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This report presents the training activities and the results from JICA Counterpart 
Training in Japan during the period 2-10 December 2019.  This short-term training, 

called ‘the 1st On-Site Training of OTEC and DSW Applications’, was supported by JICA 
SATREPS-OTEC Project: Development of Advanced Hybrid-Ocean Thermal Energy 
Conversion (OTEC) Technology for Low Carbon Society and Sustainable Energy System: 
First Experimental OTEC Plant of Malaysia.

This Report would also greatly help Malaysia to realise its total potential in harnessing 
not only its ocean thermal energy resources but also the full utilization of the cold deep 
sea water off the eventual operating ocean thermal energy conversion (OTEC) plants, 
especially those nearest to the coastlines of the States of Sabah and Sarawak. 

OTEC Technology has been recognized, not only among the 21 most impactful and 
emerging technologies in this 21st Century, but it is perhaps the only advanced technology 
that could easily fulfill all the 17 Sustainable Development Goals of the United Nations. Its 
accomplishment has already been demonstrated very well on the Island of Kumejima, 
Okinawa, Japan, where 2x50 kW of OTEC green-power has been generated to support 
various spin-off industries on this Island that utilize the cold deep sea water that is 
rich in nutrients for the culture of high value marine produce the like of “umi budou”, 
oysters, prawns, fugu-fish, or even abalone, and that of marine products including 
mineral water, cosmetics and other beauty products. The applications of various OTEC-
related technologies have essentially transformed the economy of Kumejima from the 
traditional sugar and pineapple growing into totally the advanced “blue economy”.

It is the aspiration of Malaysia not only to emulate the successes of Japan in developing 
the core engineering of the ocean thermal energy conversion plant and the OTEC-spinoff 
industries, but also to undertake joint R&D and further innovation in order to advance 
the current state of knowledge, systems, and practices, including the prospects of 
producing green Hydrogen from at least 26,000 MW of OTEC potential in Malaysia.  Thus, 
any bilateral as well regional and international programmes that would promote close 
co-operation, collaboration, and partnership would be very much welcome.

It is also very important for Japan to work closely with the tropical countries the like 
of Malaysia.  Being located along the Equator, the potential of OTEC could be harnessed 
24/7 and throughout the year. Malaysia could be the focus of future OTEC development 
not only in the South East Asia and but also throughout the Asia-Pacific region.

Global partnership is also important in realizing the fact that OTEC Technology could 
help address the Climate Change challenges and offset carbon dioxide emissions, that 
is, 8,000 tonnes of CO2 per MW of OTEC power generated.  In other words, the generation 
of 3825 GW of OTEC throughout the tropical world could offset the total global CO2 
emissions in 2020 of 30.6 Giga tonnes.

In short, go for OTEC, and move toward a sustainable future.

FORWARD SATREPS-OTEC 
PROJECT DIRECTOR

PROF DATO’ IR 
DR A. BAKAR 
JAAFAR, 
PEng, FIEM, FASc

Research Fellow, 
UTM Ocean Thermal Energy 
Centre (OTEC),
(http://otec.utm.my)
Institute of Future Energy, 
Universiti Teknologi Malaysia, 
Block Q, Jalan Sultan Yahya 
Petra, 54100 Kuala Lumpur, 
Malaysia

CONTACT
Mobile: +6012-3207-201

URL:
http://www.utm.my/satreps/

E-mail
bakar.jaafar@utm.my
bakar.jaafar@gmail.com
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Malaysia is one of the world’s leading countries with high ocean thermal energy conversion 
(OTEC) potential. In addition,  UTM has the leading OTEC research and development team.

Japan has been researching OTEC for over 45 years and has the world’s most advanced research 
facilities.

The purpose of this SATREPS project is for Malaysia and Japan to promote the social 
implementation of OTEC and human resource development for the purpose of contributing to 
the achievement of the SDGs.

Human resource development related to OTEC is the most important portion of this SATREPS 
project. This human resource development is not only general lectures.

The human resource development will be carried out at the Institute of Ocean Energy, Saga 
University in Imari City, Saga Prefecture and the Okinawa Ocean Thermal Energy Conversion 
Facility in Kumejima, Okinawa Prefecture. This program is the world’s first international human 
resource development program that actually uses an operational OTEC Facility.

First, participants will actually operate the world’s most advanced research apparatus at Saga 
University, acquire data, analyze the data, and gain a deeper understanding of the reality of 
OTEC.

Next, it will use the 100kW ocean thermal energy conversion plant in Kumejima, Okinawa 
Prefecture, which has been operational since 2013 and the only operational plant of its type 
in the world. They can actually operate an OTEC plant and analyze its data to gain a better 
understanding of real-world OTEC plant operations.

This Kumejima Island in Okinawa Prefecture is an island with a population of about 7,000 people, 
but the “Kumejima Model” that uses OTEC and deep sea water application is most world-famous. 
Kumejima has actually grown a deep sea water utilization industry that surpasses the sugar cane 
industry, which was a major industry 20 years before the deep sea water intake began, more 
than 2.5 times. In particular, there are various products such as prawns, sea grapes, cosmetics, 
water, salt, and vegetables. The production of prawns and sea grapes is the highest in Japan.

This project is aiming to further develop this “Kumejima Model” and construct a “Malaysia Model” 
that combines global OTEC and deep sea water utilization suitable for Malaysia.

Therefore, in this human resource development program, we visit Kumejima to consider 
application to the “Malaysia Model”, and held lectures and group discussions to build the “Malaysia 
Model.” Groups were formed consisting of 4-5 people, and there was a hot discussion about what 
aspects of each group’s preliminary “Malaysia model” are suitable for Malaysia and what should 
be done to construct it.  We also think it is necessary to develop and realize the results of this 
project.

The “Malaysia model” proposed by the participants was completed with a higher level and degree 
of accuracy than we imagined. When reading this report, you can feel the high level.

Some of the ideas of some “Malaysian Models” suggested by the participants will be realized in 
the near future. In addition, I think we must develop and realize the results of this project.

To achieve this, we need a deep understanding of OTEC and a aspiration for achieving the SDGs. 
I would hope that the participants will promote their international leadership in realizing the 
“Malaysia model” in Malaysia and around the world with this experience and high aspirations in 
this program.

FORWARD SATREPS-OTEC 
RESEARCH DIRECTOR

PROF. DR. 
IKEGAMI
YASUYUKI

Director, Institute of Ocean 
Energy (IOES), Saga University
1) Saga University, Main Campus 

1-Honjo machi, Saga-shi,  
Saga, Japan, 840-8502 

2) Institute of Ocean Energy 
(IOES), Saga University 
1-48, Hirao, Kubara, 
Yamashiro-cho, Imari-shi, 
Saga, Japan, 849-4256

CONTACT
1) Phone: +81-952-28-8624
Fax: +81-952-28-8595
2) Phone: +81-955-20-2190 
Fax: +81-955-20-2191

URL:
https://www.ioes.saga-u.ac.jp/en/

E-mail
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REPORT ON THE 1ST ON THE SITE TRAINING 
OF OTEC AND DSW APPLICATIONS

TRAINING REPORT

Development of Advanced Hybrid Ocean 
Thermal Energy Conversion (OTEC) 
Technology for Low Carbon Society and 
Sustainable Energy System:
First Experimental OTEC Plant of Malaysia

Name: Assistant Prof. Dr.YASUNAGA Takeshi 
Ts. Dr. Sathiabama T. Thirugnana  
Title: Project Manager                        
Submission Date: 14 April 2020
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1-1  Purpose of the training

The training program “On the site training of OTEC and 
DSW applications” is a knowledge transfer program 
based on experience of research on Institute of Ocean 
Energy, Saga University (IOES), Japan and deep seawater 
industries in Japan, and is aimed for construction of the 
Malaysia Model for low carbon and sustainable society in 
Malaysia, South East Asia (SEA) and around the world.

In this program, the participants will widely learn about 
topics as follows:

(i) OTEC and its basic knowledge, OTEC facility 
maintenance & amp, operation as well as analysis of 
the data using OTEC testing plants in IOES Imari satellite 
and Okinawa prefectural pilot plant in Kumejima Deep 
Seawater Research Centre

(ii) OTEC and its spin-off industries, present condition of 
DSW application in Kumejima, Japan

1-2  Method of the training

For human capacity building and capital development in 
OTEC Technology, IOES, Japan organized the training on 
OTEC to transfer knowledge and know-how of research 
in Saga University and experience on Kumejima model in 
IOES Imari satellite in Imari city and Okinawa Prefectural 
Deep-seawater Research Centre (OPDRC) in Kumejima town, 
respectively. The training was conducted using the facilities 
on site in IOES OTEC test rigs and OPDRC OTEC demonstration 
plant. Besides OTEC application, general thermodynamics 
were covered and training was done in IOES Imari.

The entire training was held from 2nd till 10th December 
2019 in two places. The first one was in IOES satellite in 
Imari to learn the basics of thermodynamics and OTEC 
application, and the next was OTEC test facility operation, 
analysis and management from 2nd till 4th December 
2019. Then, all participants visited Kumejima for the 
training of OTEC pilot plant management and to learn 
about the deep seawater (DSW) applications in Kumejima 
to consider the Malaysian model for this project. Please 
refer to Annex I for more details of schedule and 
Annex II & III for students and academics details who 
participated in this SATREPS OTEC training. The planned 
timeframe and training content was very comprehensive 
and benefited all participants.

1. PURPOSE AND METHOD

2. SCHEDULE AND PARTICIPANTS 
(AS ATTACHMENT)

3. BASIC ENGINEERING SKILL 
TRAINING FOR OTEC AT IOES 
IMARI SATELLITE

3-1  Thermodynamics (vapor cycle)

The training began with an introduction to Carnot cycle 
and Rankine cycle theory. The main objective is to give a 
good understanding of the function of pump, evaporator, 
turbine and condenser and their individual functions in 
a complete process/system of vapor cycle, applicable 
to OTEC system. The explanation of T-S diagram related 
to thermodynamics vapor cycle and the function of 
components in OTEC system were conducted thoroughly. 
The training contents were overwhelming and preferably 
need to add 1 or 2 more days for the participants to 
understand thoroughly.

Tutorial of vapor cycle calculation as shown in Figure 
3.1 using an experimental data analysis of OTEC system 
at IOES plant as a case study was a practical approach. 
Evaluation of thermal efficiency, using the actual case 
study provided us a good understanding on theoretical 
and actual physical system of OTEC system.



11REPORT OF TRAINING ON SATREPS-OTEC PROJECT JFY2019
‘THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS ‘

REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

In the next exercise as shown in Figure 3.2 and Figure 3.3, 
the trainees were introduced to PROPATHW software to 
determine the working fluid, ammonia’s thermodynamic 
properties.

Site visit and training on Kumejima OTEC demonstration 
plant was very good because it provided us with a real OTEC 
system using an actual deep seawater to run the power 
plant and the turbine. Calculation of vapor power cycle using 
R134a working fluid at Kumejima OTEC double rankine cycle 
power plant provided a real reverse engineering design 
analysis. Calculation of evaporator power, condenser power, 
turbine power and pump power gives a good case study for 
Malaysian OTEC power plant system.

3-2   Heat transfer (Heat exchanger)

Basic theory of heat exchanger was shared and explained 
during this training. Heat transfer coefficient was 
determined from semi-empirical method of heat transfer 
chart. Site visit to IOES Imari OTEC test rig was very useful 
to understand how the power plant was being designed and 
built for educational, research and development purposes. 
Explicit training on the heat exchanger design and built 
and the know-how to integrate it to other systems as a 
complete facility to simulate and demonstrate the OTEC 
system was very comprehensive. On the other hand, site 
visit to Xenesys Inc. Imari Plant was very effective and 
participants acquired good insights and understanding 
about the configuration design, fabrication, installation 
and testing of several types and sizing of heat exchanger 
design. The enormous heat exchanger manufacturing 
plant was simply magnificent.

Figure 3.1: Thermal cycle efficiency

Figure 3.3: Calculation of turbine power to introduce REFPROP 
software to determine R134a thermodynamic properties

Figure 3.2: An example of design temperatures – OTEC plant
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4. BASIC ENGINEERING SKILL 
TRAINING FOR OTEC AT IOES

4-1  OTEC experimental facilities

The Institute of Ocean Energy, Saga University (IOES) is 
an international centre for the study of ocean energy, 
specifically in Ocean Thermal Energy Conversion 
(OTEC) in Japan and in the world. IOES has a history of 
more than 50 years with vast research activities. IOES 
has developed its own new invention, Rankine cycle, 
Uehara cycle, the OTEC Cycle and a test rig (plant) was 
installed in IOES Imari, Japan.

OTEC power plant operates on a vapor cycle where 
working fluid becomes vapor after exchanging the 
heat with warm seawater/water, expanding it in a 
prime mover, exhausting it to a condenser, where it 
is changed to liquid state at low pressure and then 
returning the liquid working fluid by a pump to the 
evaporator as shown in Figure 4.1.

Visit to the OTEC IOES laboratory provided an 
opportunity to all participants to understand the 
whole process of OTEC including, set-up methods, 
parameters to consider during design and the 
commonly used software. The short exposure 
and hands-on experience to the software allowed 
participants to get a feel on how the system reacts 
to different flow rate and temperature. Besides, the 
desalination facilities are also observed and this helps 
participants to understand the whole process which 
will be implemented in H-OTEC system in Malaysia.

4-2 15 kW OTEC operation

In Prof. Dr. Yasuyuki Ikegami’s class, the fundamental 
theory of OTEC technology and its difference with the 
conventional power plant was explained. OTEC applies 
Linear Thermal Expansion Coefficient (LTEC) which 
gives low Carnot efficiency then a steam turbine. The 
fundamentals on how to design the OTEC system based 
on Saturated Rankine cycle were explained in depth and 
comprehensive. Participants are then given examples 
and actual output from the OTEC experimental facilities 
are used to calculate the efficiency of net power.

 4-3  Experimental data analysis

The lecture series delivered by Dr. Takeshi Yasunaga, 
Prof. Dr. Yasuyuki Ikegami and Emeritus Prof. Dr. Tsutomu 
Nakaoka gave participants an excellent understanding of 
technical and conceptual knowledge of OTEC design and 
evaluation. Then, participants were given a chance to 
visit the IOES’s OTEC Laboratory Control Room. This slot 
gave us an excellent opportunity to apply our theoretical, 
conceptual understanding and experience at firsthand 
on how the theory and principles of OTEC system are 
being applied in reality.

4-4  Heat exchanger for OTEC 
(Visit to Xenesys Inc. OTEC R&D centre)

Xenesys Inc., OTEC R&D centre visit gave the participants 
a firsthand experience on the development process 
of OTEC equipment (specifically on the OTEC’s heat 
exchanger), including the OTEC system set-up, layout 
and machine orientation and specification, design 
consideration and the selection of material. Furthermore, 
this visit also strengthened the networking between 
industry-academia collaboration between collaborators 
and technology providers.

Plate heat exchanger is a type of heat exchanger that 
uses metal plates to transfer heat between two fluids 
(in this case, seawater -> working fluid). This type 
of heat exchanger has a major advantage over the 
conventional type of heat exchanger. In plate type 
the fluids are exposed to a much larger surface area 
because the fluids are spread out over the plates. This 
facilitates the transfer of heat, and greatly increases 
the speed of the temperature change as shown in 
Figure 4.2.

REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

Figure 4.1: 30 kW ammonia/water cycle for OTEC in IOES
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5. 100 KW PILOT PLANT IN KUMEJIMA

REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

Example of question during this training:

Calculate of the Overall Heat Transfer Coefficient UE of Plate-Type 
Evaporator. Assume that the heat transfer coefficient in warm sea 
water side is 5000 W/(m2 K), the heat transfer coefficient in working 
fluid side hWF is 10000 W/(m2 K), the thermal conductivity λ is 16.5 W/
(m K) and the thickness of plate δ is 1 mm.

λ = k = 16.5 W/(m K)
hWS = 5000 W/(m2 K)
hWF = 10000 W/(m2 K)
δ = 1 mm
UE = 

Figure 4.2: Plate-Type heat exchanger

From 6th to 9th December 2019, the SATREPS OTEC training program was held in Kumejima, in the region of 
Okinawa. The participants were welcomed by Mr. Benjamin Martin and Mr. Shin Okamura, representatives from 
the Kumejima OTEC facility centre. They came to receive us from the Kumejima airport. This specific training 
was held to give an exposure to all participants on the working principles and maintenance procedure of the 
100kW OTEC plant and also the seawater intake facility.

Introduction to these facilities began with a slide 
presentation by Mr. Benjamin, titled ‘INTRODUCTION 
TO DESIGN, GENERAL OPERATION AND CONTROL OF THE 
OTEC DEMONSTRATION FACILITY’ before a site visit 
to the plant itself (due to storm and rain). The OTEC 
Experimental Facilities consist of;

1. Computer Control Room, inside the ODRC Building
2. 100kw OTEC Demonstration Plant
3. Desalination Demo Unit
4. Electrical & Manual Control Room

Figure 5.1: 100 kW OTEC Demonstration Plant at Kumejima & its flow capacity

5-1   OTEC experimental facilities

The 100kW OTEC demonstration plant consist of two units 
(double rankine cycle) which are Unit A and Unit B as 
shown in Figure 5.1. Unit A was built in 2012, whereas Unit 
B in 2016 (as shown in Figure 5.2). Each unit produces 
50 kW, with their own set of evaporator, condenser and 
turbine. The working fluid used in this OTEC plant is R134a, 
Hydro-Fluoro-Carbons (HFCs). Although, the design of the 
heat exchanger can use ammonia (NH3) as working fluid, 
R134a was chosen to fulfill the local authority’s law which 
forbids the usage of NH3.
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Control and operation of OTEC demonstration plant can 
be done manually or by computer, although most of the 
time this plant is operated and monitored via computer in 
the facility as shown in Figure 5.4. But in some cases, the 
plant is operated manually such as during the final stage 
of the opening and closing of the plant. Participants have 
been taught how to operate the demonstration plant by 
computer control system, step-by-step, from system 
start-up to controlled stop as shown in Figure 5.5.

5-3  Seawater Intake facility

The seawater intake for this OTEC demonstration plant 
is located near to the shore and nearer to the OTEC plant 
itself. It is for the reason that the length of the pipe used 
to carry the seawater is reduced and optimized. The 
warm seawater is taken from the sea by natural flow 
and sea wave. The deep-sea water on the other hand is 
taken from 612m depth, under the sea. The surface sea 
water temperature is about 28oC during summer and 
22oC during winter and the deep-sea water is around 8oC 
throughout the year. The deep-sea water that has been 
collected is pumped into a tank and then distributed to 
other related industries and to OTEC demonstration plant 
(when necessary).

WSW Intake specifications are as follows:
Location area is as shown in Figure 5.6 and 5.7:
Distance of 615m from surface seawater intake point and 
depth length (DL) is 13m from surface
Surface seawater intake pipe diameter: 560mm
Flow rate: ~ 540 m3/h
Depth: 13m
WSW Inlet Temp: 23oC

The maintenance of OTEC plant is made regularly as it is 
due to the corrosion because of the breeze from the sea.

REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

Figure 5.2: Unit A and Unit B system

Figure 5.4: Overall layout of OTEC control system

Figure 5.3: Desalination & Hydrogen production demo unit 
container, located next to OTEC demonstration plant which is 
the IOES satellite in Kumejima

5-2  100kW OTEC maintenance & operation 

Figure 5.5 Example of step-by-step procedure for seawater 
unit start-up (Control System)

Fig.5.6: Picture of WSW intake segment (Assembled in the 
construction)
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DSW Intake specifications 
are as follows:
The optimum distance from 
the shore is about 2300m 
(as shown is Figure 5.8) 
from deep seawater intake 
point and DL is about 615m 
from surface x 2 pipes
Deep seawater intake pipes 
diameter: 280mm, 380mm, 
450mm and 300mm
Flow rate: ~ 540 m3/h
Depth: about 615 m
DSW Inlet Temp: 9oC

REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

Fig.5.7: Picture of WSW intake segment (Installation)

Figure 5.8: Distance of DSW pipe
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6-1  Deep seawater application in Kumejima

Deep seawater application in Kumejima has long 
been there and utilized in the industrial sectors 
even before OTEC technology was introduced. 
Four main elements of deep seawater application 
in Kumejima industries are the economical profit, 
food production, education and environment 
conservation. Agriculture and aquaculture 
industries utilized most of the deep seawater 
supply, but have contributed to their highest 
revenues. The main aquaculture activities using 
cold deep seawater are the oyster farms, prawn’s 
hatchery and seaweed culture. These industries 
are improving their research and development 
towards quality and massive production of healthy, 
safe and nutritious food supplies as some of the 
water is also processed for drinking water with 
tremendous health benefits. Utilisation of nutrient 
rich deep seawater in skincare and cosmetic range 
is also one of Kumejima’s main products that 
give high profit return as only minimal volume of 
deep seawater is required. Apart from economy 
and food production, the deep seawater is also 
supplied to the coral nursery for the recovery 
of bleached corals due to global warming. In the 
summertime, the deep seawater runs through the 
built-in pipeline for cooling in the OTEC facility 
building as a substitute for air-conditioners. The 
OTEC demonstration plant in Kumejima serves not 
only as an educational and research platform, but 
also an attraction to the public and the world.

6-2  Kumejima model

The Kumejima model was introduced as a result 
of potential energy generation from seawater 
temperature difference, not limited to the deep 
seawater related industries. The plant has been 
operating since 2013 producing a total of 100kwatt. 
Although it was mainly used for demonstration 
purposes, it has helped a lot in understanding 
the build-up concept of the plant as well as the 
maintenance involved which serves as a reference 
for Malaysian model and other OTEC commercial 
plant model.

REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

7. IMPRESSION FROM PARTICIPANTS

7-1   Impression

The training was very informative, educational and 
useful for all participants to visualize OTEC technology 
and its spin-off industries in Malaysian context. 
All participants from different backgrounds and 
experiences were brought together and taught about 
the basics of thermodynamics, application of OTEC 
system, OTEC operation, maintenance and utilizations. 
All of the experts, guides, facility instructors from the 
Japanese side were very good and have given their best 
in conducting this SATREPS OTEC training. All of the 
participants are very thankful and appreciative towards 
organizing teams’ hospitality throughout the program in 
IOES, Imari and Kumejima.

7-2   Recommendations / suggestions 
for next training program

Overall, the content and activities were very good, 
comprehensive and beyond expectation. However, some 
suggestions for improvement would be to increase the 
training and learning time for basic thermodynamics, 
heat exchangers and the business model. It would 
provide a better understanding and thinking time for 
all participants. Another recommendation would be to 
conduct this training in the month of April or May to avoid 
rainy season, storm and other climate hurdles.

6. DEEP SEAWATER APPLICATION 
AND KUMEJIMA MODEL

6-3  Education / Understanding of deep seawater 
potential in Kumejima

The development of OTEC technology in Kumejima 
involves awareness amongst the locals through 
education and government support especially 
the local authorities. School tours to the OTEC 
demonstration plant is one of the occasional activity 
that is conducted. It is professionally guided by the 
OTEC experts as their social responsibilities towards 
communities and societies in their vicinity. The deep 
seawater potential in Kumejima will develop further 
and will continue to establish as the local authorities 
are very supportive and always promoting deep 
seawater products of Kumejima and the world.
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REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

8. SUMMARY

The first SATREPS OTEC training was very useful 
and comprehensive for all the participants in order 
to understand the fundamentals of OTEC and its 
application. The training content was appropriate and 
well aligned with the project outcome. Participants were 
able to visualize the future of Malaysian OTEC Model. 
There were several visits to OTEC spin-off industries, 
such as shrimp farm, deep-sea-water bottling factory, 
seaweed farm, cosmetic outlet and factory and all were 
very impressive and excellent. Participants enjoyed 
the hospitality and warm welcome from IOES staffs in 
Imari and Kumejima Mayor and county office staffs. 
Nevertheless, the accommodation and meals were 
also well arranged by the organisers, especially to suit 
participants’ needs and requirements. Round trip flight 
was also comfortable for participants to travel from 

Malaysia to Japan via Bangkok. Flights to Kumejima was 
also nice and comfortable. Overall transportation during 
the training was manageable even though it was 10 
members moving together. Some ideas for improvement 
especially on the scheduling, OTEC content and delivery 
would be; provide OTEC basics training (3 – 5 days) in 
Malaysia before the hands-on training in Japan. The 
idea is to expose the participants with OTEC technical 
basics in advance which will ease and provide them the 
know-how and for better understanding. Participants 
will be able to think critically and creatively while the 
hands-on training in Japan. These approaches will 
ensure that the project output number 5 on knowledge 
and technology transfer will be effectively achieved. 
OTEC research and development, its stake holders will 
grow vigorously.
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REPORT ON THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS

Training participants in IOES, Imari

Participants of the training with Prof. Dr. Kamimoto (6th from left) and Ms. Sawatari (3rd from right), JST observers who joined the training on 6 
and 7 December 2019
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ANNEX II MALAYSIA PARTICIPANTS LIST

ANNEX III JAPANESE TRAINER LIST 

NO. NAME INSTITUTE SUB PROJECT / SPECIALTY

1. Ts. Dr. Sathiabama T. Thirugnana UTM PJ No. 2 / Electrical Engineering

2. Dr. Suriyanti Su N.P. UKM PJ No. 4 / Marine Science 

3. P.M. Ir. Dr. Farah Nora Aznieta Binti Abd Aziz UPM PJ NO. 1 / Civil Engineering

4. Assoc. Prof. Dr. Mohd Khairi Abu Husain UTM PJ No. 1 / Civil Engineering

5. Assoc. Prof. Dr. Shamsul Sarip UTM PJ No. 1 / Mechanical Engineering

6. Prof. Ir. Dr. Shuhaimi Mansor UTM PJ No. 5 / Aeronautical Engineering

7. Dr. Muhammad Fadhil Syukri Ismail UPM PJ No. 7 / Aquaculture

8. Dr. Yeong Hui Yin UM PJ No. 6 / Algae Biotechnology

9. Mr. Ridhwan Ruslan UTM PJ No. 9 / Mechanical Engineering

10. Mr. Azrin Ariffin UTM PJ No. 1 / Mechanical Engineering

NO. NAME ORGANIZATION TRAINING COURSE

1. Prof. Dr. IKEGAMI Yasyuki IOES OTEC, Thermodynamics

2. Special Appointed Prof. Dr. NAKAOKA Tsutomu IOES Heat transfer and heat exchanger for OTEC

3. Assistant Prof. Dr. YASUNAGA Takeshi IOES Introduction to IOES facilities. Seawater desalination 
& H-OTEC, Experimental OTEC data analysis

4. Dr. SAKURAZAWA Shunji Xenesys Introduction of Xenesys product line

5. Mr. Benjamin Martin GOSEA Introduction to Kumejima OTEC pilot plant and DSW 
applications

6. Mr. OKAMURA Shin Xenesys 100kW OTEC data analysis, operation and maintenance

7. Mr. OKUNO Tomoya SU (M1) 15 kW OTEC - hands-on experiment activity

8. Mr. NAKAMURA Taisei SU (B4) 15 kW OTEC - hands-on experiment activity

ANNEX

https://www.utm.my/satreps/projects/list-of-project
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ANNEX IV PRESENTATION ON TRAINING GUIDANCE AND EXPERIMENT OF 
OTEC (IOES) FACILITY AND DATA ANALYSIS (PART 1, PART 2, PART 3)

ANNEX
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ANNEX V PRESENTATION ON ADVANCED THERMODYNAMICS FOR OTEC 

ANNEX
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ANNEX

THE 1ST OTEC C/P TRAINING IN JAPAN SCHEDULE ANNEX I OVERALL TRAINING SCHEDULE

1/12/2019 - Sunday 2/12/2019 - Monday 3/12/2019 - Tuesday 4/12/2019 - Wednesday 5/12/2019 - Thursday 6/12/2019 - Friday 7/12/2019 - Saturday 8/12/2019 - Sunday 9/12/2019 - Monday 10/12/2019 - Tuesday 11/12/2019 - Wednesday

Hotel Pickup Hotel Pickup 6:00 Highway Bus to FUK

8:00

21:05 TG418 to 
Bangkok (BKK)

KUL-BKK

22:10 Arrival at BKK

+01:00 TG648 to 
Fukuoka(FUK)

BKK-FUK

8:10 Arrival at FU

8:00 to 12:00
IOES OTEC 

experomental plant
 Set-up

8:00 to 12:00
 OTEC data analysis

IOES Imari, Seawater 
Intake facility briefing 

(1 hour)

8:00 Arrival at FUK

8:30 Move to FUK Domestic 
Airport

8:45 Hotel Pickup 8:45 Hotel Pickup 8:30 Check out

9:00 9:25 JTA053 to OKA 9:15 Hotel Pickup

9:00 to 12:00
Session 1 - Okinawa 

Deep Seawater 
Research Centre

9:00 to 12:00

Session 3 - Okinawa 
Deep Seawater 

Research Centre

Coral Conservation site 
visit (1 hour)

Lecture by Kakuma 
Sensei (Former director 

of the Okinawa Deep 
Seawater Research 

Centre) (1 hour)

Hotel Check Out 
Resort Hotel Kume 

Island

Move to FUK 
International Airport9:30 9:33 Highway Bus to Imar 9:30 Cosmetics 

Company Visit

10:00 10:00 Oyster Farm Visit 10:00 Hotel Pickup

10:30 10:30 Water Bottling 
Company Visit

11:00 11:15 Arrive at Naha Airport (OKA) 11:05 Prawn Farm Visit

11:30 11:53 Arrival at  Imari Station 
Saga Univ. Bus pick up

11:30 Deep Seawater 
Spa Facility Visit 11:45 Hotel Pickup 11:30 RAC876 to OKA 

Depart Kumejima 11:40 TG649 to BKK

12:00 Lunch
(Lunch Box

Lunch
(Lunch Box

Lunch
(Lunch Box

Lunch at Airport Lunch
(Namiji Restaurant)

Lunch
(Fishery Coopera-

tive)

Lunch
(Your Choice at 

Convinience Store)

Lunch
(Your Choice at A-Coop 

Store)

12:05 Arrive at OKA

12:30 Lunch at Airport 16:45 TG417 to KUL

13:00 13:00 Guidance

13:00 to 18:00
IOES OTEC 

experimental plant 
operation

13:00 to 18:00
OTEC data analysis

Xenesys Inc. HEx 
manufacturing plant 
site visit and briefing

Dr. Yeong (Project6) and 
Dr. Fadhil (Project7) had 

a meeting/discussion 
with Dr. Shin Hirayama 

(2 hours)

13:00 Deep Seawater 
Research Centre Visit

13:00 to 17:00
Session 2 - Okinawa 

Deep Seawater 
Research Centre

13:00 Optional 
Kumejima Sightseeing 

(Miifuga Rock, 
Gushikawa Castle, 

Ghost Slope, Souvineer 
Shopping, etc.) Silk 

Pavilion Costs 200JPY

13:00 to 17:00
Session 4 - Okinawa 

Deep Seawater 
Research Centre

13:10 JTA054 to FUK

13:30

14:00 to 17:00
IOES Facility Tour

13:40 JTA211 to UEO 13:30 OTEC Project 
Introduction

14:00 14:20 Arrival at Kumejima(UEO) 14:00 OTEC Facility Tour

14:30 14:30 Cold Soil 
Agriculture Visit

15:00 Hotel Check In
15:15 Kumejima 

Sightseeing (Tunaha 
Mountain, Yachimun 
Gallery, Uegusuku 
Castle, Hiyajo Cliff)

14:55 Arrival at FUK

15:30 Kumejima Schedule Guidance 
Meeting

@ Resort Hotel Kume Island

Move to Hakata 15:40 Arrival at BKK

16:00 17:00 Hotel Return

16:00-17:30 
Wrap-up Meeeting

16:30 16:30 Courtesy Visit to Town 
Mayor, Mr. Haruo Ohta

16:45 TG417 to KUL

17:00

17:00 -19:00
Welcome Reception

17:00 Hotel Return 17:00 Hotel Return
17:00 Optional Bade 
Haus Visit ~1100JPY
(Dinner Available)

17:00 Hotel Return

17:30

18:00 Dinner
(Free Choice)

Dinner
(Free Choice)

Dinner
(Free Choice)

Dinner
(Free Choice)

Dinner
(Free Choice18:30

18:30 Welcome Dinner 
@ Kameyoshi 

Restaurant

Dinner
(Free Choice19:00

19:30

20:00 19:55 Arrival at KUL

HOTEL Flight Central Hotel Imari Kume Island Hotel Confort Hotel Hakata n/a
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13:00 to 17:00
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ANNEX

ANNEX VI PRESENTATION ON SEAWATER DESALINATION AND H-OTEC
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ANNEX VII PRESENTATION ON HEAT TRANSFER 
AND HEAT EXCHANGER FOR OTEC

ANNEX
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Abbreviation
DSW Deep Seawater

GOSEA Global Ocean reSource and Energy Association Institute

H-OTEC Hybrid Ocean Thermal Energy Conversion

I-AQUAS International Institute of Aquaculture and Aquatic Sciences

IOES Institute of Ocean Energy, Saga University (IOES)

JFY Japanese Financial Year (April -March)

JICA Japan International Cooperation Agency

JST Japan Science and Technology Agency

OTEC Ocean Thermal Energy Conversion

R&D Research & Development

SATREPS Science and Technology Research Partnership for Sustainable Development

SDGs Sustainable Development Goals (United Nations)

SU Saga Univerity

UKM University Kebangsaan Malaysia

UM University of Malaya

UMT University Malaysia Terengganu

UTM University Teknologi Malaysia

UPM University Putra Malaysia
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