity Business License for 
Connecting to Transmission Grids.” These ordinances designated the procedures for IPP 
bidding and business licenses. 
The government proposed the New-New Electricity Bill to the Parliament in May 2006, 
but the bill is not yet approved in the Parliament as of January 2009. 
 

(3) Demand for and Supply of Electric Power 
The demand for electric power in Indonesia temporarily stagnated due to the economic 
slowdown after the Asian Currency Crisis, but it increased later with the economic 
recovery. Electric power sales are showing an approximately 75% increase from that of 
1997 (immediately before the Asian Currency Crisis), and the maximum electricity is 
also increasing by about 60%. (See Tab. 1-14.) In terms of regions, the Java-Bali System, 
the region with the largest demand, accounts for about 77% of the national demand11).  
Demand in regions besides the island of Java is also increasing at similar rates as Java, 
but being an island nation, there are large regional disparities. 
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Tab. 1-14 Trend on Demands and Supplies of Electric Power in Indonesia 

 

Year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

Power generation output 
(power generation side) 

(100 million kWh) 
748 750 805 842 884 893 925 962 1,013 1,045 

Internal consumption 
(100 million kWh) 31 32 31 33 36 37 39 40 53 43 

Internal consumption 
ratio (%) 4.1 4.3 3.9 3.9 4.1 4.1 4.2 4.2 5.2 4.1 

PL
N

 P
ow

er
 st

at
io

n 

Power generation output 
(power transmission 

side) (100 million kWh) 
717 718 774 809 848 856 886 922 960 1,002 

Purchased power 
(100 million kWh) 18 29 43 91 133 191 205 241 261 286 

Supplied power 
(100 million kWh) 735 747 817 900 981 1,047 1,091 1163 1,221 1,288 

Transmission and distribution 
loss (100 million kWh) 89 92 100 105 133 172 184 131 142 147 

Transmission and distribution 
loss ratio (%) 12.1 12.3 12.2 11.7 13.5 16.5 16.9 11.3 11.5 11.5 

Other losses (100 million kWh) 3 2 4 3 3 4 3 31 9 15 

Sold power (100 kWh) 643 653 713 792 845 871 904 1,001 1,070 1,126 

Maximum power 
(10 thousand kW) 1,282 1,291 1,432 1,532 1,631 1,716 1,795 1,890 1,926 2,035 

Load factor (%) 70.1 68.9 67.6 69.5 71.1 72.1 71.9 72.6 74.3 64.2 

Source: Japan Electric Power Information Center, Inc. “Overseas Electricity Businesses” Part 1, 
2008 
 
In response to increasing demand, the supply of electricity (electricity generation) by 
coal-fired power generation is showing a large increase. (See Tab. 1-15.) This increase is 
associated with the increased construction of new and additional coal-fired power plants. 
Coal-fired electric power supply is expected to go through a large increase in the future 
under the strengthening program for coal-fired power generation that uses low-quality 
coals to reduce oil dependency, “10,000 MW Development Crash Program" 
(Presidential Regulation No. 71 of 2006). There is some concern that lowered marginal 
supply capacity due to aging of many electric facilities, delayed bidding procedures for 
new and additional constructions, and delayed constructions due to insufficient private 
investment will be unable to catch up with the assumption of the 2006 Comprehensive 
Plan on National Electricity (RUKN2006) that expects the maximum electricity and the 
electricity sales to be more than three times that of today in 20 years (in 2026). (See Fig. 
1-9.)  
An increase in coal-fired power generation will lead to a drastic increase in emissions of 
greenhouse gases. It will have a negative impact on the effort to prevent global warming 
and make it difficult to realize the government's national energy policy, to "Achieve the 
target of 15% renewable energy supply." Thus, it is necessary to improve the energy 
efficiency of coal-fired power plants while accelerating energy conservation and the 
development of alternative and renewable energies. The government is expected to 
actively establish and implement policies on such issues.  



1-24 

 
Tab. 1-15 Trend on Power Energy of PT.PLN 

(Unit: GWh) 
 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
Hydropower 5,149 9,649 9,370 9,109 10,651 8,833 8,472 8,943 9,831 8,759 
Thermal Power  

Oil 5,703 4,199 4,444 6,055 6,557 8,188 9,108 9,636 8,180 8,575 
Gas 3,929 3,877 4,87 3,598 3,489 1,532 1,334 1,203 - - 
Coal 21,841 22,436 25,369 28,776 29,331 29,312 31,736 30,806 34,088 39,189 

Steam P. Total 31,473 30,512 34,000 38,429 39,377 39,032 42,178 41,645 42,268 47,764 
C/C 27,321 24,941 27,045 26,397 27,366 28,803 28,409 30,700 31,272 30,918 
Gas Turbine 1,731 1,395 1,555 1,252 1,459 2,229 2,486 3,179 6,039 5,031 
Diesel 1 5,775 5,307 5,326 5,668 5,753 5,984 5,542 5,498 5,761 6,051 
Diesel 2 746 544 473 687 767 1,225 2,435 3,079 3,105 2,804 

Thermal P. Total 67,046 62,699 68,399 72,433 74,722 77,273 81,050 84,101 88,445 92,568 
Geothermal P. 2,605 2,617 2,728 2,648 2,982 3,187 2,959 3,147 3,006 3,142 

Total 74,800 74,965 80,497 84,190 88,355 89,293 92,481 96,191 101,282 104,469 
Source: Japan Electric Power Information Center, Inc. “Overseas Electricity Businesses” Part 1, 

2008 
 
 

 
Source: “2006 Comprehensive Plan on National Electricity" (RUKN2006) 
 

Fig. 1-9 Supposed Maximum Power Demand and Net System Energy Demand 
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(4) Electric Power Condition of Java-Bali System 
The Java-Bali System consists of two systems: the Northern route (power transmission 
capacity 1.8 million kW) that was completed in 1999 as a 0.5-million-V trunk 
transmission system; and the Southern route (power transmission capacity 1.2 million 
kW) that shares some of the lines with the Northern route. Due to difficulties in some 
negotiations of land acquisition, part of the Southern route is still under construction. 
Fig. 1-10 shows the Java-Bali System. Because of geographical characteristics, large 
thermal power stations are located along the northern coastal areas, and hydropower 
stations are located along main rivers, such as Cirata Hydropower Station, Saguling 
Hydropower Station, and Jatiluhur Hydropower Station in the western region, Sudirman 
Hydropower Station in the central region, and Sutami Hydropower Station in the eastern 
region.  
The high-demand area around the city of Jakarta receives power from sources around 
West Java and sources near the city of Surabaya in East Java. The importance of the 
trunk transmission lines is significant, and quick completion of the Southern-route trunk 
transmission line is hoped for. In 20 years, the Java-Bali System's maximum electricity 
is expected to exceed 50,000 MW, which makes it highly possible that development of 
power sources, as well as stable supply of electric power through system improvement 
will be the bottleneck of politics and economics of Indonesia.  
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Source: Japan Electric Power Information Center, Inc. “Overseas Electricity Businesses” Part 1, 

2008 and other materials 
 

Fig. 1-10 Power Station and Transmission Line of Java-Bali System 
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1.2.3 Renewable Energy 
(1) Development of Renewable Energy and Energy Conservation Policy 

The government of Indonesia raised a goal to “Achieve 5% electricity supply through 
renewable energy sources besides large-scale hydropower by 2020" in the 2004 National 
Energy Policy (3% by geothermal energy, and 2% by small-scale hydropower, biomass, 
and other renewable energy sources) based on the fundamental principle, “National 
control over natural resources and their utilization for welfare and benefit of the people” 
as provided in the Constitution. In addition, the government established the National 
Energy Policy in Presidential Regulation No. 5 in January 2006 as an alternative energy 
strategy (long-term energy mix) towards 2025. In this regulation, the targets were raised 
to less than 1 for energy elasticity and that 15% of the total primary energy would be 
renewable energy (5% by bio fuel, 5% by geothermal, and 5% as a total of biomass, 
mini-hydropower, photovoltaic, wind power, and nuclear).  
The Law on Energy in August 2007 includes stipulations such as the “Utilization of 
alternative and renewable energy resources in less developed regions and villages,” 
“Promotion of alternative and renewable energy supply by central and local 
governments," and "Incentive for development and utilization of alternative and 
renewable energy supply.”  

(2) Present Situation of Renewable Energy 
Tab. 1-16 shows reserves of renewable energies and the current capacities of facilities in 
Indonesia. Most renewable energies are yet to be developed. The commercial 
competitiveness of renewable energies is weak because of their high development cost. 
In order to overcome this issue, the government is expected to establish and implement 
detailed action plans and promote aggressive technological developments. 
 

Tab. 1-16 Indonesia’s Energy Reserves and Production (2008) 
Category Reserve Rough estimate of already 

developed amount 
Large- to medium-scale 

hydropower 75,670MW 4,200MW 

small- to micro-scale 
hydropower 450MW  84MW  

Geothermal 27,000MW 1,052MW 
Biomass 49,810MW 300MW 

Photovoltaic 4.80kWh/m2/day 8MW 
Wind 9,290MW 0.5MW 

Source: Purnomo Yusgiantoro “CONFLICTS ASSOCIATED WITH ENERGY SCARCITY”, MEMR 
OF INDONESIA, The First Conference Establishing an Asian Peace Science Network, Aug., 
2008 
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Chapter 2 Outline of Projects 
 
2.1 Comprehensive Water Resources Development of Brantas River Basin 
2.1.1 Outline of East Java and Brantas River 

The population of the province of East Java, where the Brantas River runs, is about 36.3 
million people (statistics in 2005), about 28% of the total population of the island of 
Java. Table 2.1 shows the population and number of local governments of individual 
prefectures and cities of the province of East Java as of 2006. In the province of East 
Java, cities and villages are distributed at the foot of volcanic mountains such as Mt. 
Kelud Volcano and the Brantas delta. 
The Brantas River is located at latitude 7°01’ S to 8°15’ S and longitude 110°30’ E to 
112°55’ E in the province of East Java. The size of the river basin is 11,800 km2 
(equivalent of about 25 % of the province of East Java (47,900 km2)), and the length of 
the river is 320 km. It is the second largest river on the island of Java, after the Solo 
River in the provinces of Central and East Java. The population of the river basin is 
about 16 million people, which accounts for more than 40% of the province of East 
Java.  

Brantas River

Surabaya 
City

Malang City

Mt. Bromo
(Active Volcano)

Mt. Semeru
(Active Volcano)

Mt. Kelud
(Active Volcano)

Brantas River

Surabaya 
City

Malang City

Mt. Bromo
(Active Volcano)

Mt. Semeru
(Active Volcano)

Mt. Kelud
(Active Volcano)

 
 

Source: http://www.seasite.niu.edu/indonesian/indonesian-map/indo-map-fs.htm  
(Addition) 

Fig. 2-1 Overview of the Brantas River 
 

From the 10th to the 16th centuries, ancient dynasties flourished in Kediri, Singasari, and 
Majapahito and cities such as Malang, Blitar, Kediri, Jombang, and Majokerto 
developed in the river basin of the Brantas. A granary expanded at the foot of the 
volcanic mountains around these cities and provided a great economic basis. Today, the 
river basin of the Brantas is still an important granary of the island of Java.  
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Tab. 2-1 Population etc. in East Java (As of 2006) 

Category Name of 
prefecture/city Population Number of 

towns/districts 
Number of 

villages 
Pacitan 549,768 12 164 
Ponorogo 885,986 21 303 
Trenggalek 687,786 14 157 
Tulungagung 984,460 19 271 
Blitar 1,140,809 22 248 
Kediri 1,525,231 24 344 
Malang 2,419,822 33 389 
Lumajang 1,026,400 21 204 
Jember 2,278,718 31 247 
Banyuwangi 1,575,265 24 217 
Bondowoso 725,571 23 209 
Situbondo 636,200 17 136 
Probolinggo 1,070,137 24 330 
Pasuruan 1,485,342 24 365 
Sidoarjo 1,838,666 18 353 
Mojokerto 1,027,871 18 304 
Jombang 1,212,876 21 306 
Nganjuk 1,065,459 20 284 
Madiun 667,709 15 206 
Magetan 621,862 17 235 
Ngawi 857,449 19 217 
Bojonegoro 1,251,051 27 430 
Tuban 1,104,538 20 328 
Lamongan 1,274,194 27 474 
Gresik 1,120,541 18 356 
Bangkalan 945,863 18 281 
Sampang 894,046 14 186 
Pamekasan 782,076 13 189 

Province 

Sumenep 1,068,595 27 332 
Kediri 255,452 3 46 
Blitar 125,689 3 21 
Malang 784,337 5 57 
Probolinggo 207,953 3 29 
Pasuruan 184,591 3 34 
Mojokerto 118,464 2 18 
Madiun 171,605 3 27 
Surabaya 2,716,971 31 163 

City 

Batu 189,384 3 24 
Total of the province of East Java 37,478,737 ― ― 

Source: Indonesia Statistics Bureau, East Java Office (©2008 BPS Jatim Official Site): 
Statistics of Jawa Timur Province, http://jatim.bps.go.id 
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2.1.2 History of the Water Resources Development 
The development of the Brantas river basin started during the Dutch colonization era, 
when irrigation facilities and flood control infrastructures were built. Then, however, 
landslides caused by volcanic eruptions and flooding destroyed these infrastructures, 
and they lost most of the functions in the 1950s. 
Based on such circumstances, Japanese government started providing technological aids 
in the 1960s and implemented river basin development and management. Adaptations to 
the characteristics of this regions, ‘rapid population growth,’ ‘fast production of 
landslide,’ ‘agricultural development that extends to the foot of the mountains,’ 
‘utilization of flood plains as paddy fields,’ and ‘cities developing in flood plains’ were 
gradually carried out based on necessities of the time. Specifically, the technological 
aids of Japanese government are categorized into four steps, the First Master Plan that 
started in 1961 and the Fourth Master Plan that ended in 1998. (See Fig. 2-2) 
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Source: JASA TIRTA I PUBLIC CORPORATION “Water Resources Management in Brantas 

River Basin” 
Fig. 2-2 Water Resources Management in Brantas River Basin 

 
The First and Second Master Plans included development plans of infrastructures such 
as construction of multi-purpose dams and river restorations that mainly targeted to 
prevent flooding and build irrigations. Then, under the Third Master Plan, suggestions 
were made on contents of infrastructures such as establishment of river law, installation 
of committee that coordinates river management, and flood forecast and warning system. 
Under the Fourth Master Plan, burden of river maintenance discharge cost on users and 
beneficiaries, participation of local residents to river management, establishment of 
water resources management public corporation, self-supporting accounting system, and 
privatization were examined. 
Based on these Master Plans, more than 100 billion yens of investment was made on 
development and management of the Brantas river basin through aid funds such as 
Japan’s postwar compensation and yen loan, loans of World Bank and Asian 
Development Bank, and Australia’s grant aid and loans. Main aids of Japanese 
government besides the Master Plans include water resource development and flood 
prevention through dam construction, supply hydroelectricity to industrial areas near the 
city of Surabaya, maintenance of irrigation infrastructures, and promotion of rice 
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cultivation by providing farming equipments free of charge. Fig. 2-4 and Tab. 2-4 show 
water resources management facilities (dams and barrages) that have been installed 
along the Brantas River.  
Tab. 2-2 shows the beneficial effects of water resources in the Brantas River basin in 
2006. Fig. 2-3 shows the status of water resource usage for 10 years up to 2006 based on 
the fluctuation of profit from water users of Water Resource Management (PJT-1). This 
shows that the demand for water has been steadily increasing due to the advance of 
urbanization and industrialization around the city of Surabaya. 
The Brantas river basin has become one of the largest granaries in the province of East 
Java by January 2009, and the city of Surabaya has become the second largest city in the 
country. Tab. 2-3 shows the status of land usage in the Brantas River basin in 2004. 
According to this table, more than 60 % of the land is used as paddy fields and farming 
lands. Considering that paddy fields are located in flood plains, flood control and water 
resource management along the Brantas River are still important matters.  
 

Tab. 2-2 Features of water resources in Brantas River basin (As of 2006) 
 

Item Contents 
Electricity 1.00 billion kWh/year 

Area that benefit from irrigation 304,000ha (121,000ha from reservoirs) 
Domestic water 245 million m3/year 
Industrial water 135 million m3/year 

River maintenance discharge 204 million m3/year 
Flood control 50-year ratio: 60,000ha 

Fishery 41 million m3/year (Delta area: 15,730ha) 
Source: JASA TIRTA I PUBLIC CORPORATION “Water Resources Management in 

Brantas River Basin” 
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Source: JASA TIRTA I PUBLIC CORPORATION “Water Resources Management in Brantas 
River Basin” 

 
Fig. 2-3 Revenue of PJT1 from water users in Brantas River basin 

 

Tab. 2-3 Land Use in Brantas River basin (As of 2004) 
 

Category Ratio (%) 
Paddy field 39.0 

Dry land, wasteland 12.0 
Farming land (not including paddy field) 22.0 

Forest 11.0 
Residential area 12.0 

Other  4.0 
Source: JASA TIRTA I PUBLIC CORPORATION “Water Resources Management in Brantas 

River Basin”  
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Tab. 2-4 Major facilities for water management in Brantas River basin  

Facility (year of completion) Name of 
river Purpose 

A. Large Dams 

Selorejo Dam (1970) Konto Irrigation water supply, generation of 
hydroelectricity, flood control, recreation 

Sutami Dam (1972) Brantas 
Domestic, industrial, and irrigation water supply, 
generation of hydroelectricity, flood control, 
recreation 

Lahor Dam (1975) Lahor Domestic, industrial, and irrigation water supply, 
flood control  

Wlingi Dam (1978) Brantas 

Water sharing for irrigation, generation of 
hydroelectricity, tail water reservoir for 
generation of hydroelectricity, flood control , 
recreation 

Bening Dam (1984) Widas Irrigation water supply , generation of 
hydroelectricity, flood control , recreation 

Sengguruh Dam (1988) Lesti Sutami Dam sediment control, generation of 
hydroelectricity 

Wonorejo (2000) Bodeng Song Domestic water supply, generation of 
hydroelectricity, flood control  

B. Barrage 

New Lengkong (1974) Porong Water sharing for domestic, industrial, and 
irrigation water 

Gunungsari (1981) Surabaya Water sharing for irrigation water 
Jagri [Rehabilitation] (1981) Wonokrom Water sharing for domestic water 

Lodoyo (1983) Brantas Generation of hydroelectricity, tail water 
reservoir for generation of hydroelectricity 

Tulungagung Gate (1986) Ngrowo/Parit 
Agung Canal 

Regulation of domestic water, generation of 
hydroelectricity, flood control  

Wonokromo (1990) Mas Flood control  
Mrican (1992) Brantas Water sharing for irrigation water 

C. Rubber Dams 
Gubeng (1990) Mas Water sharing for domestic water 
Jatimlerek (1993) Brantas Water sharing for irrigation water 
Menturus (1993) Brantas Water sharing for irrigation water 

Source: JASA TIRTA I PUBLIC CORPORATION “Water Resources Management in Brantas 
River Basin” 

 
 
 

 



2-7 

 

Wonorejo Dam (00)

Selorejo Dam  (72)Waru-Turi B. (92)

Bening Dam (84)

Gunungsari B. (81)Menturus R.D (93) Jatimlerek R.D (93)    

New Lengkong B (74)

Sengguruh Dam (88)Sutami Dam (72)Wlingi Dam (78)Lodoyo Dam (83)

Lahor Dam (77)

T.Agung Tunnel (91)

Wonorejo Dam (00)Wonorejo Dam (00)

Selorejo Dam  (72)Selorejo Dam  (72)Waru-Turi B. (92)

Bening Dam (84)

Gunungsari B. (81)Menturus R.D (93) Jatimlerek R.D (93)    

New Lengkong B (74)

Sengguruh Dam (88)Sutami Dam (72)Wlingi Dam (78)Lodoyo Dam (83)

Lahor Dam (77)

T.Agung Tunnel (91)  
 

Source: JASA TIRTA I PUBLIC CORPORATION “Water Resources Management in Brantas River Basin” 
 

Fig. 2-4 Major facilities for water management in Brantas River basin 
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2.1.3 Sedimentation in Reservoirs in Brantas River Basin 
As mentioned earlier, the Brantas River basin is associated with active sediment 
generations that directly originate in large amounts of pyroclastic materials from 
volcanoes such as Mr. Kelud and from cultivated lands that extend to the foot of the 
mountains. There are reports on incidents that such sediment generations caused 
sedimentation problems in dams. Table 2.5 shows the status of sedimentation in major 
dams along the Brantas River. 
Besides lowering dam functions, sedimentation in dams cause river bed degradations at 
the lower reaches of the dams. In addition, excessive sediment collection due to the 
manufacture of construction materials (aggregate), erosion of river walls and 
embankments, scouring, and water leaks have caused damage to river structures and 
associated flooding damage,, which required the implementation of new 
countermeasures. Thus, restoration projects have been continuously implemented to 
prevent the exacerbation of existing damage and new damage.  

 
Tab. 2-5 Sedimentation in Reservoirs in Brantas River Basin 

Initial Condition Current Condition  

No. Name of 
Reservoir Year of 

Measurement 

Valid 
Reservoir 
Capacity 

(million m3) 

Total 
Reservoir 
Capacity 

(million m3) 

Year of 
Measurement 

Valid 
Reservoir 
Capacity 

(million m3) 

Total 
Reservoir 
Capacity 

(million m3) 

1 Sengguruh 1988 2.50 21.50 2005 0.91 
36.40% 

1.48 
6.88% 

2 Sutami 1972 253.00 343.00 2004 146.12 
57.75% 

176.03 
51.32% 

3 Labor 1977 29.40 36.10 2002 25.80 
87.76% 

31.30 
86.70% 

4 Wlingi 1977 5.20 24.00 2006 2.02 
38.85% 

4.00 
16.67% 

5 Lodoyo 1980 4.20 5.80 2006 2.73 
65.00% 

2.60 
44.83% 

6 Selorejo 1970 50.10 62.30 2003 41.50 
82.83% 

44.00 
70.63% 

7 Bening 1981 28.40 32.90 2004 26.18 
92.18% 

28.74 
87.36% 

8 Wonorejo 2001 105.80 121.50 2005 99.62 
94.16% 

110.32 
90.80% 

Source: JASA TIRTA I PUBLIC CORPORATION “Water Resources Management in Brantas 
River Basin”  
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2.1.4 Water Quantity Management in Brantas River Basin 
The Technical Team of the Water Resources Management Committee examines the river 
flow management of the Brantas River. Jasa Tirta I Public Corporation (PJT1) is 
carrying out management based on approval during committee meetings. Fig. 2-5 shows 
the flowchart of flow management.  

 

 
Source: 
http://www.jasatirta1.go.id/english/WaterResources.php?subaction=showfull&id=1191848692&
archive=&start_from=&ucat=12& 
 

Fig. 2-5 Jasa Tirta I Public Corporation 
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2.2 Concept of Candidate Projects in This Study 
2.2.1 Salient Features of Existing Barrages and Development Concept 

This study draws up schemes of hydroelectric power stations that utilize unexploited 
heads located at six areas along the Brantas River. Fig. 2-6 shows these locations.  

 

3.Jatimlerek

Mrican

4.Mentrus

5.Mlirip

6.New Lengkong

2.Mrican

1.Lodoyo

 
Source: 
http://www.jasatirta1.go.id/english/petasungai.php?subaction=showfull&id=1191738382&archi
ve=&start_from=&ucat=7& 
 

Fig. 2-6 Location of unexploited heads utilized in the study 
 

Concepts of power generation schemes that utilize unexploited heads and overviews of 
barrages that are generating unexploited heads are described below. 
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(1) Lodoyo AP Small Hydroelectric Project (SHEP) 
a) Overview of Lodoyo Barrage 
Tab. 2-6 shows the specifications of Lodoyo Barrage released by PJT1, the managing 
firm of the facility.  
 

Tab. 2-6 Specifications of Lodoyo Barrage 
 

1. Purpose  Hydropower unit II Wlingi Raya with installed capacity 1 x 
27 MW.  

 Lodoyo PLTA with installed capacity 1 x 47 MW.  
 Afterbay Wlingi hydropower plant.  
 Flood control 
 Fishery and tourism. 

2. Hydrology and 
Reservoir 

 Gross capacity : 5,000,000 m³ 
 Effective capacity : 5,200,000 m³ 
 Inundation area : 0.94 km² 
 Catchment area : 3,017 km² 
 Flood water level : El. 136.00 m 
 Normal water level : El. 135.50 m 
 Low water level : El. 125.50 m 
 Flood design discharge : 3,970 m³/sec. 

3. Barrage  Type : barrage 
 Elevation of crest barrage : El. 125.00 m 
 Width of barrage : 8 @ 12.00 m 
 Water gate : 8 @ 12.00 m x 11.30 m 

Source: PJT1: http://www.jasatirta1.go.id/english/ 
 

b) On-site Information on Development Plan for Lodoyo AP SHEP and the 
Concept for Drawing up the Plan 
 Initial Plan based on Preliminary Survey 
A preliminary survey obtained information that Lodoyo Barrage is discharging at a 
flow rate of 50 CMS for 0.5 years every year, and the minimum unexploited head is 
8 m. Under the plan, electricity will be generated using the unexploited heads at 
upstream and downstream sections of Lodoyo Barrage and the water that is steadily 
discharged to the lower reach of the river.  
 Overview of Lodoyo Hydroelectric Power Station (owned by PJB) 
The average water use at Lodoyo Hydroelectric Power Station is 59 CMS. During the 
peak time, the flow rate is 47.2 CMS and the output is 4,700 kW, whereas during 
ordinary time, the flow rate is 64.3 CMS and the output is 4,700 kW, and during the 
time of minimum operation, the flow rate is 49.1 CMS and the output is 2,320 kW. 
PJT1, the manager of Lodoyo Barrage, controls the flow rate for electricity 
generation by adjusting the spillway gate while monitoring the water level of the dam. 
Lodoyo Hydroelectric Power Station is basically operating throughout the year. The 
only time the operation is stopped is during sediment removal work at Lodoyo 
Reservoir or other special circumstances. 
 Overview of Lodoyo Barrage Management by PJT1 
The water level of the upstream section of the barrage is measured by a floating 
water level gauge at the left bank of the upstream section of the barrage. The reading 
can be confirmed at the local management station and the Control Center in PJT1 
Office in Malang. The local management station is also keeping handwritten daily 
logs every hour on the hour.  
The flow rate recorded as an amount used at PJB power stations is a value that is 
calculated based on the output obtained from PJB.  
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The spillway gate is operated based on the judgment of local operators. The 
operation system employs three-shift rotation, where two staff members are assigned 
to one shift. 
The discharge from the spillway gate is stopped when the water level at the upstream 
section of the barrage becomes lower than the designated water level (EL.135.25 m), 
and all water flow goes to the PJB power station. 
The PJB power station remains in operation even during flooding. Under special 
circumstances, such as when massive flooding is expected, however, the spillway 
gate is controlled so that the water level becomes lower than the designated level 
(EL.133 m) in order to prevent flooding the residents in the upstream section of the 
barrage. The operation of the PJB power station is stopped in such cases. 
 Concept of Lodoyo AP SHEP Development Plan based on On-site Investigations 
PJT1 showed disapproval of the development plan on the left-side bank of the river. 
An on-site investigation confirmed that there was an unexploited head at the 
downstream section of the drainage taps of Lodoyo Hydroelectric Power Station that 
was in operation on the right-side bank. Thus, the plan was changed so that a power 
station would be installed near the end of the drainage canal of Lodoyo Hydroelectric 
Power Station and to utilize the water that was used for power generation. 

 

 
 

Fig. 2-7 Lodoyo Barrage 
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(4) Mrican Small Hydroelectric Project (SHEP) 
a) Overview of Mrican Barrage 
Tab. 2-7 shows the overview of Mrican Barrage released by PJT1, the managing firm of 
the facility.  
 

Tab. 2-7 Specifications of Mrican Barrage 
 

1. Purpose  Supply for Warujayeng-Turi Tunggorono irrigation area 
23.160 ha. 

 Sediment control Flood control.  
 Prevent river degradation 

2. Barrage 
specification 

 Type : Concrete + iron gate  
 Contrete volume : 18,000 m3 
 Flood W. L : El. 58.28 
 Normal W. L : El. 57.20 
 Low W. L : El. 57.10 
 Number of gates : 9 hos @13.20 m 
 Elevation of crest : El. 55.60  
 Thickness of pillar : 1.80 m  
 Type of gate : Motor 
 Flood design discharge : 950 m3/sec 

3. Sluice way 
specification 

 Type of gate : Motor 
 Number of gate : 2 units @ 4 hos 
 Elevation of bottom : El. 53.20 m 
 Elevation of top : El. 55.60 m 
 Thickness of pillar : 1.50 m 

Source: PJT1: http://www.jasatirta1.go.id/english/ 
 

b) On-site Information for Development Plan for Mrican SHEP and the Concept 
for Drawing up the Plan 
 Initial Plan based on Preliminary Survey 
The preliminary survey obtained information that a flow rate of 40 CMS is 
discharged to the downstream section of the barrage throughout the year, and the 
minimum unexploited head is 8 m. Under the plan, electricity will be generated using 
the unexploited heads at upstream and downstream sections of Mrican Barrage and 
the water that is steadily discharged to the lower reach of the river.  
Irrigation intakes were installed at both sides of the upstream section of the barrage. 
Since the right-side bank has slightly wider space than the left-side bank, the plan 
was drawn to install an intake for power generation at the irrigation canal on the 
right-side bank and to make diversions. Since necessary water flow must be secured 
for irrigation, however, the existing intake probably needs to be widened. The water 
used for power generation will be discharged to the Brantas River.  

 Overview of Mrican Barrage Management by PJT1 
The Control Station located at the right-side bank of the barrage carries out 
management of Mrican Barrage. The supply of irrigation water is carried out by 
monitoring the water level at the upstream section of the barrage and adjusting the 
spillway gate. 
There are grit chambers at the downstream section of the irrigation intakes installed 
on both sides of the river. The sediment accumulated in the grit chambers is regularly 
discharged to the Brantas River through the flushing gates. There is a road above the 
barrage, but the traffic is light. There is a park around the grit chamber on the right 
bank of the barrage, and a space is available for installing a power station.  
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 Concept of Mrican SHEP Development Plan based on On-site Investigations 
The plan is the same as the initial plan based on the preliminary survey. 

 

 
 

Fig. 2-8 Mrican Barrage 
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(3) Jatimlerek Small Hydroelectric Project (SHEP) 
a) Overview of Jatimlerek Rubber Dam 
Tab. 2-8 shows the overview of Jatimlerec Rubber Dam released by PJT1.  
 

Tab. 2-8 Specifications of Jatimlerec Rubber Dam 
 

1. Purpose  Raise water level of Brantas Middle reach at dry season for 
supplying irrigation 4.549 ha, together with Menturus Dam 
Increase crop intensity 

2. Rubber dam  
specification 

 Type of Operation : Air fill 
 Number of gates : 6 Height : 1.85 m 
 Bottom of width : 150 m 

3. Water level  
operation pattern 

 Low water level : 32.540  
 High water level : 32.790 
 Maximum water level : 32.980 
 Flood water level : 35.490  
 El. of bed : 30.390 

4. Rubber gate  
specification 

 Material : ethylene propylene diene 
 Thick : 9 mm 

5. Foundation  Type : Reif. Concrete 
 Length : 9.00 m 
 Width : 150 m  
 Foundation strengthen : PC pile 0.400 mm length = 15 m, 

Pile : Pile length = 10 m 
Source: PJT1: http://www.jasatirta1.go.id/english/ 

 
b) On-site Information on Development Plan for Jatimlerec SHEP and the Concept 

of Drawing up the Plan 
 Initial Plan based on Preliminary Survey 
Preliminary survey obtained information that a flow rate of 40 CMS is discharged to 
the downstream section of Rubber Dam throughout the year, and the minimum 
unexploited head is 6 m. Under the plan, electricity will be generated using the 
unexploited heads at upstream and downstream sections of Rubber Dam and the 
water that is steadily discharged to the lower reach of the river. While there are a 
control station and a river-wall that seems to have been filled to raise the ground 
level on the left bank of Rubber Dam, there is a large plot of ground on the right 
bank; thus, a power station is determined to be installed on the right bank. 

 Overview of the Management of Jatimlerec Rubber Dam by Public Works 
The control station located on the left bank of Jatimlerec Rubber Dam is controlling 
the water level of Rubber Dam. The role of the development of this dam is divided so 
that Public Works is in charge of construction, and PJT1 is in charge of maintenance 
and operation. (The dam will be handed over from Public Works to PJT1 after 
construction.) The purpose of construction by PJT1 is to maintain the functions of the 
dam. Public Works carries out construction if the purpose is to improve functions. 
Although the construction was completed in 1992, the transfer to PJT1 is yet to be 
completed, because there are problems in the rubber and other sections. The rubber 
ruptured during inspection and water gushed out in 2003. Three inspectors at the site 
were washed away and one of them was killed. Rehabilitation works were 
implemented from 2004 to 2006 (restoration works on rubber # 4, 5, and 6 and 
scouring restoration works on the downstream apron).  
The water level is checked by visually checking the display of the control board. The 
amount of discharge to the downstream section is calculated based on an h-Q curve.  
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 Concept of Jatimlerec SHEP Drawing up Development Plan based on On-site 
Investigations 
The development plan is the same as the initial plan that is based on the preliminary 
survey, because the manager confirmed that the right bank was just a riverbed with 
no Rubber Dam management facilities.  

 
 

Fig. 2-9 Jatimlerek Rubber Dam 
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(4) Menturus Small Hydroelectric Project (SHEP) 
a) Overview of Menturus Rubber Dam 
Tab. 2-9 shows the overview of Mentrus Rubber Dam released by PJT1, the managing 
firm of the facility. 
 

Tab. 2-9 Specifications of Menturus Rubber Dam 
 

1. Purpose  Raise water level of Brantas Middle reach at dry season for 
supplying irrigation 4.549 ha, together with Jatimlerek Dam.  

 Increase crop intensity. 
2. Rubber dam  

specification 
 Type of operation : Air fill 
 Number of Gate : 6 
 Width of bottom : 150 m 

3. Water level  
operation pattern 

 Low water level : 25.200 
 Height water level : 25.500 
 Maximum water level : 25.740 
 Flood water level : 27.900 
 El. of bed : 22.800 

4. Rubber gate  
specification 

 Material : ethylene propylene diene 
 Thick : 12 mm 

5. Foundation  Type : Reinf. Concrete 
 Length : 9.00 m 
 Width : 150 m 
 Pile : PC pile 0,400 mm length = 15 m 
 Sheet Pile : Steel sheet pile length = 10 m 

Source: PJT1: http://www.jasatirta1.go.id/english/ 
 

b) On-site Information on Development Plan for Menturus SHEP and the Concept 
of Drawing up the Plan 

 Initial Plan based on Preliminary Survey 
Preliminary survey obtained information that a flow rate of 34 CMS is discharged to 
the downstream section of Rubber Dam throughout the year, and the minimum 
unexploited head is 6 m. Under the plan, electricity was to be generated using the 
unexploited heads at upstream and downstream sections of Rubber Dam and the 
water that would be steadily discharged to the lower reach of the river.  

 Overview of Menturus Rubber Dam Management by PJT1 
The control station located on the left bank of Menturus Rubber Dam is controlling 
the water level of Rubber Dam. Restoration works on the riverbed of the downstream 
section of the dam and the river-walls on both sides of the river were being carried 
out during the on-site inspection (October 2008).  

 Concept of Menturus SHEP Development Plan based on On-site Investigations 
Since the concrete piles were being placed near the predetermined area for power 
station construction, we judged that development of a new hydroelectric power 
station would be difficult for a while; thus, we determined to proceed to the step up 
to understanding the potential capacity based on an examination of the facility size. 
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Fig. 2-10 Menturus Rubber Dam 
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(5) Mlirip Small Hydroelectric Project (SHEP) 
a) Overview of Mlirip Water Gate 

The data is not released from PJT1, the managing firm of the facility. 
b) On-site Information on Development Plan for Mlirip SHEP and the Concept of 

Drawing up the Plan 
 Initial Plan based on Preliminary Survey 
Preliminary survey obtained information that a flow rate of 20 CMS is discharged 
throughout the year, and the minimum unexploited head is 7 m. The facility uses the 
unexploited head at the water gate at the left bank of the midstream of the New 
Lengkong Barrage Reservoir and the water supplied to the city of Surabaya from the 
water gate. Based on on-site information, we heard from PJT1 that one of two water 
gates could be used for power generation; thus, the plan was drawn to install a power 
station at the downstream section of Mlirip Water Gate.  

 Overview of Water Gate Management 
The management station located on the right bank of New Lengkong Barrage is 
managing Mlirip Water Gate. No water level gauge is installed near Mlirip Water 
Gate. The role of Mlirip Water Gate is to supply at least 20 CMS to the city of 
Surabaya. Additional discharge is carried out when the water quality deteriorates in 
the city of Surabaya. Additional discharge is carried out upon a request from the city 
of Surabaya. 

 Concept of Mlirip SHEP Development Plan based on On-site Investigations 
As in the initial plan based on the preliminary plan, a power station is to be installed 
directly downstream from the gate.  

 

 
 

Fig. 2-11 Mlirip Water Gate 
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(6) New Lengkong Small Hydroelectric Project (SHEP) 
a) Overview of New Lengkong Barrage 

Tab. 2-10 shows the overview of New Lengkong Barrage released by PJT1, the 
managing firm of the facility.  
 

Tab. 2-10 Specifications of New Lengkong Barrage 
 

1. Purpose  Control of water level to supply water for industrial, 
drinking and flushing in Surabaya City 

 Flood control in Delta Brantas and irrigation area about 7000 
ha. 

 Supply for irrigation in Delta Brantas about 40.156 m3/sec. 
2. Hydrology data  Design Flood : 1,500 m³/sec. 

 Flood water level u/s : 19.20 m 
 d/s : 19.00 m 
 Normal water level : 17.90 m 

3. Main barrage  Length of weir : 151.00 m 
 Height of weir crest : 13.00 m 
 Height of pillar : 20.00 m 
 Concrete fill volume : 18,000 m³ 

4. Water Gate  Type : Sliding gate 
 Number of gates : 8 ( 1 flap gate) 
 Height : 5.00 m 
 Width : 11.1 m 

Source: PJT1: http://www.jasatirta1.go.id/english/ 
 

b) On-site Information on Development Plan for New Lengkong SHEP and the 
Concept of Drawing up the Plan 

 Initial Plan based on Preliminary Survey 
Preliminary survey obtained information that water is discharged at a flow rate of 25 
CMS for eight months per year, and the minimum unexploited head is 8 m. Under the 
plan, electricity will be generated using the unexploited heads at upstream and 
downstream sections of the barrage and the water that is steadily discharged to the 
lower reach of the river. There are intakes for irrigational canals on both sides of the 
upstream section of the barrage. An intake for power generation will be installed as a 
diversion from the intake of the irrigational canal on the right, since the right bank 
has slightly wider space. Under the plan, the water used for power generation will be 
discharged back to the Brantas River. A power station is to be installed on a wide plot 
of ground at the left bank.  

 Concept of New Lengkong SHEP Development Plan based on On-site Investigations 
The influence on the surrounding social environment is large, since the power station 
is located along a major road near the urban area of Surabaya, and office buildings 
are located on the other side of the river across from the road. Therefore, we judged 
that development of a new hydroelectric power station would be difficult for a while; 
thus, we determined to proceed to the step up to understanding the potential capacity 
based on the examination of the facility size. 
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Fig. 2-12 New Lengkong Barrage 
 
2.3 Environmental Impact 
2.3.1 Environmental Impact Analysis 

Indonesia’s Environmental Impact Analysis (AMDAL) was implemented in 1986 based 
on the provision in the old Environmental Management Law (enacted in 1982) that any 
business with a possibility of having a great impact on the environment must conduct an 
environmental impact assessment. The ordinance on Environmental Impact Analysis 
was enacted in 1993, which was then revised as Ordinance No. 27 in 1999.  
 

(1) Businesses Required to Conduct Environmental Impact Assessment 
Decree of the State Ministry for the Environment Number 17 of 2001 on “Types of 
business and/or activity plans that are required to be completed with the environmental 
impact assessment" states the types and scales of businesses that are required to conduct 
environmental impact assessments. This guideline is categorized in 14 types of sectors, 
including the Industrial Sector and Energy and Mineral Resources Sector, and applicable 
businesses must prepare the following four types of paperwork and obtain approval from 
the proper authorities.  

 
1. Environmental Impact Assessment Plan (referred to as KA-ANDAL) 
2. Environmental Impact Assessment Report (referred to as ANDAL) 
3. Environmental Management Plan (referred to as RKL) 
4. Environmental Monitoring Plan (referred to as RPL) 

 
This project deals with power generation business and is applicable to “Electricity” of 
the Energy and Mineral Resources Sector. Nonetheless, this project is not applicable as a 
project regulated in this guideline, because it is a plan for small-scale hydroelectric 
power generation that does not involve the construction of dams, and the power 
generation capacity is 2 MW or lower at each individual station, and the total of six 
locations is about 8 MW.  
As discussed later, even for a project that is exempt from environmental impact 
assessment, it is required to prepare and submit a certain environmental impact 
assessment report.  
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Tab. 2-11 shows details of guideline for "Electricity." 
 

Tab. 2-11 Applicable projects and activities of environmental impact assessment under 
“Mineral Resources Energy – Electricity Project” 

 
No. Nature of Project Applicable Scale 
1 Transmission line 150kV 
2 Power generation facility (diesel, natural gas, 

steam, and combined cycle)  
Power generation capacity  
100MW 

3 Geothermal power generation facility Power generation capacity  
55MW 

4 Hydroelectricity power generation facility Dam height  15m 
or space of reservoir  200ha 
or Power generation capacity  
50MW 

5 Other power generation facility (photovoltaic, 
wind, biomass etc.) 

Power generation capacity  
10MW 

(Source: Decree of the State Minister for Environment No.17/ 2001 on the types of Business 
and/or Activity Plans that are required to be completed with the Environmental Impact 
Assessment) 

 
(2) Procedure for Projects that are Exempt from Environmental Impact Assessment 

Even projects that are exempt from environmental impact assessment must implement 
environmental measures.  
Projects with a possibility of having certain influences on the environment must submit 
an Environmental Management Plan (referred to as UKL) and Environmental 
Monitoring Plan (referred to as UPL). Individual local governments designate types and 
scales of projects in regards to the necessity of submitting UKL and UPL. UKL and UPL 
are simplified versions of RKL and RPL, which are the procedures for Environmental 
Impact Assessment. 

 
2.3.2 Environmental Impact of Candidate Projects 

Since this project is not applicable as a project that is required to conduct environmental 
impact assessment, it is required to prepare and submit UKL and UPL instead. The 
following information was obtained from the proper authority, the local bureau of the 
Ministry for the Environment (province of East Java, Bapedalda) in regards to necessary 
procedures.  
 The vicinities of the project site are transformed lands such as agricultural lands 

without valuable species.  
 Since the project sites extend over multiple prefectures, UKL and UPL shall be 

submitted to Bapedalda of the prefecture of East Java instead of to individual 
prefectures.  

 
On-site investigation confirmed that all project sites were located within already 
transformed lands.  
The environmental impact of project sites will be assessed through preparation of UKL 
and UPL. Based on the small size of the facilities and the absence of new land 
transformation because of the utilization of existing rivers and irrigational canals, 
significant environmental impact is not expected.  
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Chapter 3 Meteorological and Geological Features 
 
3.1 Meteorological Data 
3.1.1 Overview 

The planned site of this study is located on the Brantas River. The Brantas River flows 
in a clockwise direction around Mt. Arjuno in the province of East Java, which is 
located in the eastern part of the island of Java. Java is one of the major islands of 
Indonesia, an island nation situated along the equator. 
Along the equator there are two air currents, the northeast trade winds belt from the 
northern hemisphere and the southeast trade winds belt from the southern hemisphere. 
Between these two air currents there is the west winds (westerlies) belt, which blows in 
a direction opposite to the northeast and southeast trade winds. Because the west winds 
belt moves north in the summer, a west wind begins to blow, bringing rain. In winter, the 
west winds belt moves south and an east wind blows, making the air dry. This seasonal 
reversal of wind direction is known as the 'monsoon'. 
 
In Indonesia, areas south of the province of West Java have summer (dry season), as 
discussed above, from June through October, and winter (the rainy season) from 
November through May. In the northern area of West Java Province, the west winds belt 
is prominent throughout the year, and there is not much seasonal variation in rainfall 
amounts. Humidity is generally high, averaging between 80 and 90% throughout the 
year. Temperatures also do not change much throughout the year; the average daily 
temperature is between 15 and 35 degrees Celsius. The yearly precipitation amount in 
low-lying areas is between approximately 1800 and 3200mm, and approximately 
6100mm in the mountains. 
 
In general, the rainy season in the Brantas River basin is from December through May 
(some reference works also give the rainy season as lasting from November through 
April), and the dry season is from June through November (some reference works also 
give May through October). Large-scale drought occurred in the Brantas River basin in 
1982 and 1987. There are reports of emergency measures having been enacted, such as 
stopping the supply of water to canal irrigation and prohibiting double cropping. 
 
While the Brantas River basin contains the meteorological monitoring station and water 
measurement station, PJT1, which carries out water resource management of the Brantas 
River, manages the monitoring stations shown in Fig. 3-1 (rainfall gauging: 23 
locations; river water levels (flow amounts): 10 locations; and monitoring stations built 
attached to dams (water level gauging, discharge amounts, etc.): 10 locations). (These 
values are continuously monitored by the PJT1 office in Malang City.) Fig. 3-2 shows a 
photograph of the monitoring system in place at the PJT1 office. 
The small-scale hydroelectric locations planned in this study are divided into upstream 
(1 location: Lodoyo AP SHEP), middle stream (1 location: Mrican SHEP) and 
downstream (4 locations: Jatimlerek SHEP, Menturus SHEP, Mlirip SHEP and New 
Lengkong SHEP) regions. In light of information such as whether data is continuously 
being recorded by local institutions, data from the observatories shown in Tab. 3-1 was 
obtained, and recent meteorological conditions in the vicinity of the planned sites were 
gathered as given in the next section and following. The measurement results from each 
meteorological monitoring station for the past ten years (1998-2007) are given in 
Appendix 3-1~4. 
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Fig. 3-1 Location of Rainfall Gauging Stations and Water Level Gauging Stations 
in Brantas River Basin (2004) 
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Fig. 3-2 PJT1’s Monitoring System of Meteorological Data etc. 
 

Tab. 3-1 Meteorological Data 
 

Name of Monitoring St. Candidate Hydropower Sites 
Bendungan Wlingi Upstream of the Brantas River 

(mainstream) 
Lodoyo AP SHEP 

Mojosari 
Kediri (only rainfall 
intensity) 

Middle stream of the Brantas 
River (mainstream) 

Mrican SHEP 

Nadirejo Downstream of the Brantas 
River (mainstream) 

Jatimlerek SHEP, Menturus SHEP, 
Mrican SHEP, New Lengkong SHEP 
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3.1.2 Temperature 
Temperature characteristics are shown in Tab. 3-2 and Fig. 3-3. As is shown in Tab. 3-2, 
there are no particular changes in characteristics from upstream to downstream of the 
Brantas River mainstream. The average yearly temperature is around 27 degrees Celsius, 
the maximum temperature is approximately 37.5 degrees and the minimum temperature 
is around 15 degrees. Throughout the year, temperatures are at their lowest during July 
and August, while high temperatures continue from November through April. 
 

Tab. 3-2 Characteristics in Temperature (1) 
Name of Monitoring St. Max. Min. Ave. Remarks 
Bendungan Wlingi Upstream of the Brantas River 

(mainstream) 
38.0 C 12.0 C 26.2 C  

Mojosari Middle stream of the Brantas 
River (mainstream) 

37.5 C 17.0 C 27.1 C  

Nadirejo Downstream of the Brantas 
River (mainstream) 

37.0 C 15.0 C 26.8 C  

 

Monthly Average Temperature (1998-2007)
* Records for the Mojosari meteorological monitoring station

lost for Feb. 2002, and for 2005-2007.
* Records for Bendungan Wlingi lost for Jan.-Jul., 2005.
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Fig. 3-3 Characteristics in Temperature (2) 
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3.1.3 Rainfall 
Rainfall characteristics are shown in Tab. 3-3 and Fig. 3-4. In the past ten years 
(1998-2007), 2003 posted the highest yearly rainfall totals (it is believed that a 
malfunction caused the Mojosari monitoring station not to register a maximum amount 
for 2003). Both 1999 and 2006 posted the lowest yearly rainfall totals. Throughout the 
year, rainfall amounts are high from November to April, and are low from May to 
October. This displays almost the same characteristics as the rainy season and dry 
season characteristics in the Brantas River basin as shown in 3.1.1Overview. 
 

Tab. 3-3 Characteristics in Rainfall (1) 

Name Area 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Bendungan  Wlingi Upstream Region 2,610    1,499    1,353    1,773    1,608    1,706    1,653    - 1,252    2,128    

Ngadirejo
Middle-Stream
Region 2,206    1,647    2,275    3,225    2,146    2,425    1,993    2,204    2,011    2,313    

Kediri
Middle-Stream
Region 2,440    1,923    2,137    -            1,399    1,807    1,569    1,200    1,806    1,557    

Mojosari
Downstream
Region 2,206    1,284    1,473    957       - 1,832    651       1,983    - -

(unit:mm)

 
 

Average Monthly Rainfall Intensity (1998-2007)
* Records for the Mojosari meteorological monitoring station

lost for Feb. 2002, and 2005-2007.
* Records for the Bendungan Wlingi meteorological monitoring station

lost for Jan.-Jul., 2005.
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Fig. 3-4 Characteristics in Rainfall (2) 
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3.2 Geology 
3.2.1 Topographical Features 

The Brantas River forms a major basin draining the eastern part of the island of Java. 
Flowing down in a clockwise direction around the foothills of a major volcanic region 
with elevations of 3,000 meters or higher, the Brantas River is the second major river on 
Java Island, emptying into the Madura Strait, which is fronted by the city of Surabaya. 
The land area of the basin is approximately 11,800km2, and the Brantas River channel 
length is approximately 320km. The basin is bordered to the east by the Semeru volcano, 
to the west by the Wilis volcano, and to the south by the Kedu hill region of 300 to 500 
meters in elevation. As mentioned above, because the Brantas River flows around the 
eastern part of the island of Java, the Brantas River channel length is relatively longer 
than the width of Java Island itself (approximately 100km). The average riverbed slope 
is 1/800 in the upstream region, from 1/1,250 to 1/1,900 in the middle stream, and 
1/3,000 downstream. 
 
A geographical map of the Brantas River and its environs is shown in Fig. 3-5. 



3-7 

 
Source: ESRI  Data & Maps Global Imagery Shaded Relief Asia & Australia 

 
Fig. 3-5 Geographical Map around Brantas River Basin 

 
The principal tributaries flowing into the Brantas River are, from upstream down, the 
Lesti River (basin area of 625km2), the Ngrowo River (1,600km2), the Konto River 
(687km2) and the Widas River (1,538km2). As the Brantas River is joined by these 
tributaries, the downstream flow direction changes from south to west to north-northeast 
to east. 
The Brantas River flows along volcanic foothills from its upstream regions until it 
reaches the sea. Because there is much volcanic ash and sediment produced by eruptions 
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of these volcanoes, the Brantas River basin is an extremely active region for the activity 
of sedimentary erosion, transportation and deposition (accumulation). 
For this reason, the Wlingi reservoir in the middle stream region has been almost 
completely buried by mud flows formed from sediment erupting from volcanoes. 
Operations were stopped in March of 1990 because the reservoir was almost completely 
buried under and a portion of the sediment had flowed into the water pressure steel 
tubing and the water turbine. 
 

3.2.2 Geological Features 
(1) Surface Geology 

The Brantas River basin encompasses a volcanic grouping which includes such 
volcanoes as the Semeru volcano, the Wilis volcano and the Kelud volcano. Because of 
this volcanic influence, almost all surface geology is comprised of fourth-stage volcanic 
sediment. 

(2) Base Rock Geology 
On the other hand, igneous rock is widely distributed as the base rock geology. Igneous 
rock forms the base rock of the entire island of Java. Fig. 3-6 shows a broad-region 
geological map of Java Island and its environs. 

 

 
Source: Topographic Engineering Center, 

http://www.tec.army.mil/Merapi/maps/Geo_Map_Djawa_and_Madura.jpg) 
 

Fig. 3-6 Geological Map around Java Island 
Within the volcanic region, the Kelud volcano is an active volcano which continues to 
erupt on a recurring cycle of every 15 to 30 years. Most recently, the Kelud volcano 
erupted in 1966 and again in 1990. According to a study conducted by the Indonesian 
Ministry of Mining and Energy, it is estimated that a tremendous amount of sediment 
was ejected during each of these two eruptions: approximately 90 million cubic meters 
in 1966, and approximately 125 million cubic meters in 1990. 
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(3) Tectonics 
Under the sea along the southern coastline of Indonesia from Sumatra Island to Java 
Island, the Indian Plate is being subsumed under the Eurasian Plate, forming a boundary 
between these two plates. For this reason, the Java Trench, which is as much as 7,000 
meters deep, exists off the southern coast of the islands. Both Sumatra Island and Java 
Island stretch parallel to this trench. This forms a so-called 'island arc-trench system'. 
These tectonics are, in a large-scale sense, the same as those in Japan, where the 
Eurasian Plate borders the Japan Trench where it meets the Pacific Plate under the sea 
off the coasts of Hokkaido, Honshu and Kyushu; Japan is also where the Eurasian Plate 
and the Philippine Sea Plate meet. 
 
Similarly, the volcanic cluster is distributed along a line parallel to the island arc. As 
mentioned above, there are many volcanoes in this cluster that continue to be active 
even today. 

(4) Disasters related to tectonics 
Because of these kinds of tectonics, the eastern part of the island of Java is a region 
subject to frequent plate-border earthquakes. The classic seismic event in this area was 
the Sumatra Undersea Earthquake, which occurred on December 26, 2004, and 
registered M9.0. This earthquake was among the most powerful of all earthquakes ever 
recorded. Damage was not limited only to that caused by the shaking of the earthquake 
itself. It is still fresh in our memories that 220,000 people fell victim to the damage 
wrought by the subsequent tsunami. During this earthquake, a plate boundary fault of 
560km in length and 50km in width was displaced by 13m, all along the fault line. 
Because of geology and tectonics such as this, the island of Java is prone to building 
collapse, landslides and tsunami damage caused by earthquakes, mudslides (earth and 
rock slides) caused by volcanic activity, damage caused by pyroclastic flows, the 
burying under of reservoirs, and other disasters. 
As shown in the earthquake hazard map (Fig. 3-7), prepared by the Global Seismic 
Hazard Assessment Program (GSHAP), the islands of Sumatra and Java are high-risk 
areas, with a hazard index of from 2 to 4. 
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Source: Global Seismic Hazard Assessment Program,  

http://www.seismo.ethz.ch/GSHAP/swpacific/swpac.gif) 
 

Fig. 3-7 Earthquake Hazard Map around Indonesia 
 
References: 
1) Nippon Koei, Koei Research Institute: Indonesia   Brantas River Development, 1997. 
2) Encarta Encyclopedia: Climate, Indonesia 
3) ASEAN-Japan Centre: ASEAN Member Countries Investment Guide, Indonesia, 

http://www.asean.or.jp/invest/guide/indonesia/1-01.html. 
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Chapter 4 Scheme of Candidate Projects 
 
4.1 Methodology of Planning 

We studied projects based on the flow chart shown in Fig. 4-1. 
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Fig. 4-1 Flowchart of Planning in the Study 
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4.2 Electromechanical Planning 
4.2.1 Selection of the Type of Water Turbines and Generators 

According to the information obtained before the main investigation, the head at the 
target site is about 5 to 10 m, and available flow is about 20 to 50 CMS. According to 
Fig. 4-2, conduit-style bulb water turbines and S-shaped tubular water turbines are 
possible candidates when a single unit is to be employed, whereas package-type bulb 
water turbines, vertical tubular water turbines, S-shaped tubular water turbines, and 
submersible pump water turbines are possible candidates when multiple units are to be 
employed. 

 
Source: New Energy Foundation, Hydroelectricity Headquarters: Medium to Small 

Hydroelectric Power Generation Guidebook (new revision, 5th edition), February 
2002. 

 
Fig. 4-2 Selection of the Type of Water Turbines 
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Based on the following perspectives, this investigation employed submergible turbines 
(multiple units), a type of submersible pump water turbine.  
1) The structure of a submergible turbine is a package-style that combines a turbine and 

a generator. Turbines are manufactured in Japan, and complete packages are 
transported to locations of installation and installed using cranes. The only work 
required at the installation site are fixing the turbine on the turbine sheet and 
adjusting the blades. Installation and adjustment of common water turbines require 
sufficient precision to ensure the efficiency expected in the design and stable 
operation. Maximum output of the target site of this investigation is about 3,000 kW, 
and the investment is also small. Thus, a large portion of the work is carried out by 
local contractors. The quality of submergible turbines is seldom affected by the 
technological levels of the country where development sites are located, because 
there are few processes that need to be done at the installation site. In other words, 
submergible turbine generators are able to minimize the risk that is associated with 
the water turbine-related technologies of the country where the development site is 
located.  

2) It is important to minimize the effects on existing water use in developments that 
install new power stations at existing irrigational canals where water is being used, as 
in this investigation. Use of submergible turbines eliminates the necessity of 
buildings for power generation facilities, and it involves simple installation and 
adjustment of water turbine units as discussed above. Therefore, the work period is 
generally short (about a few months per site), and the impact on local water use is 
smaller than common types of water turbine generators.  

We employed induction generators for the following reasons: they can be connected to 
large capacity transmission systems so that frequency and voltage adjustments are 
unnecessary; low cost; the structure is simple and highly reliable; and maintenance is 
easy. In regards to voltage fluctuation during parallel-in operation, which is often 
anticipated in induction generators, the influence is expected to be small because the 
power generation capacity will be much smaller than the system capacity. Submergible 
turbines with built-in induction generators are called submersible turbine generators 
below. Fig. 4-3 and Fig. 4-4 show an installation example of a submersible turbine 
generator and its structure.  

 
Source: Eaml Engineering Co., Ltd.: Submersible Turbine Generator, 

http://www.eaml.co.jp/catalog/suityu.pdf 
 

Fig. 4-3 Installation Example of the Submersible Turbine and Generator 
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Source: Eaml Engineering Co., Ltd.: Submersible Turbine Generator, 

http://www.eaml.co.jp/catalog/suityu.pdf 
 

Fig. 4-4 Submersible Turbine and Generator 
 
Fig. 4-5 shows a type of submersible turbine and generator that uses an induction 
generator, as well as its flow capacity and applicable range of effective head. Also, Fig. 
4-6 shows the concept of type selection in this investigation.  
 

 
Source: Eaml Engineering Co., Ltd.: Submersible Turbine Generator, 

http://www.eaml.co.jp/catalog/suityu.pdf 
 

Fig. 4-5 Applicable Range of Submersible Turbine 
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Prepared data
Frequency, flow rate, effective head
Determine maximum head (based on local data) and minimum 
head (minimum effective head (70 % of the maximum effective 
head)) 

Set up generator/guide vane/blade angle based on turbine type + frequency + 
rotation speed and combination table (generator list by turbine types) 

Calculate turbine generator type efficiency

Select turbine type + output based on the model selection curve

Check turbine type + output + rotation speed based on total performance curve

Prepared data
Frequency, flow rate, effective head
Determine maximum head (based on local data) and minimum 
head (minimum effective head (70 % of the maximum effective 
head)) 

Set up generator/guide vane/blade angle based on turbine type + frequency + 
rotation speed and combination table (generator list by turbine types) 

Calculate turbine generator type efficiency

Select turbine type + output based on the model selection curve

Check turbine type + output + rotation speed based on total performance curve

Prepared data
Frequency, flow rate, effective head
Determine maximum head (based on local data) and minimum 
head (minimum effective head (70 % of the maximum effective 
head)) 

Set up generator/guide vane/blade angle based on turbine type + frequency + 
rotation speed and combination table (generator list by turbine types) 

Calculate turbine generator type efficiency

Select turbine type + output based on the model selection curve

Check turbine type + output + rotation speed based on total performance curve

 
Fig. 4-6 Selection of the Type of Submersible Turbine 

 
4.2.2 Grid Connection 

All electricity generated in the target hydroelectric power station in this investigation 
will be sold to PLN. According to PLN JAWA TIMUR, which controls the local power 
transmission and distribution, the target power station will be connected to the Java-Bali 
System.  
Upon employing the submersible turbine generator discussed in this investigation, Tab. 
4-1 shows the points studied from the perspectives of interconnection of power systems, 
information obtained in the on-site investigation, and corresponding policy based on 
such information. The evaluation criteria in Tab. 4-1 are selected based on Japan’s 
system interconnection technologies. In this investigation, conditions are revised as 
necessary based on the investigation results of the current status of Indonesia. 
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Tab. 4-1 Study on Grid Connection  

 
Category Details of study and cautions 

(Set up based on Japanese rules) 
Information during on-site 

investigation 
Action policy based on 

investigation result 
1. Selection of 

machine types 
Determined based on effective head and 
maximum flow rate to be used. 

2. Power factor Need to verify constant power factor to 
secure 85 % at connection points. If 85 % 
cannot be secured, consider installation of a 
phase advanced capacitor. 

Estimate lowest head based 
on overview and check the 
order of power factor. 
Select machines with extra 
capacity as much as 
possible. Required power 
factor of the system is 0.85 - 
0.9.  

Assume that the minimum 
head is about 70 % of the 
maximum head, and do not 
specifically study power 
factor. The cost of phase 
advanced capacitor was 
appropriated for safety. 

3. Installation of 
active isolated 
operation 
prevention unit 

It is necessary to install an active isolated 
operation device besides voltage relays and 
frequency relays (passive isolated operation 
prevention unit). 

Because blackout frequently 
occurs, isolated operation 
prevention unit is necessary 
to ensure safety. The unit 
doesn't have to be an active 
type. 

The plan included the cost of 
installing only a passive 
isolated operation prevention 
unit. 

 Voltage fluctuation at low-voltage demand 
side due to fallout of power station and 
reverse power flow 

We could not obtain the % 
impedance map of power 
transmission and 
distribution network near 
the development points. 

4. Voltage 
fluctuation 

 Voltage fluctuation of a system due to 
instantaneous voltage drop during 
parallel-in operation of power generating 
devices is within 10 % of the usual 
voltage.  

It is from -10 to +5%. 

The plan is to include 
installation of current 
limiting reactor as a measure 
against voltage fluctuation 
during parallel operation. 

5. Short circuit 
capacity  

Install a current limiting reactor if power 
generating devices exceed the breaker 
capacity of others.  

The % impedance map was 
unavailable and we couldn’t 
obtain one. 

Consider installation of 
current limiting reactor as a 
presumption. 

6. Installation of 
protective relay 

1. System protective voltage relay and 
under-voltage relay in case of 
malfunctions in power generation device 

2. Protection in case of short circuit in 
system 
Under-voltage relay 

3. Protection in case of short circuit 
accident in system 
Grounding overvoltage relay 

4. Short circuit accident within power 
station  
Overload relay or high-voltage current 
limiting fuse 

5. Grounding fault within power station 
Ground directional relay 

7. Installation of a 
line voltage 
detector 

Install a line voltage detector in the 
substation (power station) on the power 
source side. 

Protective relay is required 
when systems are 
interconnected. 

The plan is to install 
protective relays. 

8. Telephone for 
security 
communication 

Install a telephone for security 
communication with business office (one that 
can be used during power outage). 

- 

9. Connecting 
system 

Division switch must be installed at security 
responsibility division point. 

- 

The whole cost is 
appropriated as other cost. 

 
According to on-site interviews, business owners are responsible for the cost of 
installing transmission lines to the connection points. We also confirmed that the 
standard for setting up the demarcation point of maintenance and management was at 
the location of PLN’s power receiving meter. In other words, PLN will be responsible 
for the maintenance and management of transmission lines located towards the system 
beyond a PLN meter, even if the transmission lines are additionally installed. For 
example, this situation applies when the transmission lines up to the connection point of 
the system can be used as distribution lines to nearby residents.  
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4.2.3 Control of Power Station 
This investigation targets small-scale power stations with an individual capacity of about 
3,000 kW; thus, the standard will be an occasional monitoring control method. From the 
perspective of cost reduction, there will be no system that implements control from a 
control center. In such cases, accidents and malfunctions will be handled locally. Thus, 
only necessary displays and warnings are selected to be sent to the main operation office, 
because local verifications will be sufficient to handle detailed warnings. Malfunctions 
are displayed individually based on a submersible turbine generator, intake gate, and 
individual equipment so that the locations of malfunctions can be recognized. Only 
active power of the generator will be measured. Tab. 4-2 and Tab. 4-3 show the details. 

 
Tab. 4-2 Study on Control 

Category of Control Reason 
No control items (Control of start/stop operation) 

 Devices are always checked on-site after malfunction, and they can be 
manipulated then on-site. 

 Malfunctions are restartable during system accident.  
 It is a small-capacity power station and not a necessary power source. 
 There is no necessity of adjusting flow rate and power generation depending on 

season and time. 
 There are three power stations without restriction in Chugoku Electric Power, 

and they are operating without any problems. 
 Reduction of construction and maintenance cost 

 
Tab. 4-3 Display Items on a Control Panel  

Display Category Reason for Selection Comment 
Parallel breaker of 
generator 
OFF  

 Check ON/OFF status of a breaker 
 Check breaker operation during system accident or 

device error 

 

Voltage-side of transformer 
LBS  
OFF 

 Check ON/OFF status 
 Check ON/OFF operation during device error 

 

G Serious malfunction To understand errors on water turbines and generators.  
Restartable error Restart a device upon system accident, because remote 

control is unavailable.  
(need to coordinate with power distribution) 

System accident 

Intake gate error Because on-site handling is required in case of intake gate 
error 

Detect errors of 
open/close 
movement of 
intake gate 

Device error To understand errors on devices other than water turbine, 
generator, or inlet valve. 

 

Ground fault Warning of accident that will not restart  
Lowered water level in 
tank 

Provide a category, since it is a warning that does not 
indicate a device malfunction. 

 

Transfer circuit breaking Check operation of transfer circuit breaking  
Communication error To clarify errors in communication devices  
Active power of generator Check generator output  Check operation 

status 
 Able to check 
trend and 
understand 
lowered output 
due to garbage 
or other 
obstructions 

 



4-8 

4.3 Calculation of Initial Project Cost 
4.3.1 Civil Engineering and Metal Works Cost 

The unit costs of main procedures and other setup methods for calculating construction 
costs are described below. These are estimates based on interviews on the market rates 
of the Indonesia. 
1) Access Roads: Ground leveling cost + Asphalt pavement cost. The entire expense is 

calculated as the cost of an access road from the existing road based on on-site 
information. The cost for New Lengkong SHEP is twice that of other sites, because 
during on-site investigation we confirmed heavy traffic flow that was equivalent to 
national roads. 

2) Existing Roads: Ground leveling cost + cost of subgrade + cost of roadbed + 
pavement cost. Based on on-site information, the entire process was calculated as a 
restoration cost in case the existing roads are excavated for constructions. The cost 
for New Lengkong SHEP is twice that of other sites, because during on-site 
investigation we confirmed heavy traffic flow that was equivalent to national roads. 

3) Temporary Buildings: The entire expense is calculated as office construction cost 
based on on-site information. 

4) Coffering: Cost of sandbags + sand-filling cost + installation cost 
5) Removing Coffer: Cost of removing sandbags + sandbag disposal cost + sand 

transportation cost 
6) Excavation: Excavation cost + loading cost + transportation cost + sediment 

disposal cost Rocks and dirt are separately calculated. Breaking concrete is 
considered the same as rocks and the construction type is not considered here.  

7) Backfill: Loading cost + transportation cost + refilling cost + compacting cost 
8) Concrete: Cost of concrete material + placing cost + curing cost + fill-up cost + 

supporting cost 
9) Reinforcement Bar: Cost of reinforcement materials + cost of processing 

reinforcements + cost of on-site assembly of reinforcements 
10) Steel Sheet Pile, Steel Pipe Pile: Cost of materials + installation cost. This 

procedure was selected as construction type because piles are used in the target 
barrages.  

11) Gate/Trash Rack: Cost of design + cost of in-factory fabrication + installation cost 
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4.3.2 Electromechanical Cost 
Electromechanical cost was calculated by adding the following work costs.  
1) Submersible turbine generator manufacturing cost (ex work) 

Obtained information from a Japanese manufacturer. The cost of ex work is 
calculated.  

2) Transporting cost of submersible turbine generators (including insurance cost) 
Information is obtained from a Japanese transportation firm based on the size and 
weight shown in Tab. 4-4 and Tab. 4-5. Lifting equipment in the factory are to be 
used to carry units at the factory, and cost is estimated as free-on-truck at a local port 
(transport cost up to Malang, the major city near the power station). This calculation 
includes costs of packaging, transportation in Japan, Shanghai, and Indonesia, as well 
as other costs involved in import and export. JETRO informed us that the costs 
involved in import and export would be ordinary costs, since the Japanese 
import/export regulation does not apply to submersible turbines when exporting to 
Indonesia.  
 

Tab. 4-4 Dimensions and Weight of Submersible Turbines (1/2) 
Size (mm) Weight (kg)  

Type Maximum 
diameter Height Generator 

section 
Turbine 
section 

Accelerator 
section Total weight 

EL7620/705/350  1,540  3,790  950  2,900  1,800  5,650  
EL7620/735/350  1,540  3,930  1,100  2,900  1,800  5,800  
EL7620/765/350  1,540  4,050  1,250  2,900  1,800  5,950  
EL7620/805/350  1,540  4,070  1,700  2,900  1,800  6,400  
EL7620/835/350  1,540  4,210  1,900  2,900  1,800  6,600  
EL7620/865/350  1,540  4,350  2,100  2,900  1,800  6,800  
EL7620/905/350  1,540  4,230  2,500/2,700  2,900  1,800  7,200/7,400  
EL7620/935/350  1,540  4,430  3,100/3,300  2,900  1,800  7,800/8,000  
EL7620/805/360  1,540  4,140  1,700  2,900  2,000  6,600  
EL7620/835/360  1,540  4,280  1,900  2,900  2,000  6,800  
EL7620/865/360  1,540  4,420  2,100  2,900  2,000  7,000  
EL7620/935/360  1,540  4,295  2,500/2,700  2,900  2,000  7,400/7,600  
EL7620/905/360  1,540  4,495  3,100/3,300  2,900  2,000  7,800/8,000  
EL7620/80-60-6/360  1,540  4,420  3,900  2,900  2,000  8,800  
EL7620/80-75-6/360  1,540  4,570  4,800  2,900  2,000  9,700  
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Tab. 4-5 Dimensions and Weight of Submersible Turbines (2/2) 

Size (mm) Weight (kg) 
Type Maximum 

diameter Height Generator 
section 

Turbine 
section 

Accelerator 
section Total weight 

EL7650/735/350  1,940  4,125  1,100  5,500  1,800  8,400  
EL7650/765/350  1,940  4,245  1,250  5,500  1,800  8,550  
EL7650/805/350  1,940  4,140  1,700  5,500  1,800  9,000  
EL7650/835/350  1,340  4,280  1,900  5,500  1,800  9,200  
EL7650/865/350  1,940  4,420  2,100  5,500  1,800  9,400  
EL7650/905/350  1,940  4,400  2,500/2,700  5,500  1,800  9,800/10,000  
EL7650/935/350  1,940  4,600  3,100/3,300  5,500  1,800  10,400/10,600  
EL7650/805/360  1,940  4,310  1,700  5,500  2,000  9,200  
EL7650/835/360  1,940  4,450  1,900  5,500  2,000  9,400  
EL7650/865/360  1,940  4,590  2,100  5,500  2,000  9,600  
EL7650/905/360  1,940  4,465  2,500/2,700  5,500  2,000  10,000/10,200  
EL7650/935/360  1,940  4,665  3,100/3,300  5,500  2,000  10,600/10,800  
EL7650/80-60-6/360  1,940  4,590  3,900  5,500  2,000  11,400  
EL7650/80-75-6/360  1,940  4,745  4,800  5,500  2,000  12,300  

 
3) Tariff on submersible turbines 

We confirmed with JETRO that the tariff rate on water turbine generators (1,000 kW 
or lower) was 0 %.  

4) Installation cost of submersible turbine generator 
About five technicians from Indonesia are to spend about two weeks to install the 
units. Costs of installation cranes and other necessary equipment are included in 
calculation. 

5) Costs of design, manufacturing, and installation of switch gear (including main 
transformer) 
Costs of manufacturing and installation of switchgears and other devices (including 
major transformers) are to be procured in Indonesia based on Tab. 4-6. Costs of 
equipment installation such as lightening arresters and cost of materials, as well as 
switch gear design are included in calculation. 
Cost of individual operation prevention devices at Indonesia is also included. A 
similar concept is applied to control panels and other equipment. 

6) Cost of system connection 
We discussed connections of individual power stations with local PLN. They told us 
that study by PLN was usually implemented after IPP businesses made a decision; 
thus we were unable to specify a construction demarcation point with PLN. The cost 
was thus included based on on-site information. 
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Tab. 4-6 Specifications of Switchgears etc. 

Group Product name Specification 
Metal-enclosed 
switchgear 

Except for isolated operation device (bus 480 V)  

Water turbine control 
panel 

Sequencer (Mitsubishi Micro Sequencer FX2N, etc.), fixed blade 
specification 

Step-up Tr  Oil-immersed self-cooled, 140 kVA，480 V/6.6 kV  
LBS with fuse 7.2 kV，12.5 kA，G40A (fuse)  
Transfer breaker CDT (two units)  
6.6 kV cable CVT22sq (from step-up Tr to bus)  

Switchgear 

Control cable CVV-S  
Lightning arrester  Lightning arrester  8.4 kV，10 kA  
Isolated operation 
prevention unit  

Isolated operation 
prevention unit  

Made by San-Eisha (including special Tr, Ct, VT)  

 
7) The plan assumes that units are locally manufactured based on the design of the 

Japanese manufacturer and transported and installed by local technicians. Costs of 
design, manufacturing, installation, and inspection are included.  

8) Cost of design, manufacturing, installation, and adjustment of draft tube 
The plan assumes that units are locally manufactured based on the design of the 
Japanese manufacturer and transported and installed by local technicians. Costs of 
design, manufacturing, installation, and inspection are included.  

9) Cost of field test 
Only necessary items are assumed as contents of the test. Local technicians in 
Indonesia are to conduct the test. Labor costs and the costs of test equipment are 
included. 

10) Installation cost of submersible turbine generator and cost of training for the test 
As costs of inspection and training, the calculation included (1) in-factory 
inspection including the size of draft and turbine sheet, (2) installation confirmation 
of the draft (elevation, etc.), (3) and installation confirmation of the turbine sheet 
(elevation, etc.).  

 
4.3.3 Legal Procedure Cost 

Development in Indonesia involves business approval, construction permission, 
permission to use water, and environmental procedures (UKL/UPL). The entire cost is 
included as costs for procedures based on the on-site interviews.  

 

4.3.4 Compensation Related Cost 
Based on cases of other developments, the entire compensation-related cost is included 
as costs involved in land compensation and compensation for traffic regulation during 
construction that are generally required in Indonesia. 
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4.3.5 Calculation Methodology of Construction Cost 

With consideration for the conditions above, categories in Tab. 4-7 summarize the 
development costs of individual power stations. 
 

Tab. 4-7 Calculation Sheet 
Turbine
Gen. power

Max Output (kW)
Max Discharge (CMS)
Net Head (m)
Annual Generation (GWh)

Work Items Cost (IDR)
I. Preparattion Works
II. CIVIL WORKS
III. Metal Works
IV. Generating Equipment
V. Transmission Line and Sub- Station
VI. Land Acquisition and Conpensation,
Legal Procedure and others
Total  
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4.4 Calculation of Generating Power 
4.4.1  Selection of Discharge Data for Planning 

We investigated data of flow rates that are locally stored and determined data to be used in 
study based on Fig. 4-7. 

Daily flow 
rate data

Is daily flow rate 
data available? 

Is 10-day average 
flow data available? 

10-day average 
flow rate data

Values obtained 
from PJT1

Yes

Yes

No

No

Daily flow 
rate data

Is daily flow rate 
data available? 

Is 10-day average 
flow data available? 

10-day average 
flow rate data

Values obtained 
from PJT1

Yes

Yes

No

No

 
 

Fig. 4-7 Selection Method of Discharge Data 
 

4.4.2 Calculation of Gross Head 
Based on on-site intake and discharge levels measured using a level gauge, daily total 
head is obtained using data recorded by PJT1 and other organizations. (Daily intake 
level is obtained by comparing values and times of measurement recorded by PJT1 and 
by correcting the past data.) Based on the existing drawings, discharge level is estimated 
by a calculation of uniform flow using the discharge level and flow rate at the time of 
measurement. The total head is obtained by subtracting the discharge level from the 
intake level. 

 

4.4.3 Calculation of Net Head 
(1) Preliminary study 

The head loss of 0.5 m is included based on past performance.  
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(2) Detailed study 
We created outlines of optimum scale designs and calculated based on the water level at 
the time of measurement using Tab. 4-8. 
 

Tab. 4-8 Calculation Sheet of Net Head 

Ｑ ： flow rate m3/s
Ｂ ： width of the inlet m
Ｈ ： depth at the inlet m
ｖ ： flow velocity upstream of the trashback

／ （ × ）
／ （ × ）

＝ m/s
ｇ ： gravity accerelation
fe ： co-efficient

2

2 ×

＝ m

　
Ｑ ： flow rate m3/s
θ ：

slope of bar θ ° ′ ″ °
sinθ＝

ｂ ： width between adjacent bars m
ｔ ： thickness of a bar m
Ｂ ： cross section width of flow Ｂ m
Ｈ ： cross section height of flow Ｈ m
ｖ ： flow velocity upstream of the trashback

／ （ × ）

＝ m/s
ｇ ： gravity accerelation

2

2 ×

＝ m

　
＝ m

　
Ｑ ： flow rate m3/s
Ｂ ： cross section width of flow Ｂ m
Ｈ ： cross section height of flow Ｈ m
ｖ ： flow velocity upstream of the trashback

／ （ × ）

＝ m/s
ｇ ： gravity accerelation

2

2 ×
＝ m

　

Total m

Sum of A-D
Loss Head (others) m Emrerical add rate 5% (Headtank, Tailrace and others)

Loss before turbine (C )

Loss Head (caluulated)

＝

Ｑ Ｂ Ｈ

Loss at Inlet (A)

Outlet (D)

Effective Head

Input Data

hb ＝

Ｑ

co-efficient based on cross section shape

Loss at Inlet Trash Rack (B)

)b g) 4/3
× ( ｖ

9.80665

hb ＝ β × sinθ × ( ｔ

Ｂ Ｈ

0
0

)g

Value

Gross Head m

W.L. upstream inlet EL.m
EL.m

Item

W.L. downstream outlet

g

Loss Head (others) m Emrerical add rate 5% (Headtank, Tailrace and others)
Net Head m
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4.5 Lodoyo AP Small Hydroelectric Project (SHEP) 
4.5.1 Outline 

In the development at Lodoyo AP, a barrage of a height that will not affect the discharge 
level of the power station will be installed inside the discharge canal (directly 
downstream from the afterbay) of the existing Lodoyo Power Station (owned by PJB) 
which is located on the right bank of the existing Lodoyo Barrage (owned by PJT1) at 
the Brantas River of the Brantas River System. Lodoyo AP is a power generation plan 
that utilizes the differences between the water levels retained by the dam and at the 
downstream section of Lodoyo Barrage and the water used at and discharged from the 
existing Lodoyo Power Station.  
In Lodoyo AP, of the water used at and discharged from the existing Lodoyo Power 
Station, a maximum of 48.00 m3/sec is taken in from the intake installed at the right 
bank of the new dam. Using a head that is about 4 m high, four submersible turbine 
generators (made in Japan) will generate a maximum of 1,550 kW of electricity. The 
water used in power generation will be discharged into the Brantas River (near the point 
of confluence with the discharge outlet of the existing Lodoyo Power Station).  

4.5.2 Maximum Output 
Of the available data on the amount of water used for power generation at Lodoyo 
Power Station, the basic existing facility, we studied the scale of power generation using 
the monthly average flow rate in 2002 that indicates the status of average flow and 
determined the maximum amount of water usage to be 48.00 m3/sec.  
Fig. 4-8 shows the result of the study. 

Category Unit Studied case

Maximum water use m3/s 24.0 36.0 48.0 60.0

Maximum output kW 770                      1,160                   1,550                   1,940                   

Possible generating power per year MWh 6,230                   9,340                   12,170                 12,170                 

Construction cost million Rp 34,365.6 46,233.6 58,000.7 69,881.3

Construction unit cost per kWh Rp/kWh 551.6 495.0 476.6 574.2

13.7 27.4 41.1 54.8

0

10000

20000

30000

40000

50000

60000

0 10 20 30 40 50 60
Water use

Po
ss

ib
le

 g
en

er
at

in
g 

po
w

er
 p

er
 y

ea
r (

kW
h)

C
on

st
ru

ct
io

n 
co

st
 (M

ill
io

n 
R

p.
)

0

50

100

150

200

250

300

350

400

450

500

C
on

st
ru

ct
io

n 
un

it 
co

st
 p

er
 k

W
h 

(R
p/

kW
h)

Possible generating power per year
Construction cost
Construction unit cost per kWh

 
 

Fig. 4-8 Study on the Optimum Scale (Lodoyo AP SHEP) 
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4.5.3 Detailed Planning 

Appendix 4-1 shows the overview. Fig. 4-9 shows the calculation result of effective 
head, Fig. 4-10 and Fig. 4-11 show the calculation result of generating power, and Tab. 
4-9 shows the calculation result of construction cost.  
The maximum output is 1.43 MW, the annual generating power is 10.44 GWh, and 
development cost is 54.855 billion IDR.  
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Fig. 4-9 Calculation of Effective Head (Lodoyo AP SHEP) 
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Fig. 4-10 Calculation Result of Generating Power (Timeline) (Lodoyo AP SHEP) 
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Fig. 4-11 Calculation Result of Generating Power  

(Descending Order in Water-flow) (Lodoyo AP SHEP) 
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Tab. 4-9 Breakdown of Investment Cost (Lodoyo AP SHEP) 

Turbine EL7650x4
Gen. power 400

Max Output (kW) 1,430
Max Discharge (CMS) 46.2
Net Head (m) 3.77
Annual Generation (GWh) 10.44

Work Items Cost (IDR)
I. Preparattion Works 1,296,734,000
II. CIVIL WORKS 12,683,945,000
III. Metal Works 1,585,920,000
IV. Generating Equipment 27,009,600,000
V. Transmission Line and Sub- Station 108,500,000
VI. Land Acquisition and
Conpensation, Legal Procedure and 12,171,174,750

Total 54,855,873,750  
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4.6 Mrican Small Hydroelectric Project (SHEP) 
4.6.1 Outline 

Mrican Point is a hydroelectricity generation project that utilizes the difference in water 
levels between the upstream and downstream sections of the existing Mrican Barrage 
facility (owned by PJT1) at the Brantas River of the Brantas River System, and the 
water discharged to the downstream section without being taken in to the existing 
irrigational canal that is located directly upstream of the Barrage.  
In Mrican, of the water used at and discharged from the existing Mrican Barrage, a 
maximum of 23.40 m3/sec is taken in from the intake installed at the right bank of the 
Barrage. Using the head that is about 9 m high, three submersible turbine generators 
(made in Japan) will generate a maximum of 1,730 kW of electricity. The water used in 
power generation will be discharged into the Brantas River (directly downstream from 
the Mrican Barrage).  

4.6.2 Maximum Output 
The scale of electricity generation is studied using the daily average flow rate in 2007 
that indicates average flow rate, which was among the available data on the flow rate 
discharged from the existing Mrican Barrage. Among the selected cases, the most 
optimum case is the one with 31.2 m3/sec in terms of its economic performance. We 
determined the maximum water use to be 23.40 m3/sec, however, for reasons that 
possible influences to the intake of the existing irrigational canal would be large under 
the optimum case and that we confirmed during the on-site investigation that a limited 
space was available for power station installation. Fig. 4-12 shows the results of the 
study. 

Category Unit Studied case

Maximum water use m3/s 7.8 15.6 23.4 31.2

Maximum output kW 580 1,160 1,730 2,310
Possible generating power per
year

MWh 4,720 9,450 14,170 18,870

Construction cost million Rp 19,810.6 29,079.9 38,304.9 47,429.1

Construction unit cost per kWh Rp/kWh 419.7 307.7 270.3 251.3

7.8 15.6 23.4 31.2
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Fig. 4-12 Study on the Optimum Scale (Mrican SHEP) 
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4.6.3 Detailed Planning 

Appendix 4-2 shows the overview. Fig. 4-13 shows the calculation result of effective 
head, Fig. 4-14 and Fig. 4-15 show the calculation result of generating power, and Tab. 
4-10 shows the calculation result of construction cost. The maximum output is 1.73 MW, 
the annual generating power is 14.33 GWh, and development cost is 53.494 billion IDR.  
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Fig. 4-13 Calculation of Effective Head (Mrican SHEP) 
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Fig. 4-14 Calculation Result of Generating Power (Timeline) (Mrican SHEP) 
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Fig. 4-15 Calculation Result of Generating Power  
(Descending Order in Water-flow) (Mrican SHEP) 
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Tab. 4-10 Breakdown of Investment Cost (Mrican SHEP) 

Turbine EL7620x3
Gen. power 600

Max Output (kW) 1,730
Max Discharge (CMS) 23.4
Net Head (m) 9.04
Annual Generation (GWh) 14.33

Work Items Cost (IDR)
I. Preparattion Works 995,433,000
II. CIVIL WORKS 17,458,611,000
III. Metal Works 1,011,360,000
IV. Generating Equipment 22,021,500,000
V. Transmission Line and Sub- Station 108,500,000
VI. Land Acquisition and
Conpensation, Legal Procedure and 11,898,851,000

Total 53,494,255,000  
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4.7 Jatimlerec Small Hydroelectric Project (SHEP) 
4.7.1 Outline 

Jatimlerec point is a hydroelectricity generation project that utilizes the difference in 
water levels between the upstream and downstream sections of the existing Jatimlerec 
Rubber Dam facility (owned by PJB1) at the Brantas River of the Brantas River System, 
and the water discharged to the downstream section without being used at the existing 
irrigational canal that uses the Rubber Dam.  
In Jatimlerec, of the water used at and discharged from the existing Jatimlerec Rubber 
Dam, a maximum of 41.10 m3/sec is taken in from the intake installed at the right bank 
of the Rubber Dam. Using the head that is about 6 m high, three submersible turbine 
generators (made in Japan) will generate a maximum of 1,860 kW of electricity. The 
water used in power generation will be discharged into the Brantas River (directly 
downstream of Jatimlerec Rubber Dam).  
 

4.7.2 Maximum Output 
Of the available data on the amount of water discharged from the existing Jatimlerec 
Rubber Dam, we studied the scale of power generation using the daily average flow rate 
in 2007 that indicates the status of average flow and determined the maximum amount 
of water usage to be 41.10 m3/sec. 
Fig. 4-16 shows the result of the study. 
 

Category Unit Studied case

Maximum water use m3/s 13.7 27.4 41.1 54.8

Maximum output kW 620 1,240 1,860 2,480

Possible generating power per
year MWh 4,310 8,540 11,890 14,180

Construction cost million Rp 20,501.0 30,460.2 40,375.6 50,189.9

Construction unit cost per kWh Rp/kWh 475.7 356.7 339.6 353.9

13.7 27.4 41.1 54.8
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Fig. 4-16 Study on the Optimum Scale (Jatimlerek SHEP) 
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4.7.3 Detailed Planning 

Appendix 4-3 shows the overview. Fig. 4-17 shows the calculation result of effective 
head, Fig. 4-18 and Fig. 4-19 show the calculation result of generating power, and Tab. 
4-11 shows the calculation result of construction cost. The maximum output is 1.86 MW, 
the annual generating power is 10.81 GWh, and development cost is 39.951 billion IDR.  
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Fig. 4-17 Calculation of Effective Head (Jatimlerek SHEP) 
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Fig. 4-18 Calculation Result of Generating Power (Timeline) (Jatimlerek SHEP) 
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Fig. 4-19 Calculation Result of Generating Power  

(Descending Order in Water-flow) (Jatimlerek SHEP) 
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Tab. 4-11 Breakdown of Investment Cost (Jatimlerek SHEP) 

Turbine EL7650x3
Gen. power 600

Max Output (kW) 1,860
Max Discharge (CMS) 41.1
Net Head (m) 4.88
Annual Generation (GWh) 10.81

Work Items Cost (IDR)
I. Preparattion Works 939,950,000
II. CIVIL WORKS 6,900,678,040
III. Metal Works 1,330,560,000
IV. Generating Equipment 21,481,500,000
V. Transmission Line and Sub- Station 108,500,000
VI. Land Acquisition and
Conpensation, Legal Procedure and 9,190,297,010

Total 39,951,485,050  
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4.8 Menturus Small Hydroelectric Project (SHEP) 
4.8.1 Outline 

Menturus Point is a hydroelectricity generation project that utilizes the difference in 
water levels between the upstream and downstream sections of the existing Menturus 
Rubber Dam facility (owned by PJT1) at the Brantas River of the Brantas River System, 
and the water discharged to the downstream section without being used at the existing 
irrigational canal that uses the Rubber Dam.  
In Menturus, of the water used at and discharged from the existing Menturus Rubber 
Dam, a maximum of 38.40 m3/sec is taken in from the intake installed at the right bank 
of the Rubber Dam. Using the head that is about 7 m high, three submersible turbine 
generators (made in Japan) will generate a maximum of 2,060 kW of electricity. The 
water used in power generation will be discharged into the Brantas River (directly 
downstream of Menturus Rubber Dam).  

4.8.2 Maximum Output 
Of the available data on the amount of water discharged from the existing Menturus 
Rubber Dam, we studied the scale of power generation using the daily average flow rate 
in 2007 that indicates the status of average flow and determined the maximum amount 
of water usage to be 38.40 m3/sec. Fig. 4-20 shows the result of the study. 
 

Category Unit Studied case

Maximum water use m3/s 12.8 25.6 38.4 51.2

Maximum output kW 690 1,370 2,060 2,740

Possible generating power per
year MWh 4,250 8,490 12,150 14,290

Construction cost million Rp 20,573.1 30,604.4 40,591.9 50,478.6

Construction unit cost per kWh Rp/kWh 484.1 360.5 334.1 353.2

12.8 25.6 38.4 51.2
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Fig. 4-20 Study on the Optimum Scale (Menturus SHEP) 
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4.8.3 Detailed Planning 

As discussed in Chapter 2, a potential location for this project is determined based on 
the result of on-site investigation without creating a detailed plan. For this reason, Fig. 
4-21 and Fig. 4-22 show the results of generating power calculation performed in the 
process of determining the project scale, and Tab. 4-12 shows the calculation results of 
the construction cost.  



4-29 

 

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

1 31 61 91 121 151 181 211 241 271 301 331 361

Days

O
ut

pu
t（
ｋ

W
)，

N
et

 H
ea

d（
×

10
-2

m
＝
ｃ
ｍ
）

0

50

100

150

200

250

300

350

400

450

500

D
is

ch
ar

ge
（
C

M
S）

#6

#5

#4

#3

#2

#1

Net Head

Discharge
from Dam
Discharge for
Power

 
Fig. 4-21 Calculation Result of Generating Power (Timeline) (Menturus SHEP) 
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Fig. 4-22 Calculation Result of Generating Power  

(Descending Order in Water-flow) (Menturus SHEP) 
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Tab. 4-12 Breakdown of Investment Cost (Menturus SHEP) 

Turbine EL7650x3
Gen. power 500

Max Output (kW) 2,060
Max Discharge (CMS) 38.4
Net Head (m) 6.5
Annual Generation (GWh) 12.15

Work Items Cost (IDR)
I. Preparattion Works 568,750,000
II. CIVIL WORKS 12,934,733,578
III. Metal Works 45,106,250
IV. Generating Equipment 23,600,400,000
V. Transmission Line and Sub- Station 108,500,000
VI. Land Acquisition and
Conpensation, Legal Procedure and 5,225,748,983

Total 42,483,238,811
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4.9 Mlirip Small Hydroelectric Project (SHEP) 
4.9.1 Outline 

Mlirip Point is a hydroelectricity generation project that utilizes the difference in water 
levels between the upstream and downstream sections of the existing Mlirip Gate 
facility (owned by PJT1) at the Brantas River of the Brantas River System, and the 
water discharged through the Gate from the Brantas River to the conduit that provides 
water to the city of Surabaya.  
In Mlirip, of the water discharged from the existing Mlirip Gate to the conduit that 
provides water to the city of Surabaya, a maximum of 17.60 m3/sec is taken in from the 
intake installed at the right bank of the Gate. Using the head that is about 7 m high, two 
submersible turbine generators (made in Japan) will generate a maximum of 1,000 kW 
of electricity. The water used in power generation will be discharged into the conduit.  

4.9.2 Maximum Output 
Of the available data on the flow rate through the existing Mlirip Gate, we studied the 
scale of power generation using the daily average flow rate in 2007 that indicates the 
status of average flow and determined the maximum amount of water usage to be 17.60 
m3/sec. 
Fig. 4-23 shows the result of the study. 
 

Category Unit Studied case

Maximum water use m3/s 8.8 17.6 26.4 35.2

Maximum output kW 500 1,000 1,500 2,000

Possible generating power per
year MWh 3,970 7,770 7,460 6,770

Construction cost million Rp 15,101.9 22,027.9 28,909.9 35,691.1

Construction unit cost per kWh Rp/kWh 380.4 283.5 387.5 527.2

8.8 17.6 26.4 35.2
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Fig. 4-23 Study on the Optimum Scale (Mlirip SHEP) 
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4.9.3 Detailed Planning 

Appendix 4-4 shows the overview. Fig. 4-24 shows the calculation result of effective 
head, Fig. 4-25 and Fig. 4-26 show the calculation result of generating power, and Tab. 
4-13 shows the calculation result of construction cost. The maximum output is 0.97 MW, 
the annual generating power is 7.89 GWh, and development cost is 25.724 billion IDR.  

Ｑ ： flow rate m3/s
Ｂ ： width of the inlet m
Ｈ ： depth at the inlet m
ｖ ： flow velocity upstream of the trashback

／ （ × ）
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ｇ ： gravity accerelation
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Ｑ ： flow rate m3/s
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slope of bar θ 73 ° 18 ′ 3 ″ °
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Ｂ ： cross section width of flow Ｂ m
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Fig. 4-24 Calculation of Effective Head (Mlirip SHEP) 
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Fig. 4-25 Calculation Result of Generating Power (Timeline) (Mlirip SHEP) 
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Fig. 4-26 Calculation Result of Generating Power  
(Descending Order in Water-flow) (Mlirip SHEP) 
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Tab. 4-13 Breakdown of Investment Cost (Mlirip SHEP) 

Turbine EL7650x2
Gen. power 500

Max Output (kW) 970
Max Discharge (CMS) 17.6
Net Head (m) 6.32
Annual Generation (GWh) 7.89

Work Items Cost (IDR)
I. Preparattion Works 632,106,000
II. CIVIL WORKS 2,159,843,000
III. Metal Works 316,640,000
IV. Generating Equipment 16,162,200,000
V. Transmission Line and Sub- Station 108,500,000
VI. Land Acquisition and
Conpensation, Legal Procedure and 6,344,822,250

Total 25,724,111,250  
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4.10 New Lengkong Small Hydroelectric Project (SHEP) 
4.10.1 Outline 

New Lengkong Point is a hydroelectricity generation project that utilizes the difference 
in water levels between the upstream and downstream sections of the existing Lengkong 
Barrage facility (owned by PJT1) at the Brantas River of the Brantas River System, and 
the water discharged to the downstream section without being taken in to the existing 
irrigational canal that is located directly upstream of the Barrage.  
In New Lengkong, of the water discharged from the existing New Lengkong Barrage, a 
maximum of 68.00 m3/sec is taken in from the intake installed at the right bank of the 
Barrage. Using the head that is about 5 m high, five submersible turbine generators 
(made in Japan) will generate a maximum of 2,690 kW of electricity. The water used in 
power generation will be discharged into the Brantas River (directly downstream from 
New Lengkong Barrage).  
 

4.10.2 Maximum Output 
Of the available data on the amount of water discharged from the existing New 
Lengkong Barrage, we studied the scale of power generation using the daily average 
flow rate in 2007 that indicates the status of average flow and determined the maximum 
amount of water usage to be 68.00 m3/sec as shown in Fig. 4-27. 
 

Category Unit Studied case

Maximum water use m3/s 54.4 68.0 81.6 95.2

Maximum output kW 2,150 2,690 3,230 3,760
Possible generating power per
year

MWh 8,080 9,870 11,470 12,920

Construction cost million Rp 52,615.8 62,925.1 73,234.3 83,543.4

Construction unit cost per kWh Rp/kWh 651.2 637.5 638.5 646.6

54.4 68.0 81.6 95.2
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Fig. 4-27 Study on the Optimum Scale (New Lengkong SHEP) 
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4.10.3 Detailed Planning 

As discussed in Chapter 2, a potential location for this project is determined based on 
the result of on-site investigation without creating a detailed plan. For this reason, Fig. 
4-28 and Fig. 4-29 show the results of generating power calculation performed in the 
process of determining the project scale, and Tab. 4-14 shows the calculation results of 
the construction cost. 
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Fig. 4-28 Calculation Result of Generating Power (Timeline) (New Lengkong SHEP) 
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Fig. 4-29 Calculation Result of Generating Power  
(Descending Order in Water-flow) (New Lengkong SHEP) 
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Tab. 4-14 Breakdown of Investment Cost (New Lengkong SHEP) 

Turbine EL7650x5
Gen. power 500

Max Output (kW) 2,690
Max Discharge (CMS) 68.0
Net Head (m) 4.8
Annual Generation (GWh) 9.87

Work Items Cost (IDR)
I. Preparattion Works 1,068,750,000
II. CIVIL WORKS 20,797,004,068
III. Metal Works 77,148,750
IV. Generating Equipment 33,886,800,000
V. Transmission Line and Sub- Station 108,500,000
VI. Land Acquisition and
Conpensation, Legal Procedure and 7,093,820,282

Total 63,032,023,100  
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4.11 Conclusions of Planning Stage 

Tab. 4-15 shows the overview of the original development plans for the areas that are 
being studied. 
 

Tab. 4-15 Specifications of SHEP 

No. Name 
Installed 
capacity 

(kW) 

Max. 
discharge 

(CMS) 

Net head 
(m) 

Annual 
energy 
(GWh) 

Type of 
T/G* 

No. of 
units 

Construction 
Cost 

(Million IDR) 

1 Lodoyo AP 1,430 46.20 3.77 10.44 EL7650 4 54,855 

2 Mrican 1,730 23.33 9.00 14.33 EL7620 3 53,494 

3 Jatimlerec 1,860 40.89 5.66 10.81 EL7650 3 39,951 

4 (Menturus) ** (2,060) (38.4) (6.5) (12.15) (EL7650) (3) (40,591) 

5 Mlirip 970 17.10 6.91 7.89 EL7620 2 25,724 

6 
(New Lengkong) 
*** (2,690) (81.6) (4.8) (9.87) (EL7650) (5) (62,925) 

Total 
5,990 

(10,740) --- --- 
43.47 

(67.09) --- 
12 

(20) 
174,024 

(277,540) 

* T/G: Turbine and Generator 
** Overall construction is now in progress at Rubber Dam, downstream, and river walls on 

both sides. Since we found out that development would be difficult for a while, we decided 
to handle this location as a potential site and only determined the basic matters.  

*** The power station is located along a major national road with heavy traffic. Since residents 
need to be removed to install a detour road, we determined that development would be 
difficult for a while; thus we decided to handle this location as a potential site and only 
determined the basic matters. 

(Note) Parentheses indicate values for potential sites or total values that include potential sites.  
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Chapter 5 Estimation of the Emission Reduction of Greenhouse Gases 
 
5.1 Greenhouse Gas Emissions in Indonesia 
5.1.1 Greenhouse Gas Emissions in Indonesia 

Tab. 5-1 shows the breakdown of greenhouse gas (GHG) emission amounts in Indonesia. 
When examined in terms of CO2 equivalents based on 1994 figures, 55% is CO2, and 
39% is CH4, which is said to produce greenhouse effects 21 times that of CO2. 
 

Tab. 5-1 Indonesia’s Greenhouse Gas Emissions (1994) 
 

GHG CO2 Emissions Equivalent (Gg) Ratio (%) 
CO2 189,136 55% 
CH4 134,591 39% 
N2O 18,944 6% 
HFC  - - 
PFC - - 
SF6 - - 

Total 324,671 - 
Source: Kyoto Mechanism Platform, http://www.kyomecha.org/pf/Indonesia.html 

Tab. 5-2 shows greenhouse gas emissions by emission origin, including instances of 
forest cutting and land-use conversions. The percentage occupied by 
agriculturally-related items and land-use improvements and forests is approximately 
50%. 
 
Tab. 5-2 Indonesia’s Greenhouse Gas Emissions by Emission Origin (1994) 

 
(Unit: CO2 Emissions Equivalent (Gg)) 

Greenhouse Gas 
Emission origin CO2 CH4 N20 HFCs PFCs SF6 Total Ratio 

% 
Combustion 
Consumption 170,016 7,509 1,773 - - - 179,298 36.0 

Fuel Discharge - 42,802 - - - - 42,802 8.6 
Industrial Processes 19,120 11 3 - - - 19,134 3.8 
Agriculture - 68,120 16,387 - - - 84,507 17.0 
Land Use 
Conversion/Forests 155,625 7,707 781 - - - 164,113 32.9 

Waste Materials - 8,442 - - - - 8,442 1.7 
Total 344,761 134,591 18,944 - - - 498,296 100 

Source: Prepared from Kyoto Mechanism Platform, hppt://www.kyomecha.org/pf/Indonesia.html 
 
The data given above is from 1994. When 'Primary Energy Supply/Demand Balance in 
Indonesia', shown in Tab. 1-13, is examined, primary energy supply volume has 
increased approximately 140% in the past decade. Furthermore, it is irrefutable that 
future programs such as the '10,000MW Crash Program' will lead to wide-scale GHG 
emissions increases. At the United Nations Framework Convention on Climate Change 
(COP13, COP/MOP3), held by the World Bank on the island of Bali in December of 
2007, a report was issued concerning the Indonesian government's plan to promote a 
coal-fired power enhancement program (10,000MW Crash Program: 2006, Presidential 
Directive No. 71). This report predicts that 'GHG emissions amounts caused by coal 
combustion will increase 20 times by the year 2025 in comparison with amounts twenty 
years prior.' The report also indicates that other, contemporary energy sectors will 
achieve 130% growth overall. In addition, it is predicted that GHG emission amounts 
will increase due also to cutting down forests in order to facilitate coal extraction. Also, 
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the high degree of latent alternative energy power is not being utilized, so the report 
recommends the development of hydroelectric, geothermal, biomass, solar and wind 
resources1). 

 
5.1.2 Efforts to Address Global Warming in Indonesia 

The history of the Kyoto Protocol, and of Indonesia's efforts to address global warming, 
is shown in Tab. 5-3. 
 

Tab. 5-3 Trend on Efforts to Address Global Warming in Indonesia 
 

Time Details 
Aug 1994 
 
Jul 1998 
Sep 2001 
Jun 2002 
Mar 2003 
Apr 2003 
Jun 2004 
 
Dec 2004 
Jul 2005 
 
 
Oct 2005 
Dec 2005 
 
Feb 2006 
Dec 2008 

Ratification of United Nations Framework Convention on Climate Change 
(UNFCCC) 
Signing of Kyoto Protocol 
Formation of CDM Institute for National Strategy (Energy Sector) 
Establishment of Energy Sector CDM National Team 
Formation of CDM Institute for National Strategy (Forests Sector) 
Establishment of National Commission for Climate Change 
Enacting and Issuing of the Kyoto Protocol Ratification Act (Republic of Indonesia 
Law No. 17 / 2004) 
Ratification of Kyoto Protocol (UNFCCC Registration) 
DNA (Designated National Authority in Indonesia: NCCDM : National Commission 
for CDM in Indonesia / KN-MPB) Established by Decree of Minister of the 
Environment (Environmental Ministry Decree No.206 / 2005) (Jul. 21) 
DNA Formally Launched (Oct. 27) 
First Indonesian Governmental Approval of CDM Project (Aceh Solar Cracker 
Project, and others: Dec. 23) 
Aceh Solar Cracker Project Registered with UN CDM Board of Directors 
COP13, COP/MOP3 Held on Island of Bali 

Source: Kyoto Mechanism Platform, hppt://www.kyomecha.org/pf/Indonesia.html 
 

The 'National Commission for Climate Change/Konmas Perubahan Iklim: Minister of 
Environmental Decree Number 53 of 2003' is the organization which carries out 
concrete studies and evaluations pertaining to governmental global warming prevention 
measure policies in Indonesia. Fig. 5-1 shows the organization of the National 
Commission for Climate Change. 

 
 

5.1.3 Stakeholders on CDM Project at Energy Sector of Indonesia 
The following is an overview of governmental agencies and other organizations and 
agencies deemed to be stakeholders in carrying out CDM Project of the energy sector. 
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Source: CDM Development in Indonesia - Enabling Policies, Institutes and Programmes Issues 

and Challenges / NEDO 
 

Fig. 5-1 National Commission for Climate Change in Indonesia 
 

(1) Indonesian Government 
[I. Ministry of Environment] 

The Ministry of Environment has jurisdiction over environment-related governmental 
policies and guideline formulation, and coordinates views of, and oversees, related 
ministries, central and local governmental agencies and other institutions. The 
Ministry of Environment plays a central role in involvement with environmental 
concerns, including CDM. 

[II. Ministry of Energy and Mineral Resources] 
The Ministry of Energy and Mineral Resources has jurisdiction over the entire 
resources and energy sector. In June of 2002 the Energy Sector CDM National Team 
was established, and in July of 2003 a CDM Review Criteria proposal was announced 
ahead of the other ministries. This Criteria proposal was incorporated in the Ministry 
of Environment proposal. 

[III. National Development Planning Agency: BAPPENAS] 
In addition to being responsible for national development governmental policies and 
planning formulation, the National Development Planning Agency coordinates 
between other related ministries. The Undersecretary of Natural Resources and the 
Environment, and the Administrative Bureau of Natural Resources and the 
Environment, are major stakeholders in the CDM Project. 

[IV. Ministry of Foreign Affairs] 
The Ministry of Foreign Affairs plays a coordinating role among related ministries for 
the execution of policies related to foreign affairs. The Ministry of Foreign Affairs also 
plays an important role in debate and governmental procedures pertaining to the 
ratification of the Kyoto Protocol. United Nations Development, Economic and 
Environmental Programs, subordinate institutions to the multilateral director general, 
related to economics, finance and development are involved in the implementation of 
items related to the Kyoto Protocol. 
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[V. Ministry of Industry] 
The Ministry of Industry is charged with formulating and implementing governmental 
industry and trade policies, with the objective of forging an industrial nation. The 
Resources & Regional Research and Development Center, which is a subordinate 
institution to the Research and Development Board, plays a central role in 
implementing items related to the environment. 

[VI. Agency for Assessment and Application of Technology: BPPT] 
The Agency for Assessment and Application of Technology has jurisdiction over the 
verification, application and assessment of scientific technology. This Agency is also 
involved in a variety of efforts related to the development of renewable energy 
technology. 

[VII. Ministry of Finance] 
The Ministry of Finance is a member of the National Commission for Climate Change, 
and is also capable of providing necessary governmental policy support towards the 
actual promotion of CDM. This Ministry is tasked with efforts undertaken in 
cooperation with other governmental agencies. 

[VIII. Investment Coordinating Board] 
The Investment Coordinating Board promotes foreign investment and investment by 
domestic enterprises, and also coordinates the formulation of governmental policies 
and plans, as well as coordinating between other Ministries, Agencies and related 
institutions. 

[IX. Ministry of Transportation] 
The Ministry of Transportation is a member of the National Commission for Climate 
Change, and also of the National Commission for CDM. 

[X. Ministry of Home Affairs] 
The Ministry of Home Affairs promotes regional authority (decentralization of power) 
and develops governmental policies which seek the unification of the nation of 
Indonesia. The Ministry also promotes strengthened relations between not only central 
and regional governments, but also among regional governments themselves. The 
Ministry of Home Affairs is a member of the National Commission for Climate 
Change, as well as the National Commission for CDM. 

[XI. Ministry of Public Works] 
The Ministry of Public Works is a member of the National Commission for Climate 
Change. It has jurisdiction over principal residential and regional infrastructure 
development, with an emphasis on general state land development, usage and 
preservation. 

(2) Other Organizations 
[I. State Electricity Company / PT. Perusahaan Listrik Negara: PT.PLN] 

The State Electricity Company monopolizes the carrying out of electrical power 
development and supply, from the introduction of competition through the 
deregulation of electrical power. While the government of Indonesia holds a 
controlling number of shares in the State Electricity Company, the Company is an 
independent corporate organization. 

[II. Yayasan Pelangi: NGO] 
Yayasan Pelangi is an NGO which aspires to be an environmental think-tank. It is 
responsible for a variety of programs in the three sectors of energy, climate change, 
and industry and transportation. Yayasan Pelangi is involved in a wide array of 
activities pertaining to the Indonesian government, from government policy-level 
support to specific projects. In the arena of efforts involving the Kyoto Protocol, 
Yayasan Pelangi carried out Indonesian Ministry of the Environment government 
policy support (ProLH Project) implemented from 1994 by GTZ (German Technical 
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Cooperation), and also provided indirect government policy formulation support in the 
role of local consultant for long-term, comprehensive capacity building. In addition, 
Yayasan Pelangi was the NGO which carried out in Indonesia the South-South-North 
Cooperation (SSN Program), an NGO support program implemented by the 
government of Holland. 

[III. WWF Indonesia] 
WWF Indonesia participates under NGO credentials as a member of the Technical 
Team performing a support role for Indonesia DNA. The World Wildlife Fund (WWF) 
was established in 1971 in order to protect wild animals in danger of extinction, and is 
involved in natural and environmental conservation efforts around the world. 
 

5.1.4 CDM Procedure in Indonesia 
(1) Organization of CDM Assessment 

The National Commission for CDM (DNA) functions as the centerpiece of the 
Indonesia CDM promotion organization. DNA organization structure (CDM Project 
Review Organization) is shown in Fig. 5-2. 
 

Secretariat

Technical Team

Expert Advisors

Stakeholder Forum

National Commission 
on Climate Change

National Commission for CDM DNA

Support Elements

 
Source: Prepared from http://dna-cdm.menlh.go.id 
 

Fig. 5-2 Organization of DNA in Indonesia 
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The role to be played by each agency in this organization is given below. 
[I. National Commission for CDM] 

The National Commission for CDM is positioned at the core of Indonesia DNA, and 
holds authority for approving project design documents submitted by those proposing 
projects. The National Commission for CDM is composed of representatives and 
others from the related ministries and agencies listed below. The Deputy Minister, 
Nature Conservation Enhancement and Environmental Degradation Control, Ministry 
of Environment, is the chairperson of the National Commission for CDM. 
[Ministries and Agencies Involved with the National Commission for CDM] 

(1) Ministry of Environment 
(2) Ministry of Energy and Mineral Resources 
(3) Ministry of Forestry 
(4) Ministry of Industry 
(5) Ministry of Foreign Affairs 
(6) National Development Planning Board 
(7) Ministry of Home Affairs 
(8) Ministry of Transportation 
(9) Ministry of Agriculture 

[Secretariat] 
The Secretariat is responsible for all business affairs in order to ensure that CDM 
Project applications are received smoothly, and also that CDM Review procedures 
are carried out smoothly. The Secretariat position is filled by the Ministry of 
Environment. 

[Technical Team] 
In order to support the National Commission for CDM, the Technical Team verifies, 
from a technical and expert point-of-view, the feasibility of CDM Projects in light of 
sustainable development criteria indicators. As needed in this verification, the 
Technical Team may also seek the opinions of Expert Advisors and of the 
Stakeholder Forum. The Technical Team is composed of representatives and others 
from the related ministries and agencies listed below. 

[Members Comprising the Technical Team] 
(1) Ministry of Environment 
(2) Ministry of Energy and Mineral Resources 
(3) Ministry of Forestry 
(4) Ministry of Industry 
(5) Ministry of Foreign Affairs 
(6) National Development Planning Board 
(7) Ministry of Home Affairs 
(8) Ministry of Transportation 
(9) Ministry of Agriculture 
(10) NGO (Non-Governmental Organizations) 
(11) Representatives of Provincial/ District/ Municipal Governments 
However, members of NGOs and related Provincial/District/Municipal Governments 
are not standing members of the Technical Team. 

[Expert Advisors] 
Expert Advisors are, in any event, assembled by choice to respond separately to 
National Commission for CDM and the Technical Team. When additional expertise 
is required for situations in which it is difficult to assess the probability of a CDM 
Project using Technical Team findings alone, Expert Advisors cooperate in studies 
and fact-finding work by request. 
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[Stakeholder Forum] 
Stakeholder Forums are held as necessary, pending the decision of the National 
Commission for CDM. Stakeholder Forums are concerned with residents, research 
agencies, related business groups and other organizations with perspectives 
pertaining to the region where a project is scheduled to take place. 
 

(2) Review and Approval Process of CDM Project 
Fig. 5-3 shows the process in Indonesia from CDM Project application to approval. The 
points of each approval process are given below. 

 The following four types of documents are necessary for project applications. 
(1) Application form 
(2) Project Design Document (PDD) 
(3) Environmental Impact Assessment (EIA) 
(4) Public hearing records 

 Project application forms are to be submitted in coordination with the periodic 
convening of the National Commission for CDM, held every quarter. Project 
applications must first be checked by the Secretariat before being submitted to the 
Commission. 

 The National Commission for CDM appoints a Technical Team member to be in 
charge of reviews, in keeping with the details of the application. The National 
Commission for CDM also decides whether or not it is necessary to enlist the support 
of Expert Advisors. If the decision is to do so, then the National Commission for 
CDM enlists the support of Expert Advisors. 

 Reviews to be handled by the Technical Team must be commissioned within 21 days; 
as necessary, survey support from Expert Advisors is to be enlisted separately. 

 If the National Commission for CDM deems it necessary, then it shall hold a 
Stakeholders Forum and solicit the opinions of related parties. 

 
(3) Criteria for Approval of CDM Project 

The four groups of Criteria and Indicators--'Environmental Sustainability', 'Economic 
Sustainability', 'Social Sustainability' and 'Technical Sustainability'--given in Tab. 5-4 
are set forth for CDM Projects in Indonesia. Indicators reflect the absolute minimum 
requirements for realizing CDM Projects in Indonesia; there are many 'intangibles' in the 
expression of Indicators. Furthermore, itemized weighted assessments are employed 
also in the sense of eliminating subjective assessments. 
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Project 
Applicant

1) Secretariat 
receives project 

proposal

2) Meeting of National 
Commission for CDM 

(NCCDM)

4) Secretariat 
receives Assessment 

Report

5a)  Convening of 
Stakeholder Forum

6) NCCDM Approval 
Form

Revision of 
Project Plan

3)
Assessment by 
Technical Team

3b)
Assessment by Expert 

Advisors

2a)
Assessment by Expert 

Advisors?

3a)
Assessment by expert-
sector Technical Team

5)
Decision made in 
NCCDM meeting

Incompatible proposed 
project criteria YES

NO

Project 
Applicant

Missing 
Application 
Form Data

[21 days]

[Selectivity:Time period 
unspecified]

[Selectivity: 5 days]

[1 day]

[1 day] [Selectivity: 1 day]

[Selectivity: 5 days]

* Entire process takes 11 weeks, 
except when stakeholders and 
written materials revision are 
required.
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Form Data

[21 days]
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* Entire process takes 11 weeks, 
except when stakeholders and 
written materials revision are 
required.

 
Source: Latest Progress of Indonesia Establishment / Ministry of Environmental, Republic of 

Indonesia: Tokyo Meeting of Integrated Strengthening of CDM Implementation on 
March 3-4, 2005 

 
Fig. 5-3 Review and Approval Process on CDM Project 

 
Tab. 5-4 CDM Criteria and Indices of Indonesia 

 
Category Criteria and Indices 

[Criteria] Environmental sustainability among the execution of natural resource 
protection and diversity 

[Indicators]  Maintenance of sustainability of regional ecological functions 
 No environmental standards exceeded at the national or regional level 
 Maintenance of genetic, seed and ecosystem diversity, absolutely no 

tolerance of genetic contamination 
 Compliance with pre-existing land-use plans 

[Criteria] Health and safety of regional society 

Environmental 
Sustainability 

[Indicators]  Absolutely no health risks of any kind caused by project 
 Compliance with occupational health and safety regulations 
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Category Criteria and Indices 
 Literature is displayed pertaining to accident prevention and 

management policies 
[Criteria] Regional social welfare Economic 

Sustainability [Indicators] 
 

 Does not yield regional social sources of income 
 Appropriate countermeasures for the possibility of impacts to income 

sources of regional residents 
 Agreement in accordance with pre-existing regulations pertaining to 

the handling of all lay-off problems between and among parties of 
conflicting interest 

 No reduction in regional public services 
[Criteria] Participation in regional society 
[Indicators] 
 

 Regional society has been consulted by project implementers 
regarding project 

 Comments and complaints received from regional society are 
considered and responded to 

[Criteria] Stability of regional society 

Social 
Sustainability 

[Indicators]  No conflicts caused among regional society 
[Criteria] Transfer of technology Technical 

Sustainability [Indicators] 
 

 The level of reliance upon foreign countries does not increase 
regarding the transfer of knowledge and implementation know-how 

 No reliance upon trial or outdated technology 
 Enhanced regional technology usage and ability 

Source: http://enviroscope.iges.or.jp/modules/envirolib/upload/984/attach/indonesia_final.pdf 
 

 
5.2 Baseline CO2 emissions factor of JAMALI grid electricity  

In order to calculate CO2 reduction amounts, it is necessary to calculate based upon CO2 
emissions factors, which are publicly-recognized standard values. Similarly to the 
present case, JAMALI grid electricity numerical values are the CO2 emissions factors 
applied to small-scale electrical production business on the island of Java. In the 
small-scale project activity at JAMALI grid electricity, the 'Gas turbine co-generation 
project in Indonesia' stands as one example of a project recently recognized by the 
CDM-Executive Board (Aug. 2008, UN registration, UNFCCC website). According to 
the PDD for this project, the CO2 emissions factor numerical value is 0.754 tons of 
CO2/MWh. For these standard values, in 2006 PT. Chevron Geothermal revised the 
0.728 tons of CO2/MWh figures, which had been the standard until that time, and these 
were then recognized by the Department of Energy and Mineral Resources, which was 
the controlling bureau at that time. No revisions of the CO2 emissions factor numerical 
values at JAMALI grid electricity have been carried out since then. As mentioned above, 
the numerical values used as standard values for a recent UN-registered project were 
0.754 tons of CO2/MWh. 
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Some time has passed since these numerical values were publicly approved. A hearing 
was held in October of 2008 at Indonesia DNA regarding whether or not numerical 
values used in the present case will be able to be applied for future CDM projects. The 
answer we received was that the current (as of the date of the hearing) CO2 emissions 
factor for the DNA-recognized JAMALI grid electricity is the 0.754 tons of CO2/MWh 
calculated by PT. Chevron Geothermal. Furthermore, revisions are planned for these 
numerical values, and there are plans to hold a meeting for this purpose. However, it is 
undecided as to when the standard values might be revised. 
In sum, the following items are confirmed for DNA relating to CDM application 
procedures within Indonesia. 
 Essentially, the procedures pertaining to application for Indonesian governmental 

approval will be the same as before. There are also no plans to change these 
procedures in the future. 

 It is to take four weeks or less to receive Indonesian governmental approval from the 
time that an application is received. 

 
5.3 Estimated CER 

Tab. 5-5 shows the estimated CER amounts calculated for each project site. 
 

Tab. 5-5 Estimated CER of Candidate Project 
 

Project Annual Power 
Generation 

(MWh) 

Estimated CER 
(tCO2/year) 

Lodoyo AP 10,440 7,871.76 
Mrican  14,330 10,804.82 
Jatimlerek 10,810 8,150.74 
Menturus* -  (12,150) -  (9,161.10) 
Mlirip 7,890 5,949.06 
New Lengkong* -   (9,870) -  (7,441.98) 
Total 43,470(65,490) 32,776.38(49,379.46) 
* Calculated by electrical energy output at time of scale study. 
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Chapter 6 Economical Study 
 
6.1 Overview 

In this study, a private corporation in Indonesia, functioning as an IPP business partner, 
studied the economics of instances of small-scale hydroelectric development. Setting 
methods for each condition were based upon information gathered both within Japan 
and locally on site. 

 
6.2 Project Period 

The project period is set at 25 years, in consideration of the typical life of submergible 
turbines and generators. 

 
6.3 Operation and Maintenance Cost 
6.3.1 Operation and Maintenance Structure 

It was decided to operate all power stations from one office. The office location was set 
in the city of Kediri, as it allows fairly even access to each power station. 
Fig. 6-1 shows the operation structure, which has been adopted in light of the results of 
interviews conducted regarding small-scale hydroelectric operation structures actually in 
place in Indonesia. However, based upon information that it is possible that staff for 
cleaning sediment out of intakes may be included in water right taxes, it was decided not 
to secure such staff. 
 

6.3.2 Operation Cost 
A study was made based upon the personnel cost unit prices for the past five years as 
published by JETRO; the unit prices of operators, and the rate of escalation of said unit 
prices, were set as follows: the operational cost as of the year 2006 was set at 697 
million IDR, and the year-on-year rate of escalation was set at 6.0% (see Tab. 6-1 and 
Tab. 6-2). 
 

Onsite security team (Full time & 2shifts per 1 P/S)

Total: 16 persons (full time)

Technical team (Day time & Part time)

Total: 2 persons (part time)

Operating team
(Full time & 4 shifts)

Total: 8 persons (full time)

Operator x 1 Electrical engineer x 1

Headquarters

Operating Manager x 1

Civil & Mechanical Engineer x 1

Security x 2 for No.1 P/S

Security x 2 for No.4 P/S

Security x 2 for No.2 P/S Security x 2 for No.3 P/S

Onsite security team (Full time & 2shifts per 1 P/S)

Total: 16 persons (full time)

Technical team (Day time & Part time)

Total: 2 persons (part time)

Operating team
(Full time & 4 shifts)

Total: 8 persons (full time)

Operator x 1 Electrical engineer x 1

Headquarters

Operating Manager x 1

Civil & Mechanical Engineer x 1

Security x 2 for No.1 P/S

Security x 2 for No.4 P/S

Security x 2 for No.2 P/S Security x 2 for No.3 P/S

 
Fig. 6-1 Operating Structure 
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Tab. 6-1 Unit Cost of Operators 

 
Category in JETRO Unit

US$ 1         = Rp 9,010     US$ 1         = Rp 8,510     US$ 1         = Rp 8,950     US$ 1         = Rp 9,970     US$ 1         = Rp 9,182     

min max Ave.

Rp
Conversion,

Year-on-
Year

min max Ave.

Rp
Conversion,

Year-on-
Year

min max Ave.

Rp
Conversion,

Year-on-
Year

min max Ave.

Rp
Conversion,

Year-on-
Year

min max Ave.

Rp
Conversion,

Year-on-
Year

Operating
Manager

3. Middle Management
(General
Manager/Manager Class)

M/M 540   540    540    - 608   608    608    106% 619   619    619    107% 618   618    618    111% 548   548    548    82% 1.58%

Operator
1. Worker (General
Factory)

M/M 108   108    108    - 133   133    133    116% 130   130    130    103% 131   131    131    112% 178   178    178    125% 14.07%

Electrical
Engineer

2. Engineer (Mid-Ranking
Engineer)

M/M 205   205    205    - 229   229    229    106% 252   252    252    116% 270   270    270    119% 311   311    311    106% 11.70%

Civil &
Mechanical
Engineer

(Same as above) M/M 205   205    205    - 229   229    229    106% 252   252    252    116% 270   270    270    119% 311   311    311    106% 11.70%

Insurance
6. Social Security
Contribution Percentage
① Employer Contribution

% 7.24 11.74 9.49   - 7.24 11.74 9.49   100% 7.24 11.74 9.49   100% 7.24 11.74 9.49   100% 7.24 11.74 9.49   100% 0%

Bonus 5. Bonus % 100   250    175    - 100   250    175    100% 100   250    175    100% 100   250    175    100% 100   250    175    100% 0%

*  (1) Although the 2007 version was the newest version when the survey was conducted, because there is a great difference in categorization when compared with the preceding 5 years ,
          the newest (2002-2006) matching data for 5 consecutive years was used.
    (2) Although there are some slight differences in categorization for 2002-2006, there are some areas which use estimate values reached by consulting the remarks in the reference literature.
Source:

1) Japan External Trade Organization (JETRO)  Overseas Research Department: 13th Major Asian Metropolitan/Regional Investment-Related Cost Comparison, Mar. 2002
2) Japan External Trade Organization (JETRO)  Overseas Research Department: 14th Major Asian Metropolitan/Regional Investment-Related Cost Comparison, Mar. 2004

3）Japan External Trade Organization (JETRO)  Overseas Research Department: 15th Major Asian Metropolitan/Regional Investment-Related Cost Comparison, Mar. 2005

4) Japan External Trade Organization (JETRO)  Overseas Research Department: 16th Major Asian Metropolitan/Regional Investment-Related Cost Comparison, Mar. 2006

5) Japan External Trade Organization (JETRO)  Overseas Research Department: 17th Major Asian Metropolitan/Regional Investment-Related Cost Comparison, Mar. 2007

2005 2006 Rp

Convers ion,
Average
Yearly

Escalat ion
Rate

City Name: Jakarta
Name

2002 2003 2004

 
 

Tab. 6-2 Operation Cost 
 

Work Type Ratio US$
Operating
Manager

Full time 1 1 4 548    12

Operator Full time 1 1 4 178    12
Security Full time 0.7 8 2 178    12
Electrical
Engineer

Part time & Day time 0.25 1 1 311    12

Civil &
Mechanical
Engineer

Part time & Day time 0.25 1 1 311    12

Sub Total (a)
Bonus (b)=(a)*ratio

Insurance inc, others
(d)=(a)*ratio

Total (e)=Σ(a)~(d)
* Settings were made based on a standard operation of 4 power stations.
* Security is set at 70% of Operator based upon local conditions.

697,432,500        6.00%

60,450,000          

81,070,500          
555,912,000        100% 6.00%

2,860,000           8,580,000            2% 11.70%

2,860,000           8,580,000            2% 11.70%

1,630,000           219,072,000        39% 14.07%

43% 1.58%

1,630,000           78,240,000          14% 1.58%

Rp. Rp.

5,030,000           241,440,000        

Name
Remarks Men

/Shift
No. of
Shift

 Unit Price (M/M)
(2006) Month

Labor cost
(M/Yr) (2006) Ratio

Average annual
escalation
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6.3.3 Maintenance Cost 
(1) Inspection Items of Submergible Turbine and Generator 

The major electric-related inspections are those involving submergible turbines and 
generators. Submergible turbine and generator inspection frequency and inspection 
items are shown in Tab. 6-3. 
 

Tab. 6-3 Inspection Items of Submergible Turbine and Generator 
Inspection 

Cycle 

Days 
Required for 
Inspection 

Inspection 
Location Inspection Items 

Every 
Year 

1~2 Days On-Site  Change seal oil 
 Check oil in speed-increasing gears 
 Oil analysis 

Three 
Years 

3~4 Days Factory  Change seal oil/oil in speed-increasing gears 
 Disassemble generator part 
 Change generator bearing grease 

Five Years 5~6 Days Factory  Disassemble and inspect water turbine/generator parts 
 Replace mechanical seals 
 Replace generator bearings 
 Change seal oil/oil in speed-increasing gears 

Ten Years Approx. 10 
Days 

Factory  Disassemble water 
turbine/generator/speed-increasing gears 

 Inspect all parts 
 Replace generator bearings 
 Replace speed-increasing gear parts 
 Replace mechanical seals 
 Change seal oil/oil in speed-increasing gears 

 
(2) Maintenance Cost 

It was decided to carry out electric-related inspections according to the frequency and 
details shown in Tab. 6-3. Materials costs (including transportation costs) were 
appropriated after interviews. 
Submergible turbine and generator inspections may all be carried out locally. Five 
workers are required to perform the inspections. In order to carry out the inspections, 
workers must possess, at a minimum, the skills to disassemble a submergible pump. 
Local study results indicate that engineers having such skills are not uncommon in 
Indonesia; it was decided that such engineers would be easy to procure. At the sites 
considered in this study, a structure was set up such that operators themselves would 
perform inspections; this was not appropriated in inspection costs in particular. 
However, because, unlike the submergible pump, a special knowledge of submergible 
turbines and generators is required for the watertight parts, it has been decided that the 
manufacturer will dispatch an expert to the site to provide guidance for the first 3-year 
and 5-year inspections. (After receiving this guidance, it will be possible for all 
inspections to be performed on-site.) 
Furthermore, when assembling the submergible turbine at the time of manufacturing at 
the factory, one local engineer will be incorporated in a scheme who will be trained at 
the manufacturer (for a period of one month) in order to obtain basic inspection 
knowledge. These costs will be appropriated among the initial investment. 
As local workers will carry out inspections and repairs related to electrical peripheral 
devices and civil engineering equipment as part of everyday management, it has been 
decided to include the costs associated with these inspections and repairs in 
operational/maintenance and management expenses. 
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6.4 Precondition of Economical Analysis 
6.4.1 Unit Price of Power Selling 

In accordance with Ministry of Energy and Mineral Resources Ministerial Regulation 
2006-No.2, for electricity of 10MW or less produced by power stations using renewable 
energy, it is stipulated that when PLN is connected to an intermediate voltage (20kV) 
system, electricity shall be purchased at a unit price of power selling multiplied by 0.8. 
When PLN is connected to a low-voltage (220-400V) system, electricity purchase shall 
take place at a unit price of power selling multiplied by 0.6. 
In actual practice, though, we are told that each IPP business partner will individually 
coordinate with PLN for small-scale hydroelectric development, and that PPA 
agreements are already made. 
Thus, in consideration of foreign investment recovery risks, we have set the unit price of 
power selling when entering into PPA agreements at 450Rp/kWh. 
 

6.4.2 Water right tax1) ~ 4) others 
Because they involve the basis of IPP business partner income and expenditures, which 
in turn influence PPA, it is impossible to obtain accurate unit costs for water right taxes. 
In this study, based upon information that water rights taxes are sometimes paid directly 
from PLN to PJT1, it has been decided not to appropriate these taxes. However, based 
upon interviews carried out locally, it has been decided to include in water rights taxes, 
as part of canal irrigation equipment management, costs incurred during operations to 
remove dirt from intake screens. 
 

6.4.3 Borrowing Interest Rate and Tenor Period 
Because the small-scale hydroelectric development with which this study is concerned is 
on a small scale, it is thought that funding may be procured from commercial banks in 
Indonesia. According to local information, recent open-market rates for small-scale 
hydroelectric development are 12.5 to 14%. The standard tenor period is 10 years, 
including the initial operating year for power stations. In consideration of the safety of 
these items, a tenor period of 8 years, including the initial operating year, will be used. 
Also, the highest interest given, 14%, will be used for the repayment rate. 
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6.4.4 Depreciation 
The reasoning behind depreciation in Indonesia is given in Tab. 6-4. 
In Indonesia, asset depreciation costs are deducted from revenues prior to the imposition 
of taxes. Depreciable assets are divided into 4 categories, according to service life. 
Investors can choose between the straight-line depreciation method (less than 20 years) 
and the accelerated diminishing balance depreciation method (except for buildings). 
Depreciation rates are fixed in accordance with service life. 
 

Tab. 6-4 Calculation Condition of Depreciation in Indonesia 

Straight-Line
Method (%)

Double
Diminishing-

Balance
Method (%)

Ⅰ. Non-Structural Items 　 　 　

Group 1 4 years 25 50
Group 2 8 years 13 25
Group 3 16 years 6 13
Group 4 20 years 5 10
Ⅱ. Structural Items
Permanent Structures 20 years 5
Non-Permanent Structures 10 years 10

Straight-Line
Method (%)

Diminishing-
Balance

Method (%)

Group 1 4 years 25 50
Group 2 8 years 13 25
Group 3 16 years 6 13
Group 4 20 years 5 10
Source:
1) Investment Division ASEAN-Japan Center:
http://www.asean.or.jp/invest/guide/indonesia/1-03.html.

Physical (Tangible) Assets Service Life

Calculation Method

Non-Physical Assets Service Life

Calculation Method

 
 
Classification into groups is decided by the government. Each company is able to 
choose between the diminishing balance and straight-line depreciation methods. 
Furthermore, 'permanent structures' indicates structures such as typical factories, etc. 
Because hydroelectric power stations produce electricity, they are considered to be II. 
Structural Items-Permanent Structures. As such, the straight-line depreciation method is 
used, service life is set at 20 years, and residual value is set at a hypothetical 10%, the 
same as for domestic power stations. 

 
6.4.5 Community Development Cost 

Among the results of the local study, there were examples of general local cooperation 
with small-scale hydroelectric development in Indonesia. Therefore, fixed yearly costs 
were appropriated with reference to pre-existing examples. 
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6.4.6 Insurance 
There are risks involved when small-scale IPP business partners participate in 
small-scale hydroelectric development, which requires time until initial investment 
recovery. Risks such as asset losses caused by floods and other events are hedged by 
making insurance payments to insurance companies to cover the period from the 
commencement of construction to when operation is underway. 
In light of the results of local studies, 1% of the initial investment amount will be paid 
yearly prior to the commencement of operations. While it is possible that 1% of residual 
value will be paid yearly after the commencement of operations, in consideration of the 
insurance against the initial investment amount, 1% of the initial investment amount will 
be paid yearly. 

 
6.4.7 Equity Ratio 

A standard 30% equity ratio will be set for private investment. 
 
6.4.8 Annual Inflation Rate 

A study of values for the past 3 years published by the government of Indonesia was 
carried out in order to determine the inflation rate (Tab. 6-5). A 10%-inflation rate will 
be used, which is the average value of the recent figures. 
 

Tab. 6-5 Recent Inflation Rate in Indonesia(Year on Year) 
Year Jan. Feb. Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2005 8.3% 9.1% 17.9% 18.4% 17.1%
2006 17.0% 17.9% 15.7% 15.4% 15.6% 15.5% 15.2% 14.9% 14.6% 6.3% 5.3% 6.6%
2007 6.3% 6.3% 6.5% 6.3% 6.0% 5.8% 6.1% 6.5% 7.0% 6.9% 6.7% 6.6%
2008 7.4% 7.4% 8.2% 9.0% 10.4% 11.0% 11.9% Average from Aug. 2005 to Jul. 2008: 10.4%

Source:
- Central Bank of Republic of Indonesia: Inflasi CPI,
http://www.bi.go.id/biweb/Templates/Moneter/Default_Inflasi_EN.aspx?NRMODE=Publishe
d&NRORIGINALURL=%2fweb%2fen%2fMoneter%2fInflasi%2f&NRNODEGUID=%7bF6
B63577-2A24-4F92-84D4-A213EDD0F734%7d&NRCACHEHINT=Guest

 
 

6.4.9 Discount Rate 
The discount rate will be the same as the inflation rate: 10%. 

 
6.4.10 Income from CDM 

An economic study will be carried out in consideration of CER unit costs of US$15 
(€11)/t-CO2, with reference to recent records. 

 
6.4.11 Corporate Tax Rate 

The corporate tax rate, as set forth in Indonesia's New Income Tax Law (promulgated 
January 1, 2009), Clause 17, will be 28% from 2009, but will be lowered to 25% from 
2010. When construction periods are taken into consideration, a 25% corporate tax rate 
has been used, because it is clear that the power stations considered in this study will 
commence operation after 2010. 
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6.5 Result of Economical Study 
A summary of the economical study for each site is shown in Tab. 6-6. 
The IRR for when the development considered in this study is not a CDM Project is 
between 4.20 and 9.93. It will take between 13 and 18 years to achieve investment 
return. Furthermore, when development is a CDM Project, the IRR is between 5.95 and 
13.32, and investment return will be achieved in 11 to 16 years. 
 

Tab. 6-6 Result of Economical Study 
 

Name 
Items 

Lodoyo 
AP Mrican Jatimlerek Menturus Mlirip New 

Lengkong 

Max. Output (MW) 1,430 1,730 1,860 
- 

(2,060) 
970 

- 
(2,690) 

Annual generation 
(GWh) 

10.44 14.33 10.81 
- 

(12.15) 
7.89 

- 
(11.47) 

Construction cost 
(Million IDR) 

54,855 53,494 39,951 
- 

(40,591) 
25,724 

- 
(62,925) 

NPV -20,038 -1,836 -1,393 - -121 - 

IRR 4.20 9.46 9.47 - 9.93 - 

W
ith

ou
t 

CE
R

 Payout time 18 13 13 - 13 - 

NPV -12,825 7,125 5,479 - 4,751 - 

IRR 5.95 12.35 12.37 - 13.32 - 

W
ith

 
CE

R
 Payout time 16 11 11 - 11 - 
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Chapter 7 Conclusions and Future Tasks 
 
7.1 Results of Study 

Tab.7-1 shows the results of the study. We confirmed that the project’s environmental 
impact is minimal, because the project uses existing facilities and generates power using 
unused renewable energy. Information such as IRR that we obtained through this study, 
however, is not sufficient for private IPP enterprises considering risks and other factors 
in Indonesia. Thus, the project needs more aggressive ideas to reduce construction costs 
and improve economic efficiency. Technological issues are listed below.  
 The information on flow rates seems highly accurate, since the study refers to data 

provided by PJT1 that manages the facilities. The study obtained annual data on the 
water levels of the dams. In regards to the heads between upstream and downstream 
sections that were measured based on water levels, the data is based on 
measurements conducted during the dry season. Thus, except at Mlirip Point that 
discharges water to the city of Surabaya at a constant rate throughout the year, there 
is a possibility that the water levels rise during wet seasons and reduces the heads.  

 It is necessary to select a construction method that will not affect the stability of the 
dam body and foundation at the Mrican Point, which is located near an existing dam.  

 Soil erosion, transportation, and accumulation are active at the Brantas River because 
of the volcanic activity of Mt. Kelud, and such activities have forced hydropower 
stations to suspend operation in the past. Thus, there is a possibility that soil 
accumulation will suspend power generation and reduce the overall amount of power 
generation.  
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Tab.7-1 Result of the Study 

 
Items Lodoyo 

AP 
Mrican Jatimlerek Menturus Mlirip New 

Lengkong 

Salient Features 

Maximum 
Discharge 

(CMS) 
48.00 23.40 41.10 (38.40) 17.60 (68.00) 

Net Head 

(m) 
5.05 9.04 4.88 (6.5) 6.32 (4.8) 

Maximum 

Output 

(kW) 

1,430 1,730 1,860 (2,060) 970 (2,690) 

Annual 
Generation 

(GWh) 
10.44 14.33 10.81 (12.15) 7.89 (11.47) 

CER 

(tCO2/Year) 
7,871.76 10,804.82 8,150.74 (9,161.10) 5,949.06 (7,441.98) 

Construction Cost 

(M IDR) 
54,855 53,494 39,951 (40,591) 25,724 (62,925) 

Financial Indicators (exclude revenue from CER) 

Payout time 

(Year) 
18 13 13 — 13 — 

NPV -20,038 -1,836 -1,393 — -121 — 

IRR 4.20 9.46 9.47 — 9.93 — 

Financial Indicators (include revenue from CER) 

Payout time 

(Year) 
17 12 12 — 11 — 

NPV -14,295 5,380 4,157 — 3,796 — 

IRR 5.56 11.73 11.75 — 12.59 — 
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7.2 Future Tasks for the Development by Private Sector 
Based on the current understanding, we will proceed to suggesting a development 
business and system scheme that include possibilities of investment deregulation such as 
future revision of the Negative List. In regards to the involvement of the Japanese side 
in the business scheme, the examination included positions similar to CER offtaker and 
CDM facilitator regardless of the presence of investment, taking into account the Kyoto 
Mechanism and the Post-Kyoto movements. 
In regards to water turbines and generators, as mentioned above, we examined the 
business scheme with an assumption of employing packaged submersible turbines and 
generators (made in Japan) that can be installed and generate power by incorporating 
them into irrigational structures and river management facilities without reducing their 
functions (for example, a device that does not require excavation of river banks and can 
withstand being underwater during flooding).  
 

7.2.1 Current Situation 
(1) Brantas River Basin 

Water resource development in the Brantas River basin has been carried out for nearly 
50 years since the First Master Plan in 1961, except during the era of Dutch control, 
depending on the needs of the time using financial assistance such as yen loans, loans 
from the World Bank and Asian Development Bank, and grant aid and loans from 
Australia. Water resource management and maintenance under the Fourth Master Plan 
are now in progress, and aged river management facilities are being repaired or 
replaced.  
Such efforts have steadily advanced development of infrastructure, as well as 
organizational and operational systems such as the River Law and river management 
businesses. The Brantas River basin is enjoying great benefits of flood prevention and 
control and a stable supply of irrigational, urban, domestic, and industrial water. The 
steady development of the Brantas River basin, especially in the province of East Java 
can be viewed as an important factor of the progress of not only the island of Java, but 
all of Indonesia.  

(2) Economics 
In Indonesia, the influx of foreign capital remains stagnant since the Asian Currency 
Crisis caused an economic downturn, and the country’s real economy has been reduced 
due to the transition towards an economic slump, affected by the global recession that 
originated in the recent Subprime Mortgage Crisis and Lehman Shock. Originally, 
private and foreign investments tend to shy away from Indonesia, because its investment 
environment and systems are still immaturely developed and the progress of policy 
establishment is slow. On top of that, the influence of recession is creating a very tough 
environment for investment; thus, the establishment of policies that overcome such 
situations is the urgent agenda of the country. 

(3) Electricity 
Alternative energy (long-term energy mix) strategy, promotion of energy conservation, 
and introduction of renewable energies are raised as major national energy strategies. 
Especially, the development of coal-fired power plants with 10,000 MW capacity (in 35 
locations) is urgently carried out today to promote conversion to non-oil energies. Also, 
as a measure against global warming (global climate change), the government of 
Indonesia is working on creating the Second Crush Program that mainly deals with 
renewable energies such as hydropower and geothermal energy; large-scale hydropower 
development is emphasized in this program.  
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Although economic efficiency is readily achievable in large-scale hydropower 
development for their scale-based advantages, the development is associated with 
problems such as its impact on the natural environment, such as the conservation of 
species diversity, and consideration towards society, such as the relocation of residents 
and removal of their lands, as well as relief for the socially vulnerable.  
On the other hand, the development of medium to small hydropower stations that use 
existing flows or unutilized heads of irrigational facilities has advantages including 
small environmental impact and short development lead time. An impediment to such 
development, however, is inferior economic efficiency to large-scale hydropower 
development. 

(4) Regulations 
The Negative List of the 2007 Presidential Regulations (No. 76 and 77) on New 
Investment Law positions “power generation up to 10 MW” in “the field reserved for 
trifling or small to medium businesses," which is the business field that basically 
restricts involvement of large companies and foreign capitals. Although December 2007 
Presidential Regulation No. 111 provided deregulation to “exempt already involved 
business from the restriction," the involvement of new businesses is still restricted. The 
Negative List is reportedly revised once every six months, but there has been no change 
since December 2007.  
Capital of 200-300 x 109 Rp (approximately 2 to 3 billion JPY) is required to implement 
a 10 MW power generation business. It is difficult for a trifling or small to medium 
business to pull off projects of such scale, and the regulations seem to be impeding 
development of medium to small hydropower development, which is a renewable 
energy. 
 

7.2.2 Project Schemes 
The potential of small hydropower stations in the Brantas River basin this study found 
out was approximately 10 MW, most of which was plans that would utilize river 
management facilities and water resource management facilities within the river basin. 
Organizations that are in charge of managing the facilities are PJT1 and the Ministry of 
Public Works, and the presumption of the project is to cooperate with these 
organizations.  
The expected main business entity of this project is either a joint enterprise with 
Indonesian businesses or an Indonesian power generation business. Fig. 7-1 and Fig. 7-2 
show the system structures of the two business entities.  
The investment restriction on small hydropower development of 10 MW or larger will 
be the impediment when the development uses foreign capital including Japan’s. Thus, it 
is necessary to conduct detailed investigations on unutilized hydropower potential in the 
Brantas River basin and the adjacent Solo River basin and explore packaged 
development of the potential of the total of 10 MW as one of the ways to counteract the 
restriction. Also, efficient development will be possible by creating a decentralized 
small-scale hydropower development plan, streamlining the plan designs, and 
standardizing facilities.  
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Fig. 7-1 Project Scheme by Joint Venture with Indonesian Firms 
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Fig. 7-2 Project Scheme by Indonesian Firms 

 



7-7 

7.2.3 Interest of Major Power Utilities in Indonesia  
We confirmed the interest of Indonesia Power (PT.IP) and Java-Bali Power Company 
(PT.PJB), who are major power companies and subsidiaries of PLN in Indonesia, on 
power development plans at the investigated locations in the Brantas River basin. They 
expressed interest in small-scale hydropower development as renewable energy, but 
anticipated that the development in these locations would be difficult for the time being 
because of their current financial standing and the business environment (especially in 
terms of fundraising). They told us that the geographical business boundary between 
PT.IP and PT.PJB was unclear, and there would be no problem for either company to 
carry out development in the Brantas River basin.  
PJT1, which manages irrigational facilities and dams, was considering involvement in 
hydropower business in the future and acknowledged a possibility of becoming a power 
generation enterprise in the future. Thus, there is a possibility that they will be involved 
in hydropower utilization businesses in addition to water resource management business. 
Since operation of power stations is closely related to the operation of irrigational 
facilities and dams, it is necessary to keep an eye on their movements.  
The Ministry of Public Works expressed great enthusiasm for submersible water 
turbines and generators that will not reduce the functions of irrigational facilities and 
river management systems or require a major transformation of existing facilities. 
 

7.3 Possibility of ODA Scheme 
The project examined in this study has little environmental impact, and its IRR will be 
10% or higher when registered as a CDM project. When focused on these perspectives, 
this project will probably be categorized as an excellent investment case among small 
hydropower projects.  
Unfortunately, however, because of Indonesia's Negative List of investment, new IPP 
enterprises may not get involved in the project that this study targeted at this point. Also, 
there are not enough incentives for existing small-scale IPP enterprises to be actively 
involved in small-scale hydropower projects for the following reasons: the international 
financial instability makes it difficult to predict economic perspectives; the common 
payment interest of the Indonesian market is 10% or higher; and the investment scale is 
not necessarily small. The strongest candidate is enterprises (for example IP and PJB) 
that already have stable revenue and are capable of making investment under long-term 
perspectives in addition to having a small-scale hydropower development license. 
Interviews in this study revealed that even such enterprises were not in a position of 
implementing aggressive development because of the global financial trend. On the 
other hand, it is also possible for the effective utilization of unexploited renewable 
energy and reducing greenhouse gases in order to have sufficient reasons for 
development as environmental awareness has increased in recent years. Thus, this 
section explores the possibility of ODA-based development in target sites of this study. 
In regards to involvement with ODA, as mentioned in Chapter 1, it will be difficult for 
medium to small hydropower development like this project to be selected as a priority 
project under the circumstance that the Indonesian government’s initiatives are getting 
strengthened on foreign assistances. Nonetheless, given the possibilities that the 
National Energy Strategy will be aggressively developed, the reconstruction of  a 
hydropower master plan that includes small-scale hydropower in Indonesia will be 
necessary, and upon completion of the plan, medium to small scale hydropower 
development as an integrated program with ODA might be promoted. Also, medium- to 
small-scale hydropower development under the PPT scheme that attempts to coordinate 
introduction of the private sector’s vitality and assistance on social structure 
construction is also considered as a way to utilize effective ODA. 
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The development of medium- to small-scale hydropower that utilizes irrigational 
facilities and river management facilities like this project can be efficiently carried out 
by coordinating construction with the repair and replacement of existing facilities.  
Development that utilizes assistance that focuses on global environmental problems like 
the subsidy scheme of the Co-benefit CDM Project that Japan’s Ministry of the 
Environment has been promoting since 2008 is also a possibility. Subsidies are paid 
after power stations begin operating under the subsidy scheme of the Ministry of the 
Environment; thus, it is desirable to consider using a subsidy scheme that reduces the 
burden of fundraising for initial investment.  

 
7.3.1 Development under Kyoto Protocol 

Since the ratification of the Kyoto Protocol, subsidies to promote CDM projects have 
been implemented mainly to assist the preparation of F/S and PDD (Project Design 
Documents) by organizations including the Global Environment Center Foundation 
(GEC) and the New Energy and Industrial Technology Development Organization 
(NEDO). In recent years, however, the Ministry of Environment and JICA are 
implementing new schemes.  
Japan’s Ministry of the Environment has been advancing subsidy scheme for co-benefit 
style CDM projects. In the on-site investigation of this study, there were also opinions 
that it would be desirable to explore subsidy schemes that would reduce burden of 
funding at the initial phase of investment because the subsidy scheme of Ministry of the 
Environment would provide payments after power stations went on line.  
The next section explores the suitability of Program Grant Aid for Environmental and 
Climate Change (released in August 2008) that is being implemented by JICA in the 
framework of Cool Earth Partnership.  

 

7.4 Development in the Program Grant Aid for Environment and Climate Change 
7.4.1 Background of the Program Grant Aid 

In the speech of then Prime Minister Fukuda at the Davos Conference in January 2008, 
Japan proposed Cool Earth Partnership as one of the assistances for developing 
countries with willingness to work on both CO2 emission reduction and economic 
growth and to contribute to prevent climate change. Japan decided to actively cooperate 
with developing countries’ efforts to reduce emissions such as energy conservation 
efforts and provide assistance to developing countries that would suffer serious damages 
due to climate change. The Program Grant Aid for Environment and Climate Change 
was implemented as part of such policy. Fig. 7-3 shows the outline of Cool Earth 
Partnership. In this figure, Grant Aid in the Figure is the program aid described above.  
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Source: http://regserver.unfccc.int/seors/attachments/file_storage/3qqhyiq4mrmv67n.pdf

Up to US$ 2 billion

Technical assistance

Assistance through
international organizations

Grant Aid 

Assistance for adaptation and
improved access to clean energy;
promote sustainable development

(e.g.)
Forest conservation, measures against 
disasters related to climate change 
(including disaster prevention) such as 
drought and floods,electrification of 
rural communities by introduction of
solar power generation and small-
scale hydro energy

Developing countries
(on the basis of
policy consultation)

Vulnerable
countries

Eligible countries
to ODA loan

Other funds

Projects
Projects

Assistance for
mitigation

Transfer 
Japanese 

technology 
and promote 

GHGs
emission 

reductions at 
global level

“Climate change
Japanese
ODA loan”
(US$4billion)

“Climate change
Japanese
ODA loan”
(US$4billion)

Other public funds

JBIC

NEXI

NEDO
etc.

Up to US$ 8 billion
Assistance for adaptation & 
improved access to clean 
energy

(e.g.) Improvement in energy
efficiency of power generation

Encourage private
finance and promote
technology transfer

Japan will also 
contribute up to $1.2
billion to the newly 
established Climate
Investment Funds.

Private sector 
activities
and funds

 
 

Fig. 7-3 Overview of “Cool Earth Partnership” 
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7.4.2 Scheme of the Program Grant Aid 
(1) Type and Methods of the Support 

Target fields of the assistance of the Program Grant Aid for Environment and Climate 
Change include fields that are relevant to measures against climate change (1. the 
measure to adapt, 2. the measure to alleviate, and 3. assistance on access to clean 
energy). In specific, targets include assistance on establishing policies and plans to 
prevent global warming such as efforts to reduce greenhouse gas emissions in 
developing countries (assistance on program establishment) and specific efforts that are 
considered to be highly necessary to realize these policies and plans (assistance on 
program implementation).  
Contents of assistance will be assistance on program establishment ○a  and assistance 
on program implementation ○ａ  for the time being. One of the assistances or a 
combination of the two will be implemented depending on the country’s conditions. 
Contents of the assistance on program establishment include dispatching experts and 
researchers to assist establishment of policies and plans (programs) against global 
warming. Assistance on program implementation is assistance on specific efforts and 
categorized into □1  comprehensive assistance type and □2  equipment provision type.  
The Program Grant Aid for Environment and Climate Change requires explanation of 
relevancy between contents of a case and measures against climate change. It is 
supposed to be differentiated from cases that can be dealt with under existing schemes, 
and cases will be flexibly implemented in regards to under which schemes assistances 
will be provided, including the Program Grant Aid for Environment and Climate 
Change. 
 
As a general rule, JICA will carry out pre-investigations of assistances. JICA is also in 
charge of implementation management after signing Exchange of Notes. Procurement 
agencies will be in charge of fund management and construction management, and the 
degree of involvement in these operations is flexibly carried out depending on countries 
that receive the assistance. 
The most suitable assistance to the project of this study is ○b  assistance on program 
implementation - □1  comprehensive assistance type based on the project scale. Fig. 7-4 
shows the procedure of comprehensive assistance type.  
Applications are accepted any time in fiscal 2009. After fiscal 2010, applications will be 
accepted at Japanese embassies from the government of the receiving end through 
request investigation process. Embassies and JICA offices categorize cases by paying 
attention to relevancies with other cases. Requests from embassies are closely examined 
at International Cooperation Bureau of Ministry of Foreign Affairs, where decision is 
made on whether the case will go on to investigation by JICA. After JICA’s 
investigation, a financial implementation committee is held to discuss an 
implementation system and then the case is actually implemented.  
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*   Report A: Progress Report
** Report B: Accomplishment Report on Climate Control
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Source: Program Grant Aid for Environmental and Climate Change (Directions and 

Procedures), August 2008. 
 

Fig. 7-4 Flowchart of the Procedure of Program Support (Total Support) 
 

(2) Present Situation 
Since Indonesia is a target country of the Program Grant Aid for Environment and 
Climate Change, it is possible to use this framework to implement some developments.  
In a yen-loan framework for measures against climate change, a separate framework 
from the Program Grant Aid for Environment and Climate Change, provision of 
large-scale loan with a limit of 30.8 billion yen to Indonesia was already decided in 
August 2008. In the framework of the Program Grant Aid for Environment and Climate 
Change, E/N on “the Project for the Improvement of the Storm Water Drainage System 
in Dhaka City” (1,215 million yen) was concluded as the first project in February 2001. 
Main target countries in the future are expected to be states in Africa and the South 
Pacific. 
As mentioned above, Indonesia is not an emphasized nation, and a large-scale yen grant 
on measures against climate change has already been implemented. But based on the 
perspectives on budget scale and reduction of greenhouse gas emissions, there is a 
possibility that the hydropower project of this study can be carried out under the scheme 
of the Program Grant Aid for Environment and Climate Change. 
 

7.4.3 Future Tasks for the development under the Program Grant Aid 
A request from the country on the receiving end is necessary to be selected in the 
Program Grant Aid for Environment and Climate Change; as a first step, it is necessary 
to determine a main entity of the project. Based on the local investigation, IP, PJB, PJT1, 
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and PLN will be the organizations that can be main entities. The best option is that PLN, 
which is a national power company, becomes the main entity of implementation as long 
as the project mainly aims to provide electricity and is based on the concept that it will 
reduce greenhouse gas emissions by replacing fossil fuel based electricity with 
renewable energy. If IP and PJB, which are subsidiaries of PLN, are to become main 
entities, the meaning of the development of installed projects must be clarified. If PJT1 
is to become a main entity, it must be clear that the purpose of the project is water 
resource management. 
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Schedule of Site Visit



Days Date Schedule Stay

1 Oct 19
(Sun)

2 Oct 20
(Mon)

3 Oct 21

(Tue)

4 Oct 22 Meeting (PJT1)

(Wed) Jakarta -> Malang

5 Oct 23

(Thu)

6 Oct 24

(Fri)
7 Oct 25

(Sat)
8 Oct 26

(Sun)
9 Oct 27

(Mon)
10 Oct 28 AM: Field survey

(Tue) PM: Surabaya -> Jakarta

11 Oct 29

(Wed)

12 Oct 30

(Thu)
13 Oct 31

(Fri)
14 Nov 1

(Sat)
15 Nov 2

(Sun)
16 Nov 3

(Mon)
-

Flying overnight

Jakarta

Jakarta

Meeting (Japanese embassy, DNA)

Settlement of expenses

Indonesia -> Japan

Return to Japan

Schedule of 1st Site Visit

Japan -> Indonesia

Meeting (BPPT, Hazama, FFEL, PJB)

Jakarta

Jakarta

Meeting (Ministry of Public Works, consulting company, two
hydropower generation companies)

Operation meeting (JBIC)

Field survey

AM: Move Jakarta -> Surabaya
PM: Meeting (PLN, Ministry of Public Works, Environment
Bureau)

Field survey, meeting (PJB, PJT1, PLN)

Field survey, meeting (PLN, PPLH, PIC)

Field survey

-

Jakarta

Malang

Kediri

Surabaya

Jakarta

Malang

Jakarta

Surabaya

Surabaya

Surabaya



Days Date Schedule Stay

1 Jan 17
(Sat)

2 Jan 18
(Sun)

3 Jan 19

(Mon)

4 Jan 20

(Tue)

5 Jan 21

(Wed)

6 Jan 22

(Thu)
7 Jan 23

(Fri)
8 Jan 24

(Sat)
9 Jan 25

(Sun)
10 Jan 26

(Mon)

11 Jan 27

(Tue)

12 Jan 28 Meeting (PLN)

(Wed) Surabaya -> Japan
13 Jan 29

(Thu)

Flying overnight

Jakarta

-

Meeting (JETRO and others)

Jakarta -> Surabaya

Jakarta

Malang

Surabaya

Surabaya

Jakarta

Schedule of 2nd Site Visit

Japan -> Indonesia

Meeting (FFEL)

Jakarta

Jakarta

Return to Japan -

Jakarta

Jakarta

Meeting (PJT1)
Field survey

Surabaya -> Malang

Surabaya

Meeting (Hydropower generation company and others)

Meeting (FFEL)

Meeting (IP)

Meeting (Japanese embassy, JBIC)
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Photos of Site Survey



2-1

Kediri Rain Gauge Station New Lemgkong Barrage

Survey Work Lodoyo AP SHEP Survey Work Mrican SHEP

Meeting with PJT1 Meeting with PLN Kediri
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Candidate Connection Point with Grid
(Mrican SHEP)

Existing Small Hydropower Station (IPP,Pmax=25kW)

Connection Point of Existing
Small Hydropower Station

New Lengkong Barrage Operating Room

Water Level Gauge (Jatimlerek Rubber Dam)

Connection Point of Existing
Small Hydropower Station
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Meteorological Data



: Bendungan Wlingi
: 08 ° 08' 36'' LS

101 ° 52' 24'' BT

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 27.5 25.5 25.3 25.5 25.8 25.4 25.4 25.5 24.2 25.9 26.2 26.2

Maximum Temperature °C 33.6 32.0 32.1 31.9 32.1 31.5 31.5 31.8 30.3 31.8 31.4 31.8
Minimum Temperature °C 24.3 22.0 22.3 22.3 22.5 22.4 22.0 21.9 20.7 22.0 23.2 23.5
Maximum Temperature °C 36.0 35.0 34.0 34.0 34.0 34.0 33.0 33.0 34.0 34.0 34.0 32.0
Absolute Minimum Temperature °C 23.0 21.0 21.0 20.0 21.0 21.0 20.0 20.0 19.0 21.0 22.0 23.0

2 Average Relative Humidity % 77 82 83 83 81 81 81 72 80 80 80 80
Maximum Relative Humidity % 94 98 98 96 92 100 100 100 96 100 96 96
Minimum Relative Humidity % 36 57 45 54 50 41 45 38 48 40 52 55

3 Rain Fall Millimeter 129 179 503 272 67 159 190 9 114 327 260 401
Rain Day Day 7 13 21 18 6 9 13 2 10 15 17 16
Maximum Rain Millimeter
Tanggal.Hujan Maximum

4 Sunshine Day % 67 60 53 58 66 58 64 78 56 49 50 52
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 151.2 114.8 108.5 109 105 96.1 75 89.9 117 105.4 102 117.1
7 Wind Velocity Km/hour 1.4 1 0.8 0.7 0.5 0.8 0.6 1.5 1.2 1.4 1 0.8

Wind Direction Wind Direction N N N N N N N S N N N N
Maximum Wind Velocity Km/hour 7.2 3.6 3.2 3.6 3.5 2.4 3.6 7.2 7.2 7.2 7.2 7.2

8 Average Air Preasure 1005 1005 1004 1004 1004 1003 1003 1004 1005 1004 1003 1004
Maximum Air Preasure
Minimum Air Presure

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 25.7 25.1 25.6 25.4 25.4 25.9 24.6 25.7 25.0 25.5 25.6 26.3

Maximum Temperature °C 31.3 30.6 31.6 31.2 32.5 32.7 31.2 32.7 31.3 31.2 31.7 31.8
Minimum Temperature °C 22.8 22.3 23.2 22.3 21.4 21.5 20.3 20.9 21.0 22.5 22.3 23.4
Maximum Temperature °C 34.0 33.0 33.0 33.0 34.0 34.0 33.0 34.0 33.0 34.0 34.0 34.0
Absolute Minimum Temperature °C 21.0 21.0 22.0 20.0 19.0 19.0 18.0 18.0 16.0 20.0 21.0 23.0

2 Average Relative Humidity % 82 81 81 83 74 77 71 69 67 74 78 80
Maximum Relative Humidity % 98 98 96 96 99 96 99 99 100 99 100 96
Minimum Relative Humidity % 56 55 55 55 35 44 30 24 23 37 41 56

3 Rain Fall Millimeter 242 156 162 175 38 1 59 - 51 94 280 241
Rain Day Day 14 14 16 10 6 1 1 - 1 7 15 21
Maximum Rain Millimeter 62 44 54 88 12 1 59 - 51 41 100 48
Tanggal.Hujan Maximum 29 21 21 16 14 3 3 - 26 20 3 9

4 Sunshine Day % 44 45 44 54 75 80 78 81 79 61 51 47
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 111.6 92.4 105 93 115 117 112 127 127 127 102 105
7 Wind Velocity Km/hour 0.7 1.4 1.2 0.9 0.8 1.5 1.6 2.2 2.9 2.2 1.3 1.3

Wind Direction Wind Direction N N N N N N N N N N N N
Maximum Wind Velocity Km/hour 4 11 11 7 7 11 11 11 11 14 11 11

8 Average Air Preasure 1000.9 1003 1007 1003 1004.4 1005.6 1005.2 1006.5 1005.1 1004.5 1003.8 1003.2
Maximum Air Preasure 1005.4 1003.5 1005 1005 1005.8 1006.7 1006.7 1008.1 1007.2 1006.3 1005 1005
Minimum Air Presure 999.6 1005.8 999.5 1001.1 1003.2 1004.1 1004.5 1004.4 1002.3 1001.4 1002.7 999.6

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 26.6 26.6 26.8 26.8 26.9 25.2 25.0 25.3 27.1 25.6 25.9 26.3

Maximum Temperature °C 31.2 32.0 32.6 32.7 33.3 31.4 31.5 32.3 32.6 30.6 30.8 31.5
Minimum Temperature °C 23.2 23.7 23.8 23.8 23.6 21.3 20.7 21.5 24.1 23.1 23.5 23.1
Maximum Temperature °C 34.0 34.0 35.0 34.0 34.0 33.0 34.0 36.0 35.0 34.0 34.0 33.0
Absolute Minimum Temperature °C 20.0 22.0 23.0 23.0 20.0 19.0 18.0 18.0 21.0 21.0 22.0 21.0

2 Average Relative Humidity % 78 79 80 82 81 79 78 75 76 78 79 78
Maximum Relative Humidity % 100 100 100 100 98 98 100 100 100 100 98 98
Minimum Relative Humidity % 50 55 41 50 76 38 29 32 35 35 46 53

3 Rain Fall Millimeter 163 221 212 157 72 25 8 - - 143 196 156
Rain Day Day 16 15 16 13 7 4 1 - - 9 15 5
Maximum Rain Millimeter 49 48 48 70 22 19 8 - - 53 76 70
Tanggal.Hujan Maximum 28 26 12 30 15 3 30 - - 17 11 11

4 Sunshine Day % 52 34 47 49 70 76 74 79 74 49 33 68
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 87 107 115 90 96 84 105 136 156 133 93 149
7 Wind Velocity Km/hour 2.2 2.4 1.2 0.9 1.3 0.9 3 1.9 2.4 2.4 1.4 2.2

Wind Direction Wind Direction N N N N N N N S N S N N
Maximum Wind Velocity Km/hour 14/N 22/W 11/N 7/S 14/N 7/N 11/N 7/N 11/N 14/S 7/N 14/N

8 Average Air Preasure 1002.9 1002.8 1003.2 1003.5 1003.9 1005.1 1004.6 1005.2 1005.2 1003.9 1003.4 1003.4
Maximum Air Preasure 1005 1004.5 1005 1005 1006.7 1007.2 1005.8 1007.2 1006.7 1006.3 1007.2 1005
Minimum Air Presure 1001 1000.1 1000.4 1002.3 1001.8 1001.8 1001.8 1002.7 1003.2 1001.4 1001.4 1002.7

Climatology Data 2000
Unsur Klimatologi

: Wlingi
: Wlingi

Climatology Data 1999
Unsur Klimatologi

Post Name
Coordinate

Village
Sub. District

: Blitar
: 174 m

Climatology Data 1998
Unsur Klimatologi

Regency
Height

3-1-1



: Bendungan Wlingi
: 08 ° 08' 36'' LS

101 ° 52' 24'' BT

: Wlingi
: Wlingi

Post Name
Coordinate

Village
Sub. District

: Blitar
: 174 m

Regency
Height

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 25.8 25.5 25.4 25.1 25.5 25.3 24.9 24.8 26.7 26.3 26.1 25.7

Maximum Temperature °C 31.4 30.6 31.5 31.2 32.3 31.3 30.9 31.5 32.2 31.5 30.5 30.1
Minimum Temperature °C 22.9 23.2 22.0 21.7 21.6 21.8 20.9 20.3 23.1 23.7 23.4 23.3
Maximum Temperature °C 330.0 33.0 33.0 33.0 33.0 33.0 32.0 33.0 34.0 33.0 33.0 34.0
Absolute Minimum Temperature °C 20.0 21.0 21.0 19.0 19.0 20.0 17.0 17.0 21.0 22.0 22.0 22.0

2 Average Relative Humidity % 81 78 81 81 79 80 78 76 70 77 80 80
Maximum Relative Humidity % 96 94 98 98 96 100 98 96 100 100 96 98
Minimum Relative Humidity % 55 52 45 54 62 44 38 51 33 47 57 54

3 Rain Fall Millimeter 249 255 255 146 110 194 - - - 70 192 302
Rain Day Day 17 15 15 8 6 11 - - - 7 13 17
Maximum Rain Millimeter 125 46 102 43 39 69 - - - 42 36 44
Tanggal.Hujan Maximum 27 7 11 3 8 3 - - - 24 16 31

4 Sunshine Day % 44 40 54 59 85 75 73 79 74 46 52 43
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 99.2 112 120.9 111 225 102 120.9 142.6 162 133.3 105 117.8
7 Wind Velocity Km/hour 1.2 2.8 1.2 0.8 1.3 1.3 1.7 1.9 3.1 2.1 1.8 2.1

Wind Direction Wind Direction N N N N N N N S S S S S
Maximum Wind Velocity Km/hour 7.2/N 18/NW 10.8/N 7.2/N 10.8/N 14.4/SE 18.0/S 10.8/S 10.8/S 14.4/SE 10.8/S 7.2/S

8 Average Air Preasure 1002.9 1002.3 1003.8 1004.3 1005.5 1005.5 1005.9 1006.6 1006.4 1006 1005.6 1005.8
Maximum Air Preasure 1004.1 1006.3 1006.3 1006.3 1006.7 1007.2 1007.6 1008.6 1007.6 1007.6 1006.7 1007.6
Minimum Air Presure 1001.8 997.4 1001.8 1002.7 1004.5 1003.2 1004.1 1005 1005.4 1004.1 1004.4 1004.1

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 25.6 26.9 26.7 26.1 26.7 25.6 25.1 24.1 25.3 27.4 28.4 27.8

Maximum Temperature °C 31.5 31.8 32.7 32.0 32.8 32.4 32.1 31.0 31.0 32.5 33.6 34.1
Minimum Temperature °C 24.2 24.3 23.7 22.0 21.7 20.8 20.5 19.2 20.9 22.4 25.3 25.2
Maximum Temperature °C 34.0 34.0 35.0 35.0 34.0 34.0 34.0 33.0 32.0 36.0 37.0 37.0
Absolute Minimum Temperature °C 23.0 23.0 22.0 22.0 20.0 18.0 18.0 17.0 18.0 21.0 24.0 23.0

2 Average Relative Humidity % 82 79 82 81 81 77 73 72 73 74 76 78
Maximum Relative Humidity % 96 96 96 98 96 96 98 98 96 96 96 98
Minimum Relative Humidity % 53 52 53 49 46 42 28 40 42 32 43 48

3 Rain Fall Millimeter 378 400 345 94 45 - - - - - 46 300
Rain Day Day 16 16 18 10 3 - - - - - 5 18
Maximum Rain Millimeter 121 101 113 21 28 - - - - - 12 50
Tanggal.Hujan Maximum 29 3 31 2 10 - - - - - 16 30

4 Sunshine Day % 55 48 60 68 83 92 87 85 73 88 59 65
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 127.1 120.4 145.7 126 142.6 159 164.3 217 144 195.3 171 133.3
7 Wind Velocity Km/hour 1.6 2.7 1.4 1.3 1.2 1.9 2.1 3.6 3.6 3.7 2.1 1

Wind Direction Wind Direction S N S N N N S S S S S S
Maximum Wind Velocity Km/hour 10.8/N 14.4/N 10.8/S 10.8/N 7.2/N 10.8/N 10.8/S 10.8/S 10.8/S 10.8/S 18.0/W 7.2/S

8 Average Air Preasure 1005.8 1006.6 1005.9 1004.5 1004.8 1006.4 1007.5 1007.1 1007.7 1007.6 1007.4 1006.8
Maximum Air Preasure 1008.5 1009 1007.9 1008.6 1008.1 1009 1009 1009.4 1009 1009.4 1009 1010.3
Minimum Air Presure 1004 1004.5 1003.9 999.7 1001.4 1004.6 1005.4 1005.9 1006.3 1005.4 1004.7 1003.2

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 27.7 27.9 28.4 28.8 28.1 27.5 26.3 25.0 26.6 27.6 26.9 26.4

Maximum Temperature °C 32.7 33.2 34.4 34.7 34.3 34.4 33.0 31.7 32.0 32.3 31.5 30.8
Minimum Temperature °C 25.0 25.1 24.8 25.1 24.0 23.3 21.7 20.9 22.5 24.8 24.5 24.1
Maximum Temperature °C 35.0 36.0 36.0 36.0 37.0 37.0 35.0 35.0 35.0 35.0 34.0 35.0
Absolute Minimum Temperature °C 24.0 24.0 23.0 24.0 214.0 21.0 18.0 18.0 18.0 23.0 23.0 23.0

2 Average Relative Humidity % 81 81 81 78 77 68 76 74 72 76 80 60
Maximum Relative Humidity % 96 98 98 94 98 100 98 96 95 96 98 100
Minimum Relative Humidity % 50 47 55 42 35 25 46 35 31 48 53 53

3 Rain Fall Millimeter 411 195 226 41 26 52 - - 28 50 344 333
Rain Day Day 17 17 14 5 3 1 - - 3 4 17 20
Maximum Rain Millimeter 116 45 45 13 12 52 - - 29 25 56 53
Tanggal.Hujan Maximum 4 27 24 3 1 20 - - 77 31 21 1

4 Sunshine Day % 62 49 71 82 70 83 85 92 77 57 44 36
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 140.1 132.7 145.7 153 142.9 145.8 164 198.1 190.5 171.1 124.8 86.1
7 Wind Velocity Km/hour 1.1 1.9 1.3 1.6 1.7 1.1 2 2.8 3.1 3.5 1.2 1.3

Wind Direction Wind Direction W W S S N N N N N N N N
Maximum Wind Velocity Km/hour 7.2/SW 7.8/N 4.5/SW 5.4/SE 6.1/E 7.2/N 10.8/S 10.8/N 6.6/NW 14.4/N 10.8/W 10.8/N

8 Average Air Preasure 1006.2 1005.5 1006.8 1006.2 1006.4 1005.2 1006 1005.9 1006.3 1006 1003.6 1003.1
Maximum Air Preasure 1008.1 1009 1009 1008.1 1008.1 1006.3 1007.7 1007.7 1009 1008.6 1005 1005.9
Minimum Air Presure 1005 1003 1003.7 1005 1004.1 1004.1 1003.7 1003.7 1005 1002.3 1001.9 1001.4

Climatology Data 2002
Unsur Klimatologi

Climatology Data 2003
Unsur Klimatologi

Climatology Data 2001
Unsur Klimatologi
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: Bendungan Wlingi
: 08 ° 08' 36'' LS

101 ° 52' 24'' BT

: Wlingi
: Wlingi

Post Name
Coordinate

Village
Sub. District

: Blitar
: 174 m

Regency
Height

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 27.4 27.0 29.1 26.2 25.8 25.3 25.3 24.5 26.0 27.3 28.2 27.4

Maximum Temperature °C 32.0 32.1 32.1 31.6 31.4 31.3 31.9 30.9 31.4 32.6 33.3 32.0
Minimum Temperature °C 24.5 24.9 24.7 23.2 22.6 21.3 21.3 20.4 22.3 24.3 25.3 24.0
Maximum Temperature °C 36.0 35.0 36.0 34.0 34.0 33.0 34.0 32.0 34.0 35.0 35.0 34.0
Absolute Minimum Temperature °C 23.0 24.0 25.0 19.0 19.0 18.0 18.0 18.0 20.0 22.0 23.0 23.0

2 Average Relative Humidity % 75 79 82 81 80 75 75 70 71 73 75 81
Maximum Relative Humidity % 99 98 96 97 99 98 99 98 97 95 95 98
Minimum Relative Humidity % 58 50 51 53 48 39 45 37 36 47 47 52

3 Rain Fall Millimeter 235 305 154 171 76 - - - 12 12 226 462
Rain Day Day 16 13 13 9 3 - - - 1 1 10 15
Maximum Rain Millimeter 60 72 61 41 58 - - - 12 12 65 129
Tanggal.Hujan Maximum 11 26 14 1 27 - - - 13 24 22 3

4 Sunshine Day % 67 47 77 72 74 85 85 78 71 77 57 48
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 147.6 124.7 154.7 152.6 165.9 181.8 246.5 310 260.1 229.7 149.1 107.5
7 Wind Velocity Km/hour 1.5 2.7 3.4 2.6 1.5 2.4 2.4 4.6 4.6 2.6 1.6 1

Wind Direction Wind Direction N N N N N N N N N N N N
Maximum Wind Velocity Km/hour 7,2/N 18,0/N 18,0/N 10,8/N 10,8/N 10,8/N 10,8/N 10,8/N 14,4/W 10,8/N 10,8/N 10,8/N

8 Average Air Preasure 1003.2 1002.3 1002.7 1002.6 1002.3 1005.2 1003.4 1004.2 1002.8 1001.4 995.6 991.3
Maximum Air Preasure 1004.8 1005 1005.4 1005.2 1005 1008.1 1004.6 1006.3 1004.6 1005 1003.7 993.9
Minimum Air Presure 1000.6 999.2 1000.1 1000.1 1000.6 1003.2 1002.8 1002.3 1000.6 995.2 989 989

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C * * * * * * * 23.7 26.7 25.7 27.1 25.5

Maximum Temperature °C * * * * * * * 30.5 31.3 30.7 31.7 32.6
Minimum Temperature °C * * * * * * * 20.0 23.8 24.1 24.0 22.9
Maximum Temperature °C * * * * * * * 34.0 34.0 34.0 34.0 35.0
Absolute Minimum Temperature °C * * * * * * * 16.0 20.0 21.0 21.0 21.0

2 Average Relative Humidity % * * * * * * * 69 74 77 79 85
Maximum Relative Humidity % * * * * * * * 100 100 96 98 98
Minimum Relative Humidity % * * * * * * * 30 47 47 50 59

3 Rain Fall Millimeter * * * * * * * 11 8 199 89 579
Rain Day Day * * * * * * * 1 2 6 9 18
Maximum Rain Millimeter * * * * * * * 11 6 73 22 101
Tanggal.Hujan Maximum * * * * * * * 16 27 24 17 10

4 Sunshine Day % * * * * * * * 80 71 * * *
5 Sun Radiation Cal/cm2 * * * * * * *
6 Avaporation Millimeter * * * * * * * 162.7 177.9 158.1 141 91.8
7 Wind Velocity Km/hour * * * * * * * 2.1 2.5 2.2 1.6 0.9

Wind Direction Wind Direction * * * * * * * N N S N N
Maximum Wind Velocity Km/hour * * * * * * * 10.8 10.8 7.2 7.2 7.2

8 Average Air Preasure * * * * * * * 955.9 967.9 959.2 962.7 962.3
Maximum Air Preasure * * * * * * * 968.6 980.6 981 964.6 963.7
Minimum Air Presure * * * * * * * 949.5 965.5 958.3 961.5 960.1

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 27.1 26.6 27.1 25.1 26.1 24.2 23.7 24.3 26.3 27.9 26.8 25.5

Maximum Temperature °C 33.9 33.2 34.2 33.3 34.5 31.6 30.2 32.0 32.5 33.0 33.5 33.1
Minimum Temperature °C 23.8 23.8 24.1 22.5 22.3 20.0 18.9 19.0 19.9 23.9 23.1 22.7
Maximum Temperature °C 36.0 36.0 38.0 35.0 37.0 35.0 33.0 34.0 35.0 35.0 35.0 35.0
Absolute Minimum Temperature °C 23.0 21.0 22.0 21.0 20.0 15.0 16.0 12.0 17.0 21.0 20.0 20.0

2 Average Relative Humidity % 80 81 81 84 79 76 76 72 74 74 74 79
Maximum Relative Humidity % 100 100 100 100 100 99 98 98 98 96 98 98
Minimum Relative Humidity % 35 51 50 51 35 45 52 32 50 36 49 30

3 Rain Fall Millimeter 351 141 269 182 67 - - - - - 39 203
Rain Day Day 14 8 13 10 5 - - - - - 3 10
Maximum Rain Millimeter 99 27 36 69 22 - - - - - 30 44
Tanggal.Hujan Maximum 3 20 4 20 25 - - - - - 8 8

4 Sunshine Day % 39 42 55 48 60 42 73 78 78 82 76 53
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter
7 Wind Velocity Km/hour 1 1 0.9 0.6 0.2 0.5 0.7 1.4 1.7 1.9 1.9 0.5

Wind Direction Wind Direction N N N S N N N N N N N N
Maximum Wind Velocity Km/hour 10,8/N 10,2/N 14,4/W 7,2/N 3,6/N 7,6/N 7,6/N 7,2/N 7,2/N 10,8/N 7,2/N 7,2/N

8 Average Air Preasure Milibar 962 953.5 954.5 953.5 961.9 961.5 962 962.2 963.6 963.6 963.7 963.7
Maximum Air Preasure Milibar 962.3 962.3 962.3 962.3 961.9 962.3 962.3 962.3 965.9 963.7 963.7 963.7
Minimum Air Presure Milibar 961.5 961.9 961.9 961.9 961.9 960.6 961.9 961.5 962.3 962.3 960.9 963.7

Climatology Data 2006
Unsur Klimatologi

Climatology Data 2004
Unsur Klimatologi

Climatology Data 2005
Unsur Klimatologi
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: Bendungan Wlingi
: 08 ° 08' 36'' LS

101 ° 52' 24'' BT

: Wlingi
: Wlingi

Post Name
Coordinate

Village
Sub. District

: Blitar
: 174 m

Regency
Height

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Average Temperature °C 25.8 26.4 26.8 28.8 26.9 27.7 24.7 25.0 26.6 27.2 25.9 25.7

Maximum Temperature °C 32.2 33.0 32.5 32.4 32.5 33.9 31.7 30.6 31.8 32.6 32.4 31.7
Minimum Temperature °C 21.9 22.4 22.4 25.1 25.1 24.3 21.2 21.2 22.0 24.8 21.5 22.9
Maximum Temperature °C 34.0 37.0 35.0 35.0 35.0 37.0 36.0 33.0 34.0 35.0 35.0 36.0
Absolute Minimum Temperature °C 20.0 22.0 22.0 23.0 22.0 24.0 16.0 17.0 23.0 22.0 20.0 20.0

2 Average Relative Humidity % 77 85 80 82 82 80 81 80 80 75 75 80
Maximum Relative Humidity % 98 98 100 100 100 100 100 100 98 100 100 100
Minimum Relative Humidity % 55 49 45 45 40 40 40 45 53 35 30 37

3 Rain Fall Millimeter 55 275 392 284 159 87 25 0 0 102 237 512
Rain Day Day 5 10 11 6 6 1 1 0 0 5 8 21
Maximum Rain Millimeter 23 76 125 91 49 87 25 0 0 31 61 84
Tanggal.Hujan Maximum 21 26 28 16

4 Sunshine Day % 73 52 75 62 62 64 69 79 70 60 60 36
5 Sun Radiation Cal/cm2

6 Avaporation Millimeter 140.4 116.9 127.8 114.3 121.5 105.9 112.8 108.5 116.9 151.9 126.6 126.4
7 Wind Velocity Km/hour 0.6 0.3 3.1 0.2 0.4 0.8 0.8 1 1.4 1.4 6.1 0.3

Wind Direction Wind Direction N N N N N N N N N N N N
Maximum Wind Velocity Km/hour 7.2/N 3,6/N 7,2/N 3.6/N 72/N 7.2/N 7.2/N 7,2/N 7,2/N 7,2/N 3,6/N 3,6/N

8 Average Air Preasure 963.3 963.7 963.7 960.9
Maximum Air Preasure 963.7 963.7 963.7 960
Minimum Air Presure 962.3 963.7 963.7 960

Climatology Data 2007
Unsur Klimatologi
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Post Name : PG. Ngadirejo Village : Jambean
Coordinate : Sub. District : Kras

Regency : Kediri
Height :

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 28.3 27.9 28.0 28.8 28.8 27.3 27.1 27.8 27.5 27.9 28.1 27.6

°C 33.1 32.3 32.5 33.1 33.1 31.9 31.8 31.9 33.8 33.5 32.7 32.2
°C 24.2 24.3 24.2 24.5 24.5 23.9 23.6 23.6 22.6 24.4 24.1 23.6
°C 34.0 33.2 34.3 34.2 33.8 33.3 33.2 34.2 35.1 34.5 34.0 34.5
°C 22.4 23.0 23.5 23.0 19.0 22.3 22.4 23.0 22.6 22.0 23.0 21.0

2 % 71 82 83 85 85 91 86 86 79 88 88 81
% 95 97 97 99 100 100 97 97 97 98 100 100
% 35 47 49 54 54 65 51 51 44 68 69 47

3 Millimeter 358 606 224 197 66 82 82 - 14 86 191 300
Day 11 16 15 11 4 6 8 - 2 7 11 13

Millimeter

4 % 62 59 53 76 76 74 74 74 91 67 63 37
5 Cal/cm2

6 Millimeter
7 Km/hour 0.9 0.9 0.9 1 1 1.2 1 1 0.9 1.1 1 1.1

Wind Direction W E E NE E NE NE NE E W W W
Km/hour 4 3 3 5 4 3 3 3 3 3 4 4

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 27.1 26.7 27.2 27.5 27.9 26.5 25.5 26.2 26.7 25.4 25.7 25.6

°C 32.3 31.5 32.5 33.2 35.1 34.2 31.9 32.8 32.6 33.0 32.3 31.8
°C 21.9 21.9 21.9 21.7 20.7 19.7 19.1 19.2 19.4 20.3 19.1 19.4
°C 34.0 34.0 34.0 36.0 37.0 36.0 32.0 35.2 35.4 35.0 34.0 34.2
°C 21.0 21.0 21.0 20.0 19.0 18.0 18.0 18.2 17.8 18.0 18.0 17.8

2 % 83 81 81 80 79 79 79 78 79 76 78 80
% 97 97 97 98 98 99 98 98 97 98 99 98
% 64 63 61 61 59 60 40 52 54 57 58 56

3 Millimeter 179 185 224 207 106 2 28 - - 103 370 243
Day 19 17 19 14 8 2 3 - - 10 14 10

Millimeter

4 % 28 31 44 42 28 1 18 - - 23 84 67
5 Cal/cm2 17 24 8 9 9 10 5 - - 6 22 11
6 Millimeter
7 Km/hour 54 69 77 75 86 87 90 86 87 69 48 52

Wind Direction
Km/hour 106.3 112.8 114.4 119.5 118 110.3 122.1 136.2 140.1 143.9 135.5 127.6

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 25.7 25.7 26.3 26.7 26.3 26.3 26.4 26.1 26.3 27.1 27.1 26.9

°C 32.6 32.6 32.8 32.5 33.0 32.7 32.2 32.2 33.2 33.6 32.9 32.5
°C 18.9 18.9 19.7 20.9 19.6 19.8 20.6 19.9 19.6 20.1 21.3 21.4
°C 33.0 33.0 34.0 33.0 34.0 34.0 33.0 33.0 34.0 35.0 33.0 33.0
°C 18.0 19.0 18.0 20.0 19.0 19.0 19.0 19.0 19.0 19.0 20.0 21.0

2 % 77 79 87 82 80 82 82 82 83 79 85 80
% 96 98 98 98 98 99 99 99 98 97 98 98
% 57 57 57 59 61 60 62 61 62 58 63 61

3 Millimeter 220 407 287 318 201 70 32 - 33 283 218 206
Day 17 16 18 13 8 3 1 - 2 10 12 15

Millimeter 57 75 63 64 58 30 32 - 28 114 39 85
18 23 4 12 4 19 30 - 26 28 14 12

4 % 66 54 53 58 63 74 73 62 62 47 40 67
5 Cal/cm2

6 Millimeter 155.5 129.1 111.7 77.5 114.1 106.9 136.6 142 147.2 122.1 101.9 122.8
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 26.7 26.3 26.9 26.5 26.9 27.6 26.4 28.3 27.4 28.3 27.9 27.4

°C 32.3 31.5 32.8 32.9 32.3 33.7 32.3 32.9 33.4 32.9 31.9 31.3
°C 21.1 21.0 21.0 20.1 21.3 21.5 20.5 23.6 22.9 23.6 23.8 23.5
°C 34.0 34.0 34.0 34.0 33.0 35.0 35.0 35.0 35.0 35.0 35.0 33.0
°C 20.0 20.0 20.0 20.0 21.0 20.0 19.0 22.0 20.0 22.0 23.0 21.0

2 % 82 87 85 88 85 84 83 87 83 87 88 87
% 98 97 98 98 98 99 99 99 99 99 98 98
% 61 78 70 72 65 61 63 65 63 65 65 67

3 Millimeter 378 388 512 243 157 292 61 311 31 311 217 324
Day 17 15 18 9 9 11 4 15 4 15 11 10

Millimeter 63 95 70 75 46 80 35 70 18 70 72 141
27 26 12 12 3 5 22 31 24 31 4 30

4 % 47 48 56 48 66 58 58 40 60 40 44 57
5 Cal/cm2

6 Millimeter 107.3 85.7 112 76.1 138 98.6 135.8 136 134.6 136 118.2 136.2
7 Km/hour

Wind Direction
Km/hour

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2001
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2000
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 1999
Items

Average Temperature
Maximum Temperature

Items
Climatology Data 1998

Average Temperature
Maximum Temperature
Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity
Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day
Maximum Rain
Maximum Rain Day
Penyinaran Matahari
Sunshine Day
Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity
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Post Name : PG. Ngadirejo Village : Jambean
Coordinate : Sub. District : Kras

Regency : Kediri
Height :

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 28.6 26.9 27.1 27.3 26.8 26.1 25.5 25.6 25.9 27.9 28.7 28.6

°C 31.6 30.8 31.5 31.6 31.7 31.3 31.0 30.9 31.4 33.2 32.7 32.1
°C 23.6 22.9 22.7 22.9 21.8 20.8 19.9 20.3 20.3 22.6 24.7 25.1
°C 33.0 33.0 34.0 33.0 33.0 33.0 32.0 32.0 34.0 36.0 35.0 34.0
°C 22.0 20.0 21.0 22.0 19.0 18.0 17.0 19.0 20.0 20.0 22.0 23.0

2 % 91 92 90 91 89 90 92 89 89 91 92 92
% 98 98 98 98 99 98 99 99 97 99 99 99
% 78 85 72 75 72 76 86 66 85 80 86 80

3 Millimeter 379 426 335 246 129 - 14 - - 58 300 259
Day 16 19 19 13 8 - 1 - - 5 20 20

Millimeter 75 71 56 50 43 - 14 - - 42 50 46
30 26 28 5 5 - 24 - - 28 2 25

4 % 56 35 49 54 72 79 71 78 76 71 50 42
5 Cal/cm2

6 Millimeter 119.1 97.4 123.4 115.5 106.7 123.5 142.5 142.9 143.4 161.1 99.6 100.4
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 28.3 27.8 28.5 29.2 28.8 28.7 27.1 25.6 26.7 27.5 27.9 27.1

°C 32.3 31.5 32.5 33.7 32.9 32.5 32.4 32.9 33.6 33.9 33.9 32.3
°C 24.3 24.1 24.5 24.7 24.7 24.8 21.7 18.3 19.7 21.0 22.1 21.9
°C 35.0 35.0 35.0 35.0 35.0 35.0 34.0 35.0 35.0 36.0 35.0 36.0
°C 22.0 22.0 24.0 24.0 20.0 24.0 20.0 16.0 15.0 19.0 21.0 21.0

2 % 92 93 93 93 93 93 93 93 93 93 93 92
% 98 99 98 98 98 98 98 98 98 98 98 98
% 84 86 86 85 86 86 87 86 87 87 87 74

3 Millimeter 149 278 549 285 178 99 - - 2 9 431 445
Day 18 22 15 11 7 4 - - 1 4 19 21

Millimeter 59 66 110 110 66 54 - - 2 5 66 77
3 19 18 27 12 7 - - 30 3 21 4

4 % 50 44 55 47 60 65 65 93 71 66 45 47
5 Cal/cm2

6 Millimeter
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 27.4 27.1 27.7 27.4 27.1 25.3 25.5 24.9 26.1 27.0 26.8 27.1

°C 33.4 32.5 33.6 33.9 33.0 31.8 31.6 31.8 32.9 33.4 32.7 32.8
°C 21.3 21.7 21.9 20.8 21.1 18.8 19.4 18.1 19.3 20.6 20.8 21.3
°C 35.0 35.0 35.0 35.0 34.0 34.0 32.0 34.0 34.0 36.0 34.0 34.0
°C 20.0 21.0 21.0 20.0 19.0 15.0 17.0 17.0 17.0 19.0 19.2 20.0

2 % 93.0 93.0 92.0 92.0 92 92 93 92 93 92 91 93
% 98.0 99.0 99.0 99.0 99 98 98 99 98 98 98 98
% 85.0 86.0 86.0 86.0 86 86 86 86 87 86 85 87

3 Millimeter 311 322 277 237 67 7 42 - 57 48 175 450
Day 18 16 16 9 8 2 4 - 6 3 7 20

Millimeter 86 106 100 87 23 4 20 - 29 35 50 75
11 4 15 25 23 11 6 - 13 25 28 3

4 % 56 59 67 87 86 93 85 88 84 91 71 61
5 Cal/cm2

6 Millimeter 92.3 89.3 105.4 107.5 117.5 139.2 127.1 147.4 110.6 144.4 142.5 84.1
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 27.4 26.9 26.9 26.9 26.8 26.7 25.9 25.8 26.7 26.8 27.4 26.9

°C 33.2 33.0 32.9 32.9 33.8 32.9 31.8 32.5 32.7 31.7 32.4 32.0
°C 21.6 20.7 20.8 21.3 19.8 20.6 20.0 19.1 20.7 21.9 22.5 22.0
°C 36.0 34.0 34.0 36.0 34.0 35.0 33.0 34.0 34.0 33.0 33.0 33.0
°C 21.0 19.0 20.0 19.0 16.0 19.0 19.0 16.0 19.0 20.0 22.0 21.0

2 % 92 88 92 92 92 93 93 92 92 92 92 92
% 98 98 98 98 99 98 98 98 98 98 98 97
% 86 86 86 86 86 86 87 87 87 86 85 86

3 Millimeter 382 417 206 330 - 64 73 - 59 26 58 589
Day 12 15 9 12 - 7 5 - 2 4 6 22

Millimeter 92 115 50 104 - 19 37 - 40 11 20 64
8 24 6 28 - 24 12 - 23 25 4 23

4 % 79 74 78 74 96 83 82 95 89 75 81 20
5 Cal/cm2

6 Millimeter
7 Km/hour

Wind Direction
Km/hour

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2005
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2004
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2003
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2002
Items

Average Temperature
Maximum Temperature

3-2-2



Post Name : PG. Ngadirejo Village : Jambean
Coordinate : Sub. District : Kras

Regency : Kediri
Height :

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 26.6 24.3 26.7 26.2 26.4 24.9 25.2 25.2 25.3 25.7 25.6 25.7

°C 31.5 31.8 31.7 31.5 31.6 30.5 30.8 30.6 30.4 30.7 30.7 30.9
°C 21.7 21.8 21.7 20.8 21.3 19.3 19.7 19.7 20.1 20.5 20.5 20.8
°C 32.0 33.0 33.0 32.0 33.0 33.0 32.0 32.0 31.0 32.0 32.0 32.0
°C 21.0 21.0 20.0 20.0 20.0 19.0 18.0 18.0 19.0 20.0 20.0 20.0

2 % 88 92 92 91 91 88 91 91 91 91 92 92
% 97 97 98 97 97 97 97 97 97 97 97 98
% 76 86 86 85 85 85 85 84 85 85 85 85

3 Millimeter 331 297 267 384 134 27 - - - - 105 466
Day 20 11 11 11 6 1 - - - - 6 18

Millimeter 84 81 63 83 92 27 - - - - 43 198
5 10 20 10 5 20 - - - - 21 29

4 % 48 59 63 71 40 81 79 77 75 75 65 55
5 Cal/cm2

6 Millimeter 142.6 105.9 112.18 133.2 108.3 77.02 78.88 73 74.31 75.71 96.4 163.47
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 25.9 26.1 25.9 26.0 25.7 24.6 25.1 25.0 25.0 25.8 26.1 26.1

°C 30.9 31.3 30.9 31.0 30.7 30.7 30.7 30.1 30.0 30.6 30.9 31.1
°C 20.9 20.8 21.0 20.9 20.7 20.2 19.5 19.9 20.0 20.4 21.3 21.1
°C 32.0 33.0 33.0 32.0 31.0 32.0 32.0 32.0 31.0 32.0 32.0 33.0
°C 20.0 20.0 20.0 20.0 20.0 19.0 19.0 18.0 19.0 19.0 20.0 20.0

2 % 89 92 92 92 92 91 91 91 91 90 92 92
% 97 98 98 98 97 97 97 98 97 97 98 98
% 78 86 86 86 85 85 85 84 83 84 85 84

3 Millimeter 81 221 324 357 297 62 66 - - - 333 572
Day 5 5 10 17 6 5 1 - - - 12 19

Millimeter 47 90 81 93 165 26 66 - - - 75 85
21 22 20 14 6 29 19 - - - 6 3

4 % 69 65 53 42 57 64 74 40 70 * * *
5 Cal/cm2

6 Millimeter 141.13 145.05 78.63 95.93 93.27 97.04 71.19 71.69 74.7 * * *
7 Km/hour 1.4 0.9 0.8 0.8 0.7 2.7 2.6 1.8 4.2 4.4 5.6 1.8

Wind Direction
Km/hour

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2007
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2006
Items

Average Temperature
Maximum Temperature

3-2-3



: Mojosari
: 07o 30' LS

112o 30' BT

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 28.3 27.9 28.0 28.8 28.8 27.3 27.1 27.8 27.5 27.9 28.1 27.6

°C 33.1 32.3 32.5 33.1 33.1 31.9 31.8 31.9 33.8 33.5 32.7 32.2
°C 24.2 24.3 24.2 24.5 24.5 23.9 23.6 23.6 22.6 24.4 24.1 23.6
°C 34.0 33.2 34.3 34.2 33.8 33.3 33.2 34.2 35.1 34.5 34.0 34.5
°C 22.4 23.0 23.5 23.0 19.0 22.3 22.4 23.0 22.6 22.0 23.0 21.0

2 % 71 82 83 85 85 91 86 86 79 88 88 81
% 95 97 97 99 100 100 97 97 97 98 100 100
% 35 47 49 54 54 65 51 51 44 68 69 47

3 Millimeter 358 606 224 197 66 82 82 - 14 86 191 300
Day 11 16 15 11 4 6 8 - 2 7 11 13

Millimeter

4 % 62 59 53 76 76 74 74 74 91 67 63 37
5 Cal/cm2

6 Millimeter
7 Km/hour 0.9 0.9 0.9 1 1 1.2 1 1 0.9 1.1 1 1.1

Wind Direction W E E NE E NE NE NE E W W W
Km/hour 4 3 3 5 4 3 3 3 3 3 4 4

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 26.7 27.2 26.8 27.4 26.6 27.1 25.4 26.1 27.1 26.9 27.7 25.9

°C 31.4 31.2 32.1 32.3 32.0 31.8 31.2 32.8 33.9 34.4 32.2 31.8
°C 23.4 23.6 23.5 23.4 22.8 21.5 20.6 20.3 20.8 23.0 23.7 24.7
°C 33.1 32.6 34.2 34.0 33.1 32.5 33.6 34.3 34.7 36.1 34.0 33.5
°C 22.5 22.7 22.0 21.7 20.0 19.0 19.0 17.5 17.0 20.0 21.5 23.0

2 % 82 80 84 86 89 87 80 74 73 73 84 91
% 88 100 100 100 100 100 100 95 92 100 100 100
% 77 50 49 48 70 60 42 46 54 59 62 69

3 Millimeter 362 172 212 180 34 24 - - - 150 150
Day 17 10 11 7 3 2 - - - 2 9

Millimeter

4 % 59 65 57 60 83 94 90 94 88 73 60 55
5 Cal/cm2 467 385 377 388 552 521 526 546 566 527 454 42
6 Millimeter
7 Km/hour 2 1.4 1.3 1.5 0.9 0.8 1.1 2.1 2.8 1.5 1.5 1.8

Wind Direction W W W N E NE E E E E W W
Km/hour 4 3 4 5 4 1 2 4 4 3 3 4

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 25.3 25.3 26.0 26.3 25.8 25.6 26.7 24.9 24.3 25.3 26.5 26.1

°C 30.9 31.1 30.5 32.2 32.1 30.8 32.1 32.6 34.3 33.6 32.4 23.0
°C 23.5 23.5 22.7 23.8 23.7 21.6 21.3 20.6 22.0 23.5 24.1 23.5
°C 33.0 32.5 33.8 33.0 33.5 33.0 33.7 33.8 35.2 36.3 34.0 34.6
°C 22.0 21.0 22.5 22.6 22.0 21.0 19.0 19.0 20.5 22.0 21.0 21.0

2 % 92 93 93 90 92 89 86 80 80 92 90 93
% 100 100 100 100 100 100 100 100 100 100 100 100
% 66 77 76 74 76 65 45 45 45 78 66 74

3 Millimeter 150 208 417 267 76 - - - - 39 238 78
Day 16 12 12 9 6 - - - - 3 11 4

Millimeter 185 32 92 56 23 - - - - 19 89 30
24 8 14 27 16 - - - - 28 14 13

4 % 44 45 65 48 74 53 94 92 89 54 50 64
5 Cal/cm2 433.8 438.1 421 459.5 473.5 401.1 519 549.9 513.5 492.3 443.2 515.9
6 Millimeter 41 254.1 452 63.6 103 142 152.5 164.3 184.5 169 282.5 186
7 Km/hour 1.4 1 1 0.9 0.9 1.4 1.4 1.3 1.5 1.1 1.1 1.9

Wind Direction S W W W W W W W W W W W
Km/hour 4/W 3/SW 4/W 3/W 3/W 3/W 3/W 3/W 3/W 3/W 3/W 3/W

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 25.6 25.5 25.4 25.7 25.4 26.0 25.4 26.2 27.4 28.8 27.3 25.0

°C 31.6 31.8 32.0 31.2 32.5 31.8 31.8 32.4 34.3 35.0 33.5 31.8
°C 23.7 23.4 23.4 22.9 22.8 22.6 22.7 20.9 22.2 23.7 23.8 23.8
°C 33.5 33.6 33.5 34.2 33.2 33.0 33.0 34.5 35.5 36.2 37.0 33.0
°C 23.0 22.8 21.0 22.0 21.5 20.0 20.5 18.0 21.0 22.5 22.9 22.0

2 % 94 93 93 87 92 82 84 82 82 79 84 84
% 100 100 100 100 100 100 100 100 100 100 100 100
% 78 76 75 74 58 47 49 45 45 45 48 49

3 Millimeter 155 195 135 176 48 10 5 - - - 166 67
Day 8 15 9 8 2 1 1 - - - 6 8

Millimeter 42 30 28 96 31 10 5 - - - 73 12
28 22 26 9 19 12 20 - - - 16 16

4 % 40 45 60 53 58 65 76 92 89 72 63 51
5 Cal/cm2 437.5 378.2 361.2 395.9 360.6 362.7 477.5 503.1 527.3 514.1 431 454.7
6 Millimeter 230.2 182.4 175.2 268.5 180.3 151.2 144.8 183.7 203.8 182 280 129.8
7 Km/hour 1.1 1.3 1.4 1.1 1.8 1 1.3 1.8 0.9 1 1.2 1

Wind Direction W W W W W W W W W W W W
Km/hour 3/W 4/W 3/W 3/W 3/W 3/W 3/W 3/W 2/W 3/W 3/W 7/S

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2001
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2000
Items

Average Temperature
Maximum Temperature

Maximum Wind Direction
Maximum Wind Velocity

Climatology Data 1999
Items

Sunshine Day
Sun Radiation
Evaporation
Wind Velocity

Rain Fall
Rain Day
Maximum Rain
Maximum Rain Day

Absolute Minimum Temperature
Average Relative Humidity
Maximum Relative Humidity
Minimum Relative Humidity

Average Temperature
Maximum Temperature
Minimium Temperature
Absolute Maximum Temperature

: Pekukuhan
: Mojosari

Post Name
Coordinate

Village
Sub. District

: Mojokerto
: 28 m

Average Temperature
Maximum Temperature

Items
Climatology Data 1998

Regency
Height

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity
Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day
Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation
Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

3-3-1



: Mojosari
: 07o 30' LS

112o 30' BT

: Pekukuhan
: Mojosari

Post Name
Coordinate

Village
Sub. District

: Mojokerto
: 28 m

Regency
Height

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 27.7 x 28.1 28.2 27.8 27.2 26.5 26.7 27.5 28.3 29.7 28.6

°C 31.9 x 32.8 32.9 32.7 32.5 32.2 32.7 33.6 34.5 35.4 34.3
°C 23.6 x 23.3 23.4 23.0 22.0 20.8 20.6 21.4 22.2 23.9 22.8
°C 33.5 x 34.5 34.5 34.0 34.0 33.3 34.0 35.0 36.0 37.5 37.2
°C 22.5 x 22.0 22.5 21.0 20.0 19.0 20.5 19.0 19.0 22.5 22.0

2 %
%
%

3 Millimeter 468 x 323 196 2 - - - - - 23 112
Day 14 x 6 5 1 - - - - - 3 8

Millimeter 115 x 68 120 2 - - - - - 15 30
29 x 28 5 11 - - - - - 25 4

4 % 35 x 60 91 90 100 96 99 100 100 91 61
5 Cal/cm2 468.8 x 481.4 587.2 552 564.4 560.4 569.5 582 570 551 570
6 Millimeter x x x x 202 211.7 205.4 206.8 221.8 219.7 187.5 x
7 Km/hour 1.2 x 1 1.1 0.9 1 1.3 1.5 1.6 x x x

Wind Direction W x W W W W W W W x x x
Km/hour 3/W x 3/W 2/W 3/W 3/W 3/W 3/SW 3/W x x x

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 27.9 28.3 28.1 28.3 27.9 27.7 26.7 25.8 26.8 27.6 29.3 28.5

°C 32.2 32.7 32.5 33.0 32.2 33.0 31.9 32.5 32.5 32.8 33.6 33.6
°C 23.7 24.0 23.6 23.6 23.5 22.3 21.8 19.0 21.1 22.3 23.0 23.4
°C 34.5 33.0 34.0 34.0 34.0 34.0 33.5 33.0 33.0 34.0 37.0 35.0
°C 23.0 23.0 23.0 22.5 23.0 21.0 19.0 17.0 18.0 19.6 21.0 23.0

2 % * * * * * * * * * * * *
% * * * * * * * * * * * *
% * * * * * * * * * * * *

3 Millimeter 213 408 345 40 297 - - - - 7 238 284
Day 11 18 13 1 5 - - - - 1 10 5

Millimeter 34 85 58 40 105 - - - - 7 84 84
24 18 6 2 10 - - - - 30 18 18

4 % 61 41 66 86 78 93 98 99 99 98 78 80
5 Cal/cm2 462.3 474.3 463.6 477.5 454.5 576.2 565.7 583 569.4 555 543 333
6 Millimeter * * * * * 173.5 205.5 206.2 190.5 199 134 551
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C 28.6 27.9 27.9 28.2 27.8 28.5 27.6 27.3 27.2 27.4 28.4 27.6

°C 33.5 33.2 32.9 32.8 33.3 33.7 33.2 33.9 33.2 33.3 33.7 32.6
°C 23.7 22.6 23.0 23.6 22.3 23.0 21.9 20.8 21.2 22.4 23.1 22.6
°C 36.0 33.5 34.0 34.5 34.5 34.5 35.0
°C 22.0 22.0 21.0 22.0 21.0 21.0 22.0

2 %
%
%

3 Millimeter 452 - - 32 43 25 8 - - - 91 -
Day 16 - - 3 2 2 1 - - - 5 -

Millimeter 62 - - 15 25 16 8 - - - 25 -
6 - - 24 16 28 4 - - - 26 -

4 % 60 61 88 97 97 99 92
5 Cal/cm2 513.7 484.2 567 567.7 603.2 631.7 550
6 Millimeter 200.2 215.3 220.5
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C * * * * * * * * * * * *

°C * * * * * * * * * * * *
°C * * * * * * * * * * * *
°C * * * * * * * * * * * *
°C * * * * * * * * * * * *

2 % * * * * * * * * * * * *
% * * * * * * * * * * * *
% * * * * * * * * * * * *

3 Millimeter 370 459 345 119 - 83 - - 9 37 175 386
Day 13 13 11 5 - 3 - - 1 3 7 18

Millimeter 65 108 84 28 - 40 - - 9 16 42 43
4 12 28 13 - 20 - - 19 16 23 28

4 %
5 Cal/cm2 561 492 561 552 537 539.5 557 561 679.1 561 520.5 497.5
6 Millimeter
7 Km/hour

Wind Direction
Km/hour

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2005
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2004
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2003
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2002
Items

Average Temperature
Maximum Temperature

3-3-2



: Mojosari
: 07o 30' LS

112o 30' BT

: Pekukuhan
: Mojosari

Post Name
Coordinate

Village
Sub. District

: Mojokerto
: 28 m

Regency
Height

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C

°C
°C
°C
°C

2 %
%
%

3 Millimeter
Day

Millimeter

4 %
5 Cal/cm2

6 Millimeter
7 Km/hour

Wind Direction
Km/hour

No Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 °C

°C
°C
°C
°C

2 %
%
%

3 Millimeter
Day

Millimeter

4 %
5 Cal/cm2

6 Millimeter
7 Km/hour

Wind Direction
Km/hour

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2007
Items

Average Temperature
Maximum Temperature

Evaporation
Wind Velocity
Maximum Wind Direction
Maximum Wind Velocity

Maximum Rain
Maximum Rain Day
Sunshine Day
Sun Radiation

Maximum Relative Humidity
Minimum Relative Humidity
Rain Fall
Rain Day

Minimium Temperature
Absolute Maximum Temperature
Absolute Minimum Temperature
Average Relative Humidity

Climatology Data 2006
Items

Average Temperature
Maximum Temperature

3-3-3



: Kediri Village
: Sub. District

Regency
Height

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 0 0 0 20 1 17 0 0 0 17 2 2
2 0 0 12 0 0 22 0 2 0 1 1 0
3 0 22 17 9 28 0 0 1 0 0 38 1
4 1 1 10 0 0 0 0 0 0 0 22 2
5 32 83 0 0 8 0 24 0 0 0 18 0
6 87 20 1 7 0 17 3 0 0 8 0 6
7 56 3 13 4 1 0 7 0 0 0 10 0
8 0 21 38 0 0 0 0 0 0 0 0 0
9 7 48 3 2 0 3 0 1 0 0 0 0

10 0 9 0 0 0 9 21 8 0 0 0 0
11 0 0 19 1 33 2 1 0 0 0 0 0
12 0 1 13 9 0 0 0 0 0 0 0 0
13 1 0 0 0 5 0 0 0 0 0 0 0
14 57 2 27 0 0 0 0 0 0 0 16 0
15 0 2 3 28 0 104 0 0 0 0 4 53
16 26 0 23 0 19 0 2 0 0 0 10 15
17 0 1 0 1 9 39 1 1 0 0 0 42
18 0 0 9 0 0 6 0 0 0 0 0 23
19 50 9 15 0 0 14 21 0 0 19 0 7
20 2 53 0 1 0 10 0 0 6 0 0 36
21 0 0 6 12 0 3 3 0 0 17 0 44
22 9 5 4 0 0 0 27 1 12 10 0 79
23 0 0 14 4 0 2 0 0 0 0 25 6
24 0 0 0 11 0 0 0 0 5 0 0 0
25 7 7 26 13 0 0 0 0 16 0 0 0
26 9 14 0 6 0 7 23 0 3 0 0 0
27 9 1 3 12 0 0 0 12 0 7 2 1
28 0 63 1 2 0 0 25 0 0 5 7 2
29 9 2 3 0 0 0 0 0 0 0 0
30 7 0 50 0 0 0 0 0 10 4 6
31 39 30 10 0 0 0 10

Total 408.0 365.0 289.0 195.0 114.0 255.0 158.0 26.0 42.0 94.0 159.0 335.0
Average 13.2 13.0 9.3 6.5 3.7 8.5 5.1 0.8 1.4 3.0 5.3 10.8

Max. 87.0 83.0 38.0 50.0 33.0 104.0 27.0 12.0 16.0 19.0 38.0 79.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 17 19 22 19 9 14 12 7 5 9 13 17

Post Name
Coordinate

Date 1998

: Jambean
: Kras
: Kediri
:

3-4-1



: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 0 0 1 0 0 0 0 0 0 0 3 0
2 1 20 0 12 0 0 0 0 0 0 0 0
3 0 8 0 34 24 0 7 0 0 0 2 1
4 17 1 0 1 44 0 5 0 0 4 0 2
5 12 1 0 4 49 0 0 0 0 0 4 0
6 0 21 12 18 0 0 0 0 0 0 0 0
7 25 1 8 2 0 0 0 0 0 2 0 0
8 16 0 1 147 4 0 0 0 0 0 9 7
9 0 6 0 5 0 0 0 0 0 0 0 0

10 2 0 22 0 0 0 0 0 0 0 0 10
11 3 0 4 26 16 0 0 0 0 0 7 0
12 0 15 69 2 1 0 0 0 0 20 6 17
13 3 6 3 29 0 0 0 0 0 0 11 77
14 1 0 0 51 0 0 0 0 0 4 44 1
15 1 26 5 20 0 0 0 0 0 1 25 0
16 33 35 49 33 0 0 0 0 0 0 2 0
17 0 1 13 2 0 0 0 0 0 0 3 0
18 1 0 0 0 0 0 0 0 0 0 6 3
19 32 0 52 0 0 0 0 0 0 0 1 1
20 0 5 0 0 0 0 0 0 0 35 0 0
21 3 1 15 0 0 0 0 0 0 1 2 8
22 0 0 0 0 0 0 0 0 0 2 9 0
23 15 53 0 0 0 0 0 0 0 0 16 0
24 31 0 9 0 0 0 0 0 0 0 0 23
25 34 7 0 0 0 0 0 0 6 0 20 51
26 60 1 7 0 0 0 0 0 1 0 8 3
27 0 7 1 0 0 0 0 0 0 0 0 0
28 6 7 10 0 0 0 0 0 0 0 0 5
29 11 3 1 0 0 0 0 0 0 0 6
30 29 0 0 0 0 0 0 0 1 0 26
31 46 0 0 0 0 0 0 0 0 0 2

Total 382.0 222.0 284.0 387.0 138.0 0.0 12.0 0.0 7.0 70.0 178.0 243.0
Average 12.3 7.9 9.2 12.5 4.5 0.0 0.4 0.0 0.2 2.3 5.7 7.8

Max. 60.0 53.0 69.0 147.0 49.0 0.0 7.0 0.0 6.0 35.0 44.0 77.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 22 19 18 16 6 0 2 0 2 9 18 17

Date 1999

3-4-2



: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 0 3 10 2 0 0 0 0 0 0 0 0
2 3 0 0 74 0 4 0 0 0 0 1 0
3 1 0 16 0 70 0 0 0 0 0 1 0
4 1 15 0 1 0 1 0 0 0 5 0 0
5 2 15 35 0 35 0 0 0 0 0 8 0
6 0 18 2 16 0 0 0 0 0 0 0 0
7 0 20 3 29 0 0 0 0 0 0 7 0
8 4 28 19 40 0 0 0 0 0 0 31 0
9 2 32 20 0 0 0 0 0 0 0 7 1

10 0 0 0 2 0 0 0 0 0 0 3 28
11 2 0 6 0 0 0 0 0 0 0 93 41
12 29 23 32 0 0 0 0 0 0 0 0 5
13 0 6 14 0 0 0 0 0 0 0 46 15
14 0 4 0 2 0 0 0 0 0 0 0 1
15 0 0 0 16 0 0 0 0 0 0 1 0
16 0 2 0 0 0 0 0 0 0 0 3 28
17 14 2 12 81 43 3 0 0 0 7 7 2
18 11 6 1 17 0 2 0 0 0 9 0 0
19 57 14 0 0 15 0 0 0 0 0 0 0
20 6 60 43 0 1 0 0 0 0 0 1 0
21 26 0 43 1 68 0 0 0 0 0 0 0
22 1 61 7 0 0 0 0 0 0 0 67 0
23 0 0 0 4 12 0 0 0 0 0 0 0
24 0 1 0 0 0 0 0 0 0 0 2 0
25 7 16 59 0 0 0 0 0 9 3 16 0
26 7 18 0 23 0 0 0 0 0 22 0 0
27 7 0 54 0 4 0 0 8 0 20 3 0
28 0 0 1 0 0 0 0 0 0 0 1 5
29 36 0 1 0 0 0 3 0 7 3 56 0
30 33 6 7 4 0 0 0 1 0 0 0
31 3 3 0 0 0 0 0

Total 252.0 344.0 387.0 315.0 252.0 10.0 3.0 8.0 17.0 69.0 354.0 126.0
Average 8.1 11.9 12.5 10.5 8.1 0.3 0.1 0.3 0.6 2.2 11.8 4.1

Max. 57.0 61.0 59.0 81.0 70.0 4.0 3.0 8.0 9.0 22.0 93.0 41.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 20 19 21 15 9 4 1 1 3 7 19 9

Date 2000

3-4-3



: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 2 0 0 3 0 0 0 0 0 0 5 0
2 8 0 0 0 0 0 0 0 0 0 1 7
3 8 38 0 0 8 0 0 0 0 0 0 0
4 26 36 0 13 32 0 0 0 0 0 0 9
5 18 7 0 5 0 0 0 0 0 0 0 4
6 0 12 3 2 0 0 0 0 0 0 4 11
7 0 0 1 11 3 0 0 0 0 0 2 2
8 0 29 3 0 0 0 0 0 0 0 0 4
9 0 13 3 3 0 0 0 0 0 0 0 0

10 0 13 1 1 3 0 0 0 0 0 0 0
11 0 0 4 0 27 0 0 0 0 0 0 9
12 0 3 0 0 53 0 0 0 0 0 1 8
13 4 37 0 0 0 0 0 0 0 0 0 11
14 14 2 0 2 0 0 0 0 0 0 0 6
15 0 5 11 1 0 0 0 0 0 0 1 5
16 0 3 3 17 0 0 0 0 0 0 12 4
17 20 23 10 54 0 0 0 0 0 0 0 1
18 0 31 10 0 0 0 0 0 0 0 3 0
19 19 4 25 7 0 0 0 0 0 0 3 0
20 10 4 8 34 0 0 0 0 0 0 3 3
21 51 17 0 0 0 0 0 0 0 0 9 5
22 5 8 2 0 0 0 0 0 0 0 1 21
23 60 0 0 0 0 0 0 0 0 0 12 0
24 0 0 15 1 0 0 0 0 0 0 0 0
25 8 6 48 0 0 0 0 0 0 0 0 4
26 0 4 19 0 0 0 0 0 0 0 0 30
27 2 0 4 0 0 0 0 0 0 0 0 20
28 3 0 1 0 0 0 0 0 0 0 0 10
29 96 1 0 0 0 0 0 0 0 3 3
30 1 1 0 0 0 0 0 0 0 1 18
31 0 1 0 0 0 0 42

Total 355.0 295.0 174.0 154.0 126.0 0.0 0.0 0.0 0.0 0.0 59.8 235.5
Average 11.5 10.5 5.6 5.1 4.1 0.0 0.0 0.0 0.0 0.0 2.0 7.6

Max. 96.0 38.0 48.0 54.0 53.0 0.0 0.0 0.0 0.0 0.0 11.8 42.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 18 20 21 14 6 0 0 0 0 0 17 25

Date 2002

3-4-4



: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 7 3 0 0 13 0 0 0 0 0 0 8
2 34 1 5 0 0 0 0 0 0 0 11 1
3 0 20 89 0 0 0 0 0 0 0 0 3
4 0 10 0 0 3 9 0 0 0 0 0 13
5 23 0 5 1 6 0 0 0 0 0 0 27
6 6 0 0 9 0 0 0 0 0 0 0 6
7 0 11 2 21 0 0 0 0 0 0 0 30
8 0 55 41 31 14 0 0 0 0 0 0 13
9 26 7 2 0 3 0 0 0 0 0 0 116

10 0 0 6 0 0 0 0 0 0 0 0 0
11 0 0 0 0 18 0 0 0 0 0 0 0
12 0 9 0 0 0 17 0 0 0 0 0 0
13 6 0 14 0 0 0 0 0 0 0 0 0
14 26 0 46 0 0 0 0 0 0 0 0 0
15 0 76 35 0 0 0 0 0 0 0 7 0
16 8 10 0 0 0 0 0 0 0 0 9 0
17 0 60 53 0 0 0 0 0 0 0 6 0
18 0 26 0 0 0 0 0 0 0 0 11 0
19 27 6 14 0 0 0 0 0 0 0 19 5
20 46 7 0 0 0 0 0 0 0 0 16 7
21 28 0 39 0 0 0 0 0 0 0 0 1
22 41 0 32 30 0 23 0 0 0 0 0 0
23 16 0 9 0 1 0 0 0 0 0 0 22
24 18 0 0 0 0 0 0 0 0 0 0 5
25 24 0 0 0 0 0 0 0 0 0 5 39
26 24 26 0 0 0 0 0 0 0 0 0 0
27 2 0 0 0 0 0 0 0 0 0 4 0
28 47 2 0 0 0 0 0 0 0 0 0 4
29 18 0 0 0 0 0 0 0 0 0 35
30 0 0 10 0 0 0 0 0 0 0 0
31 12 0 0 0 0 15 0

Total 439.0 329.0 392.0 102.0 58.0 49.0 0.0 0.0 0.0 15.0 88.0 335.0
Average 14.2 11.8 12.6 3.4 1.9 1.6 0.0 0.0 0.0 0.5 2.9 10.8

Max. 47.0 76.0 89.0 31.0 18.0 23.0 0.0 0.0 0.0 15.0 19.0 116.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 20 16 15 6 7 3 0 0 0 1 9 17

Date 2003

3-4-5



: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 0 1 0 0 0 0 0 0 0 0 0 8
2 0 0 0 0 0 0 8 0 0 0 0 25
3 0 75 0 0 0 0 0 0 0 0 0 16
4 0 0 0 0 0 0 0 0 0 0 0 0
5 21 12 0 0 0 0 0 0 0 0 0 1
6 0 0 0 0 0 0 0 0 0 0 0 0
7 0 1 7 0 0 0 0 0 0 0 3 0
8 7 0 7 0 0 0 0 0 0 0 0 0
9 0 0 28 0 0 0 0 0 0 0 3 0

10 7 0 0 0 0 1 0 0 0 0 0 0
11 94 0 0 14 0 0 0 0 0 0 0 3
12 0 0 31 0 0 0 2 0 0 0 0 0
13 10 0 13 0 0 0 0 0 2 0 0 0
14 0 0 14 4 0 0 0 0 0 0 0 0
15 0 3 0 0 0 0 0 0 0 0 7 10
16 16 0 0 0 1 0 0 0 0 0 0 0
17 0 1 0 0 0 0 0 0 0 0 0 1
18 0 0 71 0 0 0 0 0 0 0 0 3
19 0 56 0 0 0 0 0 0 0 0 0 0
20 41 11 2 0 0 0 0 0 0 0 0 2
21 0 0 2 0 0 0 0 0 0 0 43 117
22 0 0 31 0 0 0 0 0 0 0 54 0
23 0 53 5 0 0 0 0 0 0 0 22 61
24 9 0 0 0 0 0 0 0 0 0 19 11
25 15 0 0 0 0 0 0 0 0 0 22 91
26 21 84 0 0 3 0 0 0 0 0 9 12
27 0 60 0 0 0 0 0 0 0 0 2 14
28 0 0 0 0 0 0 0 0 0 0 0 0
29 9 0 0 17 0 0 0 0 0 32 7
30 2 53 0 0 0 0 0 0 0 28 0
31 18 0 0 0 0 0 0

Total 270.0 357.0 264.0 18.0 21.0 1.0 10.0 0.0 2.0 0.0 244.0 382.0
Average 8.7 12.8 8.5 0.6 0.7 0.0 0.3 0.0 0.1 0.0 8.1 12.3

Max. 94.0 84.0 71.0 14.0 17.0 1.0 8.0 0.0 2.0 0.0 54.0 117.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 13 11 12 2 3 1 2 0 1 0 12 16

Date 2004

3-4-6



: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 0 0 0 4 16 0 0 0 0 0 0 1
2 0 0 0 0 0 0 0 0 0 0 0 8
3 0 4 0 1 0 0 0 0 0 0 0 49
4 1 7 2 57 1 0 0 0 0 0 0 0
5 8 17 58 11 0 0 0 0 0 0 0 2
6 0 0 28 0 0 0 0 0 0 0 0 0
7 8 0 0 7 0 0 0 0 0 0 0 0
8 0 0 0 1 0 0 0 0 0 0 0 1
9 0 0 0 0 0 0 0 0 0 0 0 0

10 0 14 0 0 0 0 0 0 0 0 0 5
11 0 36 7 55 0 0 0 0 0 0 0 0
12 0 1 0 2 0 0 0 0 0 31 0 0
13 0 86 7 0 0 0 0 0 0 0 0 6
14 0 61 0 1 0 0 2 0 0 0 0 0
15 0 0 2 0 0 0 0 0 0 0 0 22
16 4 3 0 38 0 0 0 0 0 0 0 32
17 0 1 0 0 0 0 8 0 0 0 0 7
18 8 0 0 0 0 0 1 0 0 0 0 1
19 0 0 0 0 0 0 0 0 0 1 9 6
20 20 1 0 0 0 11 0 0 0 0 32 14
21 1 8 0 0 0 0 0 0 0 0 1 19
22 0 37 0 0 0 0 0 0 8 0 0 11
23 0 12 0 0 0 0 0 0 0 0 0 3
24 0 0 0 0 0 0 0 0 0 1 1 2
25 13 9 3 0 0 0 0 0 0 22 0 0
26 0 0 0 0 0 0 0 0 0 0 0 2
27 0 1 0 0 0 0 0 0 0 0 74 0
28 0 0 0 0 0 17 0 0 0 0 0 47
29 3 0 0 0 17 0 0 0 0 0 40
30 0 0 0 0 7 0 0 0 0 2 3
31 0.0 2.0 0.0 0.0 0.0 0.0 7.0

Total 66.0 298.0 109.0 177.0 17.0 52.0 11.0 0.0 8.0 55.0 119.0 288.0
Average 2.1 10.6 3.5 5.9 0.5 1.7 0.4 0.0 0.3 1.8 4.0 9.3

Max. 20.0 86.0 58.0 57.0 16.0 17.0 8.0 0.0 8.0 31.0 74.0 49.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 9 16 8 10 2 4 3 0 1 4 6 22

Date 2005

3-4-7



: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 2 17 5 1 1 0 0 0 0 0 0 0
2 50 0 53 0 0 0 0 0 0 0 0 0
3 0 0 2 0 0 0 0 0 0 0 0 0
4 17 35 0 7 107 0 0 0 0 0 0 0
5 0 0 3 0 35 0 0 0 0 0 0 0
6 0 0 7 7 14 0 0 0 0 0 0 0
7 1 0 0 0 8 0 0 0 0 0 0 0
8 18 48 3 43 8 0 0 0 0 0 0 12
9 18 19 0 3 46 0 0 0 0 0 0 3

10 0 21 0 3 0 0 0 0 0 0 0 0
11 0 3 0 24 0 0 0 0 0 0 0 0
12 0 4 0 64 0 0 0 0 0 0 0 0
13 0 0 10 8 0 0 0 0 0 0 0 10
14 60 0 20 1 0 0 0 0 0 0 0 10
15 0 0 0 3 0 0 0 0 0 0 0 0
16 0 33 17 0 0 0 0 0 0 0 0 0
17 12 1 5 97 0 0 0 0 0 0 0 16
18 0 2 2 0 0 0 0 0 0 0 0 3
19 0 87 15 11 0 0 0 0 0 0 0 30
20 0 3 51 0 1 0 0 0 0 0 24 23
21 5 55 19 34 14 0 0 0 0 0 0 3
22 12 0 7 24 0 0 0 0 0 0 1 39
23 1 21 2 0 0 0 0 0 0 0 0 0
24 20 0 0 0 0 0 0 0 0 0 0 25
25 1 22 0 0 19 0 0 0 0 0 0 14
26 16 8 0 0 12 0 0 0 6 0 0 1
27 0 0 0 0 0 0 0 0 0 0 0 14
28 0 7 47 0 1 0 0 0 0 0 0 14
29 0 2 0 0 0 0 0 0 0 0 39
30 7 0 0 0 0 0 0 0 0 0 5
31 0 22 0 0 0 0 0

Total 240.0 386.0 292.0 330.0 266.0 0.0 0.0 0.0 6.0 0.0 25.0 261.0
Average 7.7 13.8 9.4 11.0 8.6 0.0 0.0 0.0 0.2 0.0 0.8 8.4

Max. 60.0 87.0 53.0 97.0 107.0 0.0 0.0 0.0 6.0 0.0 24.0 39.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 15 17 19 15 12 0 0 0 1 0 2 17

Date 2006
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: Kediri Village
: Sub. District

Regency
Height

Post Name
Coordinate

: Jambean
: Kras
: Kediri
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
1 0 0 0 0 22 0 0 0 0 0 6 25
2 11 0 0 4 2 0 0 0 0 0 2 77
3 0 15 0 1 2 95 0 0 0 0 4 34
4 0 24 8 6 0 0 0 0 0 0 15 0
5 0 1 0 0 1 45 0 0 0 0 5 0
6 0 18 73 44 0 5 0 0 0 0 16 0
7 0 18 14 0 0 3 0 0 0 0 0 25
8 0 7 9 2 0 7 0 0 0 0 1 2
9 0 10 6 5 0 0 0 0 0 0 0 21

10 0 0 0 0 0 0 0 0 0 0 0 0
11 0 0 0 17 0 0 0 0 0 0 5 57
12 0 0 0 17 0 0 0 0 0 0 0 0
13 0 0 23 0 0 0 0 0 0 0 0 11
14 0 0 0 7 0 0 0 0 0 0 0 1
15 0 1 0 5 33 0 0 0 0 0 0 0
16 0 14 1 0 1 0 14 0 0 0 0 13
17 0 2 0 7 0 0 38 0 0 0 0 0
18 0 0 1 0 6 0 3 0 0 0 0 0
19 0 0 14 4 0 3 0 0 0 0 0 18
20 30 8 27 20 7 1 0 0 0 0 0 39
21 6 5 15 0 0 0 0 0 0 0 0 0
22 50 0 51 2 0 0 0 0 0 0 0 13
23 0 0 2 0 0 0 0 0 0 0 0 2
24 0 0 0 0 0 0 0 0 0 0 0 8
25 0 0 1 1 0 0 0 0 0 0 0 58
26 0 0 15 0 23 6 0 0 0 0 0 8
27 0 3 2 2 0 0 0 0 0 0 0 5
28 0 0 0 0 0 17 0 0 0 21 0 1
29 0 48 0 0 0 0 0 0 0 0 0
30 0 1 0 0 0 0 0 0 0 0 7
31 0 26 4 0 0 11 4

Total 97.0 126.0 337.0 144.0 101.0 182.0 55.0 0.0 0.0 32.0 54.0 429.0
Average 3.1 4.5 10.9 4.8 3.3 6.1 1.8 0.0 0.0 1.0 1.8 13.8

Max. 50.0 24.0 73.0 44.0 33.0 95.0 38.0 0.0 0.0 21.0 16.0 77.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Days 4 13 19 16 10 9 3 0 0 2 8 21

Date 2007

3-4-9



Appendix 4-1~4

Drawings of Prospective Sites











 
 
 
 
 
 

インドネシア共和国・ジャワ島東部 灌漑水路網における未

利用落差を活用した小水力発電のポテンシャル調査 

 

 

 

 

和文要約 
 
 
 



1.調査の目的 

灌漑水路網等既存構造物における未利用落差を活用した小水力発電の開発は，環境イ

ンパクトが極めて小さく，一定の経済性を伴う再生可能エネルギー利用の拡大につなが

る可能性が期待される。 

ブランタス川流域の灌漑水路網は日本国政府の援助により整備されたものであるこ

とから，この水路網にさらに我が国の事業により発電設備を追加的に設置することは過

去の援助の質的向上，引いては日本国のプレゼンスの向上にも資するものと考えられる。 

さらにこの開発の促進は，2007年 8月に日本，インドネシア間で協議・決定された

「気候変動、環境及びエネルギー問題についての協力の強化に関する共同声明」のなか

で重要課題とされている再生可能エネルギーの分野における両国間の協力促進に資す

るものと思われる。 

本調査において，当社はこれまでの概略調査により確認したポテンシャル地点開発の

具現化を目的に，かかる詳細データの収集・整理を行った。報告書の構成図を図- 1に
示す。 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

図- 1 報告書構成図 

インドネシアの基礎情報 候補地点の概要 気象，地質

発電計画

CERの計算

経済性検討

結論および今後の課題



2.インドネシアの基礎情報 

インドネシアは，図- 2に示すように，Java，Sumatra，Kalimantan，Sulawesiお
よび New Guinea（Irian）島の主要 5島および約 18,100の島々からなる陸地総面積が
約 190万 km2（Tab. 1-1参照）と世界最大の島嶼国家である。 

その国土は，北緯 6°08’～南緯 11°15’，東経 95°45’～ 141°05’と東西 5,000km
にも及び，北部は Singapore，Malaysia，Brunei Darussalamおよび Philippines，南
部は Australia，西部はインド洋，東部は Papua New Guineaに接している。 

 

Source: Central Intelligence Agency (CIA) “THE WORLD FACTBOOK” ，
https://www.cia.gov/ 
library/publications/the-world-factbook/print/id.html 

図- 2  インドネシア位置図 

インドネシアは，Eurasian ・Indian・Philippine Sea・Sahulの 4つプレートが接
合し地震が多く，また活火山も多く存在する。地震の震源や火山は地殻構造を反映し，

例えばSumatra島からJava島を経てFlores島に至る弧状分布のように連続的である。 
 

ブランタス川流域の水資源開発は，旧オランダ統治時代を除けば，1961年の第 1次
マスタープランをキックに 50年間近くにわたり時代のニーズに応じて，円借款，世界
銀行・アジア開発銀行借款，オーストラリアによる無償・借款等の資金援助を得ながら

展開されてきた。現在も第４次マスタープランに基づく水資源の管理・保全が実行中で

あり，また，経年化などに伴う河川管理施設等の改修・更新が進められている。 

これらの成果により，ブランタス川流域は，ハード面の設備形成から河川法や河川管

理業務に係る体制・運用などに係るソフト面の整備も着実に実施され，ブランタス川流
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域は，洪水防御・制御や灌漑・都市・生活・工業用水の安定的確保などから生じる大き

な裨益効果を得ている。これにより，ブランタス川流域を中心とした東ジャワ州の着実

な発展は，ジャワ島ばかりでなくインドネシア国の発展の重要な要素となっていると言

える。 

 

インドネシア国は，アジア通貨危機による景気後退影響に伴う外資参入の低迷の継続，

最近のサブプライムローンやリーマンショックに起因する世界同時不況の影響による

景気減退局面への移行が実体経済の縮小をもたらし始めている。もともと，投資環境や

各種制度の整備が途上段階であり，政策の具体化が進展せず民間投資や海外投資が敬遠

される傾向にあったことに加え，不況の影響が加わり，非常に投資をしにくい事態を生

じていることから，これらの状況を打破する政策等が喫緊の課題となっている。 

 

国家エネルギー戦略は，代替エネルギー（長期エネルギーミックス）戦略，省エネル

ギー推進，再生可能エネルギーの導入が大きな柱として打ち出されており，特に，非石

油へのエネルギー転換を促進するため，石炭火力の 10,000MW緊急開発（35地点）を
実施中である。また，インドネシア政府は，地球温暖化（気候変動）対策として，再生

可能エネルギーである水力や地熱を主体とした第 2 クラッシュプログラムの策定を進
めており，大規模水力開発が重要視されている。 

大規模水力開発は，スケールメリットから経済性は確保しやすいものの，生物多様性

保全などの自然環境配慮や住民移転・土地の喪失への対策や社会的弱者への救済などの

社会環境配慮において課題があると言われる。 

逆に，流れ込み式や灌漑設備の未利用落差などを利用した中小水力の開発は，環境イ

ンパクトが小さく，開発のリードタイムも短いなどの特長を有しているものの，大規模

水力に比べ経済性に劣る面が開発障害となっている。 

 

2007年施行の新投資法に係る大統領令（第 76号，第 77号）で示されたネガティブ
リストにおいて，現時点では「10MW までの発電」は「中小・超小規模事業のために

留保される分野」に位置づけられ，基本的に大企業や外資の導入ができない事業領域に

制限されており，2007年 12月の大統領令 111号において「既存企業は対象外」と緩和
されたものの，新規事業参入は制限されたままである。ネガティブリストは，半年に１

度見直しされる情報であるが 2007年 12月以降動きはない。 

10MW の発電事業を実施するためには 200～300×109Rp（日本円では約 20~30 億
円）程度の資金を必要とすると考えられ，「中小・超小規模事業者」がこの規模の事業

を実施することは容易ではなく，再生可能エネルギーである中小水力発電の開発を阻害



していると考えられる。 
 
3.候補地点の概要 

(1)地点の概要 

本調査では，Brantas川流域に位置する６箇所の未利用落差を利用した水力発電所の
計画を策定する。これらの位置図を図- 3に示す。なお，6地点のうち，Menturus Small 
Hydroelectric Project(以下，SHEPという)および New Lengkong SHEPについては，
大規模な堰の修繕工事や周辺交通量等を考慮し，規模検討による包蔵能力の把握までの

検討を行うこととした。 
 

3.Jatimlerek

Mrican

4.Mentrus

5.Mlirip

6.New Lengkong

2.Mrican

1.Lodoyo

 
 
Source: 
http://www.jasatirta1.go.id/english/petasungai.php?subaction=showfull&id=1191738382
&archive=&start_from=&ucat=7& 

図- 3 ブランタス川流域における調査地点 

(2)環境影響 

環境影響評価の実施を必要とする事業の種類・規模については，環境担当国務大臣令

2001年第 17号（Decree of the State Ministry for The Environment, Number 17 of 
2001 on Types of business and/or activity plans that are required to be completed 
with the environmental impact assessment）により定められている。このガイドライ



ンは「工業（Industral Sector）」，「鉱物資源エネルギー（Enrgy and Mineral Resouces 
Sector）」など 14種類のセクターに区分されており，該当する事業については，以下の
4つの書類を作成し，所管官庁の承認を受けなければならない。 

 
① 環境影響評価実施計画書（以下，KA-ANDAL） 
② 環境影響評価書（以下，ANDAL） 
③ 環境管理計画書（以下，RKL） 
④ 環境モニタリング計画書（以下，RPL） 

 
本プロジェクトは発電事業でありガイドラインの「Energy and Mineral Resources 

Sector」Electricityに該当するが，本プロジェクトはダムの造成を伴わない小規模水力
発電計画で，発電規模は単独の最大が 2MW以下，6地点の合計でも 8MW程度であり，
ガイドラインの事業に該当しない。 
ただし，環境影響評価の代わりとして，UKL 及び UPL の作成及び提出が要求され

る。かかる手続きに関し監督官庁である環境省の地方部局（東ジャワ州，BAPEDALDA）
に以下の聞き取りを行った。 

・プロジェクト地点周辺は農地等の改変地であり貴重種動植物は認められない。 
・プロジェクト地点が複数の県にまたがるため，UKL及びUPLは各県への提出で
はなく，東ジャワ州の BAPEDALDAが一括して受付ける。 

 
なお，現地調査では，プロジェクト地点がすべて既改変地内に位置していることを確

認した。プロジェクト地点の環境に対する影響については，UKL 及び UPL 作成によ
り評価することとなるが，開発規模が小さいこと，既存の河川，灌漑水路を利用するた

め新たな土地改変を伴わないこと等から顕著な環境影響は想定されない。 



4.気象，地質 

本調査の計画地点が位置する Brantas 川は，赤道付近の島嶼国家であるインドネシ
アの主要島の一つ Java島東部の East Java州の Arjuno山を時計回りに流れている。 

 Bantas川流域では一般的に，雨季は 12～5月（文献によっては 11～4月との記載も
あり），乾季は 6～11月（5～10月との記載もあり）と言われている。この流域では，
1982 年と 1987 年に大渇水が発生し，灌漑水路への水の供給停止や二毛作の禁止など
の緊急措置が講じられた実績も報告されている。 

 

Brantas川の主要支流は，上流より，Lesti川（流域面積 625km2），Ngrowo川（同
1,600km2），Konto川（同 687km2）及びWidas川（同 1,538km2）から成り，これら

の支流と合流するたびに，南～西～北北東～東へと流下方向を変える。 

Brantas川は，上流～河口に至るまで火山の裾野を流下し，これらの火山では噴火活
動による火山灰・土砂生産が多いため，同流域では，土砂の侵食・運搬・堆積作用が非

常に活発である。 

このため，中流域の Wlingi貯水池は，火山噴出土砂から成る泥流により，ほぼ完全
に埋積され，一部の土砂が水圧鉄管及び水車にまで流入したため，1990年 3月に運転
停止する事態が発生している。 

Brantas川流域は，Semeru火山，Wilis火山，Kelud火山等の火山群を含んでおり，
その影響を受け，表層地質はそのほとんどが第四期火山堆積物から構成される。一方，

基盤地質としては火成岩が広く分布し，Java島全体の基盤岩を形成している。 



5.発電計画 

(1)検討フロー 

 本調査における検討フローを図- 4 に示す。流量データおよび堰等の水位データは，
設備管理者である Jasa Tirta 1（以下，PJT1という）より提供された。堰等の上下流
に生じる未利用落差については，現地でのレベル測量によるデータを使用いている。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

図- 4 発電計画検討フロー 

グリッド
接続調査

詳細検討

規模検討

流量データの入手
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基本となる水車発電機の選定

基本的な水車発電機効率の作成

（Hemax~Hemin (=Hemax×70%）

最適案の有効落差の計算

最適案の図面作成

最適規模の決定

取水位・放水位データの入手

流量・取水位・放水位データシート作成

概算の数量及び工事費の算定

流況表の作成

最適案の数量計算・工事費算定

経済分析（Chapter 7）

接続ポイント関連
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現地測量による総落差決定放水位の再設定

第１回現地調査
PJT1意向確認
系統接続情報収集

現地調査による流量・総落差等の調査
発電計画のコンセプトの再設定

発電計画コンセプト
の策定

発電機種の変更



(2)水車発電機の選定 

本調査では水中ポンプ水車の一種である水中タービン（複数機）を採用した。水中タ

ービン発電機の特徴を以下に示す。 

① 水車と発電機が一体型となったパッケージ型の構造となっている。製造は日本

国内で行い，パッケージとして完成したものを現地に搬送し，クレーン等で据

え付ける。現地で発生する作業は，タービンシートにタービンを固定すること

とブレードの調整のみである。一般的な水車の据付調整作業は，設計時の効率

や安定した運転のために，十分な精度が必要となる。本調査で対象とする地点

の最大出力は，最大でも 3,000kW程度であり，投資規模も小規模である。し
たがって，ほとんどの工事はローカルポーションとなる。水中タービンでは現

地での作業がほとんどないため，開発地点が位置する国の技術の優劣による影

響をほとんど受けない。つまり，水中タービン発電機は，開発地点が位置する

国の水車関連技術に起因するリスクを最低限に抑えることができる。 

② 水利用がある既存灌漑水路に新たに発電所を設置する（本調査のような）開発

では，既存水利用への影響を最小限に抑えることが重要である。水中タービン

を採用した場合，発電設備の建屋は不要となるほか，前述のように水車発電機

の据付・調整作業が単純であることなどの理由から，工事期間が短期間（数ヶ

月/地点程度）となると考えられ，一般的な水車発電機に比べてこの影響が小
さくてすむ。 

なお，発電機は，大容量の送電系統へ接続し周波数・電圧調整が不要であること，

安価であること，構造が簡単で信頼性が高く保守が容易であることから，誘導発電機

を採用することとした。誘導発電機では懸念される並列時の電圧変動については，発

電容量が系統容量に比べて十分に少なく，影響は少ないと想定される。以下では，誘

導発電機を内蔵した水中タービンを水中タービン発電機という。水中タービン発電機

の設置例および構造をそれぞれ図- 5および図- 6に示す。 

 
Source:イームル工業株式会社：水中タービン発電機, 

http://www.eaml.co.jp/catalog/suityu.pdf 

図- 5 水中タービン発電機設置事例 



 

 
Source:イームル工業株式会社：水中タービン発電機, 

http://www.eaml.co.jp/catalog/suityu.pdf 

図- 6 水中タービン発電機 

(3)流量データ 

現地に保管されている流量データを調査し，検討に使用する流量データについては，

に従って決定した。 

日流量
データ

日流量データ
があるか？

10日平均流量
データ

があるか？

10日平均
流量データ

PJT1から
聞取値

Yes

Yes

No

No

 
図- 7 流量データの選定フロー 

(4)水位データ 

取水位と放水位を現地でレベルを用いて計測したものをベースに，Jasa Tirta 1(以下，
PJT1という)等の記録データを用いて基に日毎の総落差を求めた（日毎の取水位につい



ては，計測値と計測時の PJT１等の記録データを比較し，過去の記録データを補正して
求めた。放水位については，既存図面を参考にし，計測時の放水位と流量を用いて等流

計算により推定した。総落差は取水位から放水位を減じて求めた。 

 

(5)有効落差の算定 

 規模検討では，これまでの実績を参考にして，0.5m を損失水頭として計上し，詳細
検討では，最適規模の概略設計図を作成し，測定時水位もとに算出した。 
 
(6)検討結果 

【Lodoyo AP SHEPの概要】 

Lodoyo AP地点の開発では，Brantas川水系Brantas川の既設Lodoyo Barrage（PJT1

所有）の右岸に位置する既設Lodoyo発電所（PJB所有）の放水路内（放水庭の直下流）

に，同発電所の放水位に影響を与えない高さの堰を設置する。Lodoyo AP地点は，その

堰により保持される水位とLodoyo Barrage下流の水位との差と，既設Lodoyo発電所で

使用・放流される水を利用する発電計画である。 

【Mrican SHEPの概要】 

Mrican地点は，Brantas川水系Brantas川の既設Mrican Barrage（PJB1所有）の上

下流の水位差と，同Barrage直上流の既設灌漑水路に取水されずに下流に放流されてい

る水を利用する水力発電計画である。 

【Jatimlerek SHEP】 

Jatimmlerec地点は，Brantas川水系Brantas川の既設Jatimlerec Rubber Dam（PJT1

所有）の上下流の水位差と，同 Rubber Damを利用した既設灌漑水路に使用されずに下

流に放流されている水を利用する水力発電計画である。 

【Menturus SHEPの概要】 

Menturus地点は，Brantas川水系Brantas川の既設Menturus Rubber Dam（PJT1所有）

の上下流の水位差と，同 Rubber Damを利用した既設灌漑水路に使用されずに下流に放

流されている水を利用する水力発電計画である。 

なお，上述のとおり，堰周辺の大規模な修繕工事が実施中であったため，詳細検討は

実施していない。 

【Mlirip SHEPの概要】 

Mrilip地点は，Brantas川水系Brantas川の既設Mlirip Gate（PJT1所有）の上下流

の水位差と，Brantas川より同GateからSurabaya市水利用のための水路に流される水

を利用する水力発電計画である。 

【New Lengkong SHEPの概要】 



New Lengkong地点は，Brantas川水系Brantas川の既設New Lengkong Barrage（PJB1

所有）の上下流の水位差と，同Barrage直上流の既設灌漑水路に取水されずに下流に放

流されている水を利用する水力発電計画である。 

なお，上述のとおり，Surabaya 市街地近傍の主要道に発電所位置があり，道路を挟
んで川と反対側には事務所等があることから，周辺の社会環境への影響が大きいと考え，

詳細検討は実施していない。 

 

検討地点の開発諸元の概要を表- 1に示す。概略設計図を図- 8～ 図- 11に示す。 

表- 1 検討結果一覧表 

No. Name 

Installe
d 

capacit
y 

(kW) 

Max. 
dischar

ge 
(CMS) 

Net 
head 
(m) 

Annual 
energy 
(GWh) 

Type of 
T/G* 

No. 
of 

uni
ts 

Construc
tion Cost 
(Million 

IDR) 

1 Lodoyo AP 1,430 46.20 3.77 10.44 EL7650 4 54,855 
2 Mrican 1,730 23.33 9.00 14.33 EL7620 3 53,494 
3 Jatimlerec 1,860 40.89 5.66 10.81 EL7650 3 39,951 

4 
(Menturus) 
** 

(2,060) (38.4) (6.5) (12.15) (EL7650) (3) (40,591) 

5 Mlirip 970 17.10 6.91 7.89 EL7620 2 25,724 

6 
(New 
Lengkong) 
*** 

(2,690) (81.6) (4.8) (9.87) (EL7650) (5) (62,925) 

Total 5,990 
(10,740) --- --- 43.47 

(67.09) --- 12 
(20) 

174,024 
(277,540) 

*   T/G: Turbine and Generator 

**  Rubber Dam，および直下流，左右岸護岸の全面的な工事が実施中である。直近の開

発は困難であることが判明したため，ポテンシャル地点として取り扱うこととし，

基本検討のみを実施した。 

*** 発電所位置が交通量の多い主要国道上となる。迂回路を設置するには立ち退きなど

が発生し，至近の開発は不可能と判断しポテンシャル地点として取り扱うこととし, 

基本検討のみを実施した。 

(注)（）書きはポテンシャル地点の値あるいはポテンシャル地点を含む値を示す。 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

図- 8 Lodoyo SHEP 概略設計図 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

図- 9 Mrican SHEP 概略設計図 



 

 

図- 10 Jatimlerek SHEP 概略設計図 

 

 

図- 11 Mlirip SHEP 概略設計図 



6.CERの算出 

本プロジェクト JAMALI gridへ接続する。インドネシア国 DNAが認める JAMALI 
grid electricity における現時点（ヒアリング時）の CO2 emissions factor は PT. 
Chevron Geothermal が計算した 0.754トン CO2/MWhである，との回答を得た。ま
た，この数値については見直しを行う予定であり，そのためのミーティングを計画して

いる。ただし基準値が見直される時期については未定，とのことであった。 
本検討では，聞き取りで確認した 0.754 トン CO2/MWh を採用する。試算した各プ

ロジェクト地点での見込み CER量を表- 2に示す。 
 

表- 2 候補案件における想定 CER量 

Project Annual Power 
Generation 
（MWｈ） 

Estimated CER 
(tCO2/year) 

Lodoyo AP 10,440 7,871.76 
Mrican  14,330 10,804.82 
Jatimlerek 10,810 8,150.74 
Menturus※ -  (12,150) -  (9,161.10) 
Mlirip 7,890 5,949.06 
New Lengkong※ -   (9,870) -  (7,441.98) 
Total 43,470(65,490) 32,776.38(49,379.46) 

    ※規模検討時の発電電力量にて計算 
 



7.経済性検討 

本調査では，「イ」国において民間会社が IPP事業者となって小水力開発を行う場合
の経済性について検討を行う。諸条件の設定方法については，日本国内及び現地で収集

した情報を基に設定した。各地点の経済性の検討の総括表を表- 3に示す。 
本調査で対象とする開発を CDM プロジェクトとしない場合の IRR は 4.20~9.93

であり，投資回収には 13~18年を要する。また，CDMプロジェクトする場合には IRR
は 5.95~13.32となり，投資回収には 11~16年を要する。 

表- 3 経済性検討結果一覧表 

Name 
Items 

Lodoyo 
AP Mrican Jatimler

ec  
Menturu

s Mlirip 
New 

Lengkon
g 

Max. Output 
(MW) 1,430 1,730 1,860 

－ 
(2,060) 

970 
－ 

(2,690) 
Annual 

generation 
(GWh) 

10.44 14.33 10.81 
－ 

(12.15) 
7.89 

－ 
(11.47) 

Construction cost 
(Million IDR) 54,855 53,494 39,951 

－ 
(40,591) 

25,724 
－ 

(62,925) 

NPV -20,038 -1,836 -1,393 － -121 － 
IRR 4.20 9.46 9.47 － 9.93 － 

W
ithout 
CER

 

Payout 
time 18 13 13 － 13 － 

NPV -12,825 7,125 5,479 － 4,751 － 
IRR 5.95 12.35 12.37 － 13.32 － 

W
ith 

CER
 

Payout 
time 16 11 11 － 11 － 

 
 



8.検討結果および今後の課題 

検討結果を表- 4 に示す。既存設備を活用し，未利用の再生可能エネルギーによる発
電を行うため，環境への負荷がほとんどないことを確認した。しかしながら，検討によ

って得られた IRR 等は，「イ」国におけるリスク等を考慮すると，十分とは言えない。
よって，さらなる工事費の低減策や，経済性の向上が必要である。その他の技術上の課

題を以下に示す。 

・ ポテンシャルとして，流量については設備を管理している PJT1より提供を受
けたデータを資料しており，高い精度を有していると思われる。また,ダムの
水位についても，年間を通じてデータが得られた。しかしながら，レベル測量

によって得られた上下流の落差については，乾季に実施した測量結果に基づく

ものである。よって，通年一定の流量をスラバヤ市へ放流している Mlirip 地
点を除いて，雨季には水位が上昇し，落差が減少する可能性がある。 

・ 既設ダム近傍に位置する Mrican地点については，ダム堤体および基礎の安定
性に影響を与えない工法を選定する必要がある。 

・ Brantas川では，Kelud火山等の噴火活動による土砂の侵食・運搬・堆積が活
発であり，過去には水力発電所の運転停止を招く事態も生じている。よって，

堆積土砂による発電停止により，発電電力量が減少する可能性がある。 



 

表- 4 検討結果一覧表 

Items Lodoyo 
AP 

Mrican Jatimlerek Menturus Mlirip New 
Lengkong 

Salient Features 

Maximum 
Discharge 

(CMS) 
48.00 23.40 41.10 (38.40) 17.60 (68.00) 

Net Head 

(m) 
5.05 9.04 4.88 (6.5) 6.32 (4.8) 

Maximum 

Output 

(kW) 

1,430 1,730 1,860 (2,060) 970 (2,690) 

Annual 
Generation 

(GWh) 
10.44 14.33 10.81 (12.15) 7.89 (11.47) 

CER 

(tCO2/Year) 
7,871.76 10,804.82 8,150.74 (9,161.10) 5,949.06 (7,441.98) 

Construction 
Cost 

(M IDR) 
54,855 53,494 39,951 (40,591) 25,724 (62,925) 

Financial Indicators (exclude revenue from CER) 

Payout time 

(Year) 
18 13 13 － 13 － 

NPV -20,038 -1,836 -1,393 － -121 － 

IRR 4.20 9.46 9.47 － 9.93 － 

Financial Indicators (include revenue from CER) 

Payout time 

(Year) 
17 12 12 － 11 － 

NPV -14,295 5,380 4,157 － 3,796 － 

IRR 5.56 11.73 11.75 － 12.59 － 

 

 

 



本調査で明らかとなったブランタス川流域における小水力ポテンシャルは，約

10MW 程度であり，そのほとんどが河川区域内の河川管理施設や水資源管理施設を活

用した計画である。施設管理者は，PJT1や公共事業省（Ministry of Public Works）
であり，これらの機関との協調をとった展開が前提となる。 

本プロジェクトの事業主体は，インドネシア国事業者との共同事業体構成かインドネ

シア国発電事業者の 2つが想定される。実施主体別の体制図を図- 12および図- 13に示
す。 

日本国は，2008年 1月のダボス会議における当時の福田総理のスピーチにおいて排
出削減と経済成長を両立させ，気候の安定化に貢献しようとする途上国に対する支援の

一つの方策として，クールアース・パートナーシップを発表し，省エネ努力などの途上

国の排出削減への取組みに積極的に協力すると共に，気候変動に深刻な被害を受ける途

上国に対して支援の手をさしのべることを決定した。環境プログラム無償は，この方策

の一環として導入されたものである。「クールアース・パートナーシップ」の資金メカ

ニズムの全体像を図- 14に示す。この図に示されるもののうち，「無償資金協力」や「技
術協力」部分が前述のプログラム無償に該当する。 

「イ」国では，大規模な気候変動対策円借無償が行われている実績もあるが，予算規

模や温室効果ガス削減の観点から考えて，本調査の水力プロジェクトを環境プログラム

無償で行うことは可能であると考えられる。環境プログラム無償として採択されるため

には，相手国の要請が必要であるが，その第一段階として，実施主体を決定する必要が

ある。現地調査の結果では，IP，PJB，PJT１および PLNが主体となりうる機関であ
る。電力供給を主目的とし，化石燃料起源の電力を再生可能エネルギーで置き換えるこ

とにより温暖化ガスを削減するという考え方であれば，国営電力公社である PLNが実
施主体となるのが最適である。IPや PJBなど PLNの子会社が実施主体となる場合に
は，設置されたプロジェクトの開発の意義付けが明確になっている必要がある。PJT1
が行う場合には，その目的が水資源管理のための発電であるという位置づけが明確にな

っている必要がある。



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 図- 12 共同事業体によるプロジェクトスキーム 
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図- 13 インドネシア事業者によるプロジェクトスキーム 
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Source: http://regserver.unfccc.int/seors/attachments/file_storage/3qqhyiq4mrmv67n.pdf
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図- 14 クールアース・パートナーシップの資金メカニズムの全体像 


