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TECHNICAL NARRATIVE
1. Background

1.1 Geothermal Energy Potential in Indonesia

There are 265 geothermal areas that have been identified in Indonesia (Fig. 1.1). The potential of geothermal energy is estimated to be 28,170 MW (Table 1.1), including 14,730 MW of reserves, of which 2,288 MW are proven, 1,050 MW probable, and 11,392 MW possible (Hadiyanto, December 2009). Of the 265 geothermal areas in Indonesia, only 7 have been utilized for electricity generation, with a total installed capacity of 1,189 MW, i.e. Kamojang (West Java, 200 MW), Darajat (West Java, 260 MW), Awibengkok, Gunung Salak (West Java, 375 MW), Wayang Windu (West Java, 217 MW), Sibayak (North Sumatra, 12 MW), Lahendong (North Sulawesi, 60 MW), and Dieng (Central Java, 60 MW). 
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Figure 1.1: 265 identified geothermal areas in Indonesia (Hadiyanto, 2009)

Table 1.1: Geothermal resources and reserves of Indonesia (Hadiyanto, 2009).
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The status of other areas has been summarized by the Department of Energy and Mineral Resources as the following: 162 areas (61.13%) at the preliminary survey stage, 88 areas (33.21%) at the exploration stage, and 8 (3.02%) ready for development.

1.2 Government Plans

The Indonesian government has set aggressive targets for increasing geothermal energy production. By the year of 2014 the capacity of geothermal power plants will be increased by 4,733 MW
, about four times today’s capacity, which leads to 9,500 MW by 2025, almost eight times the current capacity. 
[image: image3.jpg]Geothermal Development Plan %L




	Area
	Additional Capacity (MW), Year
	Total Additional Capacity (MW)

	
	2010
	2011
	2012
	2013
	2014
	

	Jawa Bali
	5
	-
	330
	445
	1240
	2137

	Other Islands
	65
	158
	698
	295
	1380
	2596

	Indonesia
	70
	158
	1028
	740
	2620
	4733


To gain an additional 4633 by 2014, a large number of geothermal fields will be developed in Java, Sumatra, Sulawesi, Maluku and Nusa Tenggara. 
1.3 HRD Program for Supporting Geothermal Energy Development In Indonesia
One of the challenges to support the development of geothermal energy source in Indonesia is in meeting the demand for geothermal engineers and earth scientists. Freeston & Bolton (1993), geothermal experts from New Zealand, estimated that 30 to 50 geothermal engineers and earth scientists are needed to support 1,000 MW of geothermal development in Indonesia. The Indonesian Geothermal Association (INAGA) estimated a higher number, i.e. 70 full-time staff. A 2004 survey of geothermal employment in the USA predicted that each additional MWe of installed capacity creates 1.7 full-time jobs for technical personnel
. Geologists, drillers, engineers, hydrologists, and other skilled personnel will be in particular demand. There is concern about whether there is a sufficient supply of these skilled workers. 
Sjafra Dwipa from the Department of Energy and Mineral Resources (ref. Letter No. 179/PB/2005) supported the establishment of a Master Degree Program in Geothermal Technology at ITB, and estimated 50 – 60 full-time staffs were needed to support geothermal development in Indonesia. 
Based on the assumption that 30 – 50 full-time staffs are required to support 1,000 MW of geothermal development in Indonesia, at least 120 - consisting of geothermal engineers and earth scientists - will be required for the operation and maintenance of 4,733 MW until the year 2014. This number does not include personnel needs for conducting exploration at the 163 geothermal areas which are still at the preliminary survey stage, and for conducting further exploration at the 78 areas currently at the exploration stage.

To meet part of this demand, starting mid of 2008 (Semester I/2008-2009) ITB, stands for Institut Teknologi Bandung (Institute Technology Bandung), offers a Master Degree Program in Geothermal Technology. This program is a four semester’s program with main emphasis is to provide the students with sufficient understanding on technical and practical aspects of geological, geochemical and geophysical exploration, reservoir engineering, drilling technique, well testing, production engineering, monitoring technique, and utilization of Geothermal Energy, both for power generation and for direct uses. The program is also emphasis on environmental matters as it relates to energy use, sustainable energy development and economics.  In 2008 ITB’s Masters Program in Geothermal Technology was attended by 18 students and another 18 in 2009. To increase the number of geothermal engineers and earth scientists for supporting geothermal development, an acceleration program in capacity building is needed for supporting geothermal development in Indonesia. 
2. Goals of the Project
The Goal of this project is to build capacity for the geothermal educational program at ITB which will provide for expanding the number of graduates who focus on geothermal energy development and broaden the exposure of students and faculty to the global geothermal power business.  
The project is also intended to provide opportunities for USC to further develop and expand its geothermal education programs through a partnership in one of the most resource rich geothermal areas of the world.
The involvement and support of Star Energy will provide direct industry input into education initiatives and is intended to lead to greater involvement and coordination between academia and industry in the Indonesian geothermal business.  
The key element of this collaborative  efforts is to build on the experience base of both ITB and USC on geothermal related education and R&D. In addition, we expect to benefit from operational experience of Star Energy to make such educational activities more relevant to the real life challenges and requirements of geothermal operators.  
3. Problem Definition
Indonesia has some of the world’s most significant geothermal energy resources and growing electricity demand.  Geothermal energy is a very low carbon and renewable energy source.  The Indonesian government has set aggressive targets for increasing geothermal energy production.  One of the key constraints on realizing the potential from geothermal energy is the limited pool of technical experts needed to support the development of this energy source.  The demand for engineers and scientists with geothermal technical expertise exceeds the supply both in Indonesia and globally.  The technical expertise in geothermal energy is needed by both the private sector and by federal and regional governments charged with permitting and administering the development of geothermal resources.
The Institute Technology Bandung (ITB) has a recognized geothermal technology expertise within Faculty of Mining and Petroleum Engineering and Faculty of Earth Science and Technology, but needs to build capacity to rapidly increase the number of graduates and ensure that graduates have the skill sets needed by both companies and government agencies.  In addition, graduates value is substantially increased by the addition of practical, hands on exposure to real world geothermal operating facilities.
The University of Southern California (USC) ) is located in California, the hot bed of geothermal energy industry in the United States and has a long standing geothermal and fossil oil related  as well as earthquake seismology expertise within its Chemical Engineering, Petroleum Engineering program and  Department of Earth Sciences. Given the recent increased attention in the US, especially in the area of Enhanced Geothermal Systems (EGS) has earned USC a major DOE grant in 2010.  USC can contribute to ITB’s need to expand and enhance its geothermal education as well as benefit from educational collaboration with ITB 
4. Technical Quality
The participating universities of USC and ITB, with guidance from the advisory board, will develop a two year program to facilitate collaboration and jointly develop and enhance both Universities’ geothermal energy related research and education activities. These will involve specific activities which will lead to both near term and longer term development of Indonesia’s higher education programs in geothermal energy.

The following are the specific tasks to be carried out under this project:

Year One
1. Task1- Establish an Industry advisory group for geothermal education made up of developers and key service industries.  
1.1 Star Energy will help lead this task by acting as the secretariat for this group with an objective of forming a 7 member advisory board from the geothermal energy industry in Indonesia. Within six months from the start of the project the first meeting of the advisory board will be convened to get the necessary strategic guidance on the direction of the phase 1 of the project (phase 1 is the current proposal) and other tasks to be carried out under future phases of the project. In addition to industry, USAID, U.S. DOE’s Geothermal Program and the Indonesia Departmnet of Mines and Energy.  
2. Task 2- Develop of a geothermal education capacity expansion roadmap through collaboration between USC and ITB.  The roadmap will be a clear set of action steps to guide ITB and USC to be among the leading global geothermal energy educational institutions.  Among the specific Sub Tasks are: 
2.1 Improve the quality of lecturers through visiting scholars, seminars and workshop, in strong partnership with other international institutions.
2.2 Increase the number of graduates that have skill in geothermal technology by providing scholarships for graduate students. 
2.3 Establish collaborative research and educational activities between ITB and USC as well as other Indonesian and US universities steps to develop dedicated geothermal energy department or program
2.4 Provide educational and research centers and geothermal industries.
2.5 Conduct workshops to improve the competency of engineers and earth scientists involved in geothermal exploration, exploitation and field development
2.6 Provide industry experience opportunities for students to do hands-on work through Summer and other internship programs 
Activities

· Set aside reasonable number of student grants for Masters and PhD Students to be enrolled at ITB and USC, as well as the necessary funding for professors involved to supervise them.
· Conduct field trips for students and faculty to provide opportunities to gain real world geothermal exploration, steam production and power plant operation experience by working with Star Energy or other industry partners.
· Offer “Distance Learning Courses” to USC and ITB students in virtual class rooms taught by both USC and ITB faculty
· Conduct monthly seminars on Geothermal energy hosted alternatively by ITB and USC with video conferencing capability to allow students and faculty from both universities to take part.
· Encourage participation of ITB and USC students and faculty in geothermal related conferences, seminars or workshops 
· Geothermal Reservoir Engineering Workshop  Stanford University 

· Geothermal Research Council annual conference

· Indonesian Geothermal Association Annual Meeting 

Develop short courses and workshops with on important topics : The short courses and workshops will be selected from the list below based on the demand and available funding:

Under the proposed program, USC and ITB agree to conduct at least ___ short course(s).

a. Introduction to Geothermal System and Technology (ITB, USC)

b. Detailed Exploration Select a test site for Geothermal Resources (ITB & USC and Star Energy)

c. Environmental Impact and Risk Assessment (ITB & Star Energy)

d. Impact of geothermal production on induced seismicity (USC)

e. Geothermal Project Management & Financing (Star Energy, USC)

Transfer of technology from fossil oil energy to geothermal energy and vice versa (USC)
f. Course participants could include university lectures, local governments and government agencies, which have oversight responsibility for training and research and development. on geothermal  energy
Establish a technical program exchange between ITB and USC to begin collaboration. This program will consist of at least one activity in Indonesia and one activity in the United States. Activities may include:
· ITB - USC  video conferencing

This exchange program between ITB and USC would allow students from each institution to study from the other institution.

· ITB, USC & Star Energy Annual geothermal workshop (hosted by ITB). This activity will include:
· USC, ITB selected student's final project presentation (1 day meeting)

· Fieldtrip

· Publication

· Student exchange programs (short term) between USC and ITB
· Provide a regularly scheduled “E-Lecture” to be delivered simultaneously at USC and ITB on geothermal energy related issues
Year Two
Activities in Year Two are basically similar to Year One, with additional short courses related to engineering topics. Another difference is that the ITB, USC & Star Energy Annual geothermal workshop in the 2nd year will be held at USC.
The additional short courses and workshops will be selected from the list below based on the demand and available funding:

Under the proposed program, USC and ITB agree to conduct at least ___ short course(s).

· Geothermal Well Design and Drilling (ITB)

· Geosciences Data Evaluation & Resource Assessment (ITB)

· Rock physics and Rock Mechanics with a focus on high temperature rocks (USC)

· Fracture detection and characterization (USC)
· Continue year one activities and expand them as follows.
· Implement a student exchange program (long term) between ITB and USC which would allow students from each institution to study at the other institution. 
· Provide opportunities for students to gain real world operating power plant experience by working with Star Energy or other industry partners.

· Develop plans for a joint Masters degree on geothermal energy program offered by ITB and USC. Ideally, the graduates of this program  would spend one year at USC and one year at ITB and upon successful completion, would receive degrees from both USC and ITB

· Develop short term (one month) and long term (one year) sabbatical programs for USC and ITB faculty to visit the other institution.

· Explore technical education needs for government agencies which have oversight responsibility for geothermal development.

· Develop a best practices process for industry and university collaboration on technical analysis projects or other scientific work commissioned by individual companies.

Sustainability

This proposal is for a two year program to launch a partnership which will provide an adequate time period for USC, ITB, Star Energy, and other industry partners to develop significant working relationships.  Star Energy is an Indonesia geothermal company fully committed to growing business within Indonesia and has a clearly vested interest in a strong higher education community.  One of the tasks that Star Energy will agree to lead is the development of an industry advisory group which will facilitate dialogue between ITB and the geothermal industry.   This industry advisory group will be an important component of sustaining this effort over the long-term.
USC has a long history and experience of partnerships with Universities throughout the Asia Pacific region.  Adding a partnership with a key Indonesian university is an important expansion of that network and USC will look for opportunities to build this relationship as well as opportunities to bring other U.S. universities into the partnership.
Beneficiaries

ITB will benefit quantitatively through increasing the number of graduate level students in geothermal energy technology and through qualitative improvements to its program such as: 

· Increased competitive level of the ITB’s geothermal master program

· Improved educational materials
· Improved educational methods and infrastructures
· Development of a roadmap to be a leading global geothermal energy educational institution
· In line with ITB goal to be a world class university
In addition, this program will lead to future opportunities to collaborate on geothermal research. 
USC-

· Development of a geothermal emphasis for ITB students
· New course materials to include results from its on-going research work
· Testing of some of its research findings on the data sets from Indonesian reservoirs
Indonesian Government-

· Successful geothermal development plans (from plan to realization)
· National economic growth
· Availability of skilled and well trained professional workers
· Energy security
· Keep the education programs in line with its growing R&D program on geothermal energy.

Geothermal Industry-

· At least 40 graduates (including 10 sponsored students by USAID) from ITB with a Master Degree in Geothermal Technology, which is up to a 100% increase in geothermal energy technology advanced education graduates.  
· Reduce exploration and development risks.
Collaboration
Many of the activities outlined earlier will be collaborative efforts between USC and ITB to leverage each other’s strength and enhance the geothermal related educational programs at ITB and USC. In addition, Star Energy’s participation ensures immediate industry collaboration in this partnership.  The establishment of the industry advisory group will create even greater partnerships and collaboration as the project develops.
Expected Results and Projected Impact
The proposed collaboration is expected to enhance the educational opportunities at ITB by including important tech transfer element from the researchers and experts at USC and vice versa. The results are listed above in the benefits sections.  In the shortterm, this program will elad to an almost 100% increase in graduate degrees in geothermal energy technology in Indonesia.  The distance learning collaboration between ITB and USC offer almost limitless opportunities to expand the educational offerings to Indonesia students.

As importantly, it lays the foundation for a dedicated geothermal energy department at ITB and the necessary educational institution infrastructure to support expanded research in geothermal energy at ITB.  All of the above support ITB’s goal to be a world leading geothermal education and research university. 
Partners Profile
University of Southern California (USC) – 
Many programs at USC could be beneficial for this initiatives. Aside from USC’s world renown and prestigious Earth Sciences department and the Petroleum Engineering Program the following are some other reasons why USC should be considered as the lead US University for this project.
1- USC is geographically located close to the largest producing hydrothermal geothermal fields and the future expected fields that are based on using Enhanced Geothermal Systems or EGS (Generally in the Western United States and particularly in California and Nevada).
2- USC is one of the few universities that has Power Engineering discipline which is the key component of the practical application of geothermal energy.
3- USC's petroleum engineering program is among the best in the nation. We can benefit from the technology transfer and leveraging opportunities from the oil industry to the geothermal domain. Some of this was highlighted in a keynote   address to the Geothermal Research Council during the October 3, 2009 Workshop in Reno.
4- USC Energy Institute, has many relevant programs including a recently DOE funded smart grid project.  Global Energy Center (GEC) is one of such relevant programs that we are launching. This initiative would benefit from the ongoing and forthcoming EI programs as well as contributing to them.
5- One of the key issues of geothermal energy production is the induced seismicity concerns. USC's world renowned Southern California Earthquake Center (SCEC) under the leadership of Prof. Thomas Jordan would be in a position to provide valuable contributions in this area.
6- USC has recently won a major ($1.5MM ) DOE grant to work on Characterizing Fractures in the Geysers Geothermal Field by Micro-seismic Data, using Soft Computing, Fractals, and Shear Wave Anisotropy
7- USC also expects to receive a $0.4MM grant from California Energy Commission to focus on “Geo-mechanical Modeling & a Reservoir Modeler for Geysers Geothermal Field”
Institut Teknologi Bandung (ITB) –ITB has a strong reputation in engineering fields and at present ITB is the only university in Indonesia offering an integrated graduate geothermal program. Geothermal capacity building started at ITB in 1983, not long after the commissioning of the first geothermal power plant in Indonesia. Currently, the ITB Geothermal Graduate Program is supported by more than 20 engineering and geoscience faculty staffs. Since 1997, ITB’s Geothermal Laboratory has developed a number of software for geothermal applications. Since 1990 ITB, has also been involved in various geothermal projects, collaborating with several geothermal companies. 

Star Energy Ltd – Star Energy is one of the premier developers of geothermal power in Indonesia and is the operator of the Wayang Windu 230MW geothermal power plant.  Star Energy has received the highest Indonesia awards for corporate social responsibility. Star Energy, as a key geothermal power developer, has a sincere interest in improving the quality and the number of graduates with technical degrees that are needed to increase the development of geothermal power in Indonesia and around the world.  In addition, Star Energy has contracted with ITB for technical evaluation and computer modeling to support commercial development of geothermal resources.
Administrative Capabilities
USC has an excellent record of collaboration with many universities globally. We also enjoy having the experience of administering a large number of government funded projects both individually or in collaboration with other universities, national laboratories and industrial partners. 
BUDGET

The budget is a for two-year program with a total budget of $868K. The sponsorship is based on $650,000 from USAID, $200K from Star Energy (for USC and ITB cost share) and an additional $18K cost share from USC 
USC will receive $650K from USAid and transfer $150K in two installments of $75K to ITB as a sub-contractor. In addition, ITB will receive $200K on two installments of $100K per year from Star Energy.  The USC expenditure by category about ($259K/year) is given in the budget sheet.   
� As per publications of the MEMR, this is reduced to 3,900MW as of February 22, 2010


� Hance, C. Geothermal Industry Employment: Survey Results and Analysis, September 2005. 





