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his 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 Tst 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 technologiesin 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
2417 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 C02
emissions in 2020 of 30.6 Giga tonnes.

In short, go for OTEC, and move toward a sustainable future.
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alaysia 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, | 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.
| 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.
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TRAINING REPORT
REPORT ON THE 1ST ON THE SITE TRAINING

OF OTEC AND DSW APPLICATIONS

Development of Advanced Hybrid Ocean
2. SCHEDULE AND PARTICIPANTS
(AS ATTACHMENT)

Thermal Energy Conversion (OTEC)
Technology for Low Carbon Society and

The entire training was held from 2nd till 10th December
2019 in two places. The first one was in I0ES satellite in

Sustainable Energy System:

First Experimental OTEC Plant of Malaysia
Imari to learn the basics of thermodynamics and OTEC
application, and the next was OTEC test facility operation,
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Name: Assistant Prof. Dr.YASUNAGA Takeshi
Ts. Dr. Sathiabama T. Thirugnana

Title: Project Manager

Submission Date: 14 April 2020

1. PURPOSE AND METHOD

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 (I0ES), 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:

() 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

(i) 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, I0ES, 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
onsitein[OES OTEC test rigs and OPDRC OTEC demonstration
plant. Besides OTEC application, general thermodynamics
were covered and training was done in I0ES Imari.

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 | for more details of schedule and
Annex Il & Il 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.

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
3.1using an experimental data analysis of OTEC system
at I0ES 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.
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Figure 3.1: Thermal cycle efficiency

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, ammonias 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.
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Figure 3.3: Calculation of turbine power to intraduce REFPROP
software to determine R134a thermadynamic properties

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.

Turbine ¢onerator

Evaporator Condenser
g% Working Fluid 83
Pump
o Warm seawater Cold seawater 0

pump

pump

ﬁrh - e T— o ,&Wa

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 (I0ES)is
an international centre for the study of ocean energy,
specifically in Ocean Thermal Energy Conversion
(OTEC) in Japan and in the world. I0ES 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.

asnmn PR

4-215 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 lkegami 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., 0TEC R&D centre visit gave the participants
a firsthand experience on the development process
of OTEC equipment (specifically on the OTECs 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

PES 1) <

L
Warr mptee
TR0 tuge

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.

YRR T-2 AR T

Wit btng tned (reulation gy Worbing Sl G wulntian pumg

Figure 4.1: 30 kW ammonia/water cycle for OTEC in I0ES
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Primary in
Secondary out

leale

Primary out
Secondary in

Figure 4.2: Plate-Type heat exchanger

Example of question during this training:

Calculate of the Overall Heat Transfer Coefficient U, 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 h, is 10000 W/(m? K), the thermal conductivity A is 16.5 W/
(m K) and the thickness of plate O is 1 mm.

A=k=16.5W/(m K)
hWS = 5000 W/(m2 K)
hWF =10000 W/(m2 K)

0=Tmm
= _% =1 0O 1= 1 = 1 = Z2TT3 Wim? K
F o ApdTa hws 0 hwr ﬁ + 5:"‘ ﬁl ﬁnl.:usl*'wuou

5. 100 KW PILOT PLANT IN KUMEJIMA

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.

5-1 OTEC experimental facilities

Warm Sea Water

» Flow Rate: 13,000 t/d (540t/h)
shared with Research Center

« Water Depth: 15m
« Temperature: Average, Summer,

Winter: 25.8 °C, 29°C, 23°C

Deep Sea Water

+ Flow Rate: 13,000 t/d (540t/h)

shared with Research Institute

« Water Depth: 612m
« Temperature: 9°C (yearly

average)

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

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

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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For the purposes of vanous expenments, the seawater in the facity can flow
from Units A to B, B to A, A only, B only, etc. Seawater Flow direction s
reguiated by manual valves

Figure 5.2: Unit A and Unit B system

5-2 100kW OTEC maintenance & operation

Manual OTEC
Control
»
(HIS Override)
- £

Telemetry and
Control Cables
N (Underground)

'

Figure 5.4: Overall layout of UTEC control system

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.

Unit Start-up (Seawater)

1. Check the Trend Menu 1. Check Seawater Tank Levels
to ensure pump is and Seawater Pump is ON
operational (Seawater 2. Start Seawater Flow
Tk Lavey Is iricreasing) 3. Stabilize Seawater Flow
‘ 4. Repeat for DSW

3. Change J

=

Control Mode §§ _» . = , 5 - r |

to Automatic SRR e — e
Tank Level - 2. Slowl
Control e - 4

change the
Input %

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

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

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

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 280C during summer and
220C 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: 230C

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: 90C

Figure 5.8: Distance of DSW pipe
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6. DEEP SEAWATER APPLICATION

AND KUMEJIMA MODEL

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.

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.

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.
Al 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.
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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 |0ES 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

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

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 forimprovement
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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- WSV
. ) 1] 8o S
. OIEE

Arerrpmett of Afsareed intid Ocean Thersa [eergy
To by oy X o Sanboom Sy drvd actai s Lomrgy Vb,
Vieat Gaserprrentad DTIT Dlant of Mutgyiia :

Training participants in 10ES, Imari

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

ANNEX Il MALAYSIA PARTICIPANTS LIST

M“ INSTITUTE SUB PROJECT / SPECIALTY

Ts. Dr. Sathiabama T. Thirugnana 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

https://www.utm.my/satreps/projects/list-of-project

ANNEX [l JAPANESE TRAINER LIST

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 I0ES facilities. Seawater desalination
& H-0TEC, Experimental OTEC data analysis

4. | Dr. SAKURAZAWA Shuniji 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
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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)

The 1! on the site training

on OTEC and DSW applications
held on 2 - 10 Dec. 2019

Annex IV (Part 1) -Training guidance
and IOES facility tour-

Documentation & Precautions

1. Documentation

The documents are requirement for the payment of
transportation tickets, accommodation, meals and daily
allowance under Saga University’s rule.

2. Insurance
JICA prepare the insurance during the trip for the training.
*Please sign to your insurance card.

3. Foods & drinks

IOES prepares the suitable snacks, drinks and foods. Please
enjoy them by your own risk. We are very welcome any
questions about the substances and ingredients.

4. Publication permit
This training includes unpublished information and data. Please
do not publish any unpublished information and data without

permission from the Japanese counterpart. "
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Training Guidance & IOES tour

2. Training Purpose

The training program “On the site training on OTEC and DSW
applications” is aimed for construction of the Malaysia Model for
low carbon and sustainable society in Malaysia and the world.
In the program, the participant leran:

- the OTEC basic knowledge, OTEC facility maintenance &
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 center, and

- the present condition of DSW application in Kumajima, Japan
3. Entire training schedule

4. I0ES tour

Training Schedule

2 Dec. Training Guidance, IOES tour & Welcome reception
3 - 4 Dec. OTEC training in IOES Imari satellite
5 Dec. Move to Kumejima
6- 9 Dec. OTEC and DSW training in Kumejima
( 8 Dec. Day-off)
10 Dec. Move to Fukuoka, Wrap-up meeting
11 Dec. Departure

* For more detail, please refer to the handout schedule
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Institute of Ocean Energy, Saga University, Japan

FRREEHYTIAMERRE
Imari satellite facility tour

i

Development IOES began to operate as a "Joint Usage /
« International competition and Research Center” in April, 2010, to

cooperation encourage more research and education
el on ocean power energy by allowing access
to the equipment housed at our university
and research laboratories by national

facilities and organizations.
* Long term research experience ] b “

* Recognized as the central hub . :
of DEgresgarchas ® h ® [Basic Act on Ocean Policy ]

3rd [Basic Plan on Oceanl
(2018 - 2023)

Environment @ [New Offshore Use Actfor Offshore Wind
« Japan has world 6t EEZ Pm: Outline and issues {Apl' 2019}
F=AREOHAC T | St TS Ape It enables ones to occupy an offshore

(enhancement of OE) :

area in 30 years at longest, and to do

business of large scale of wind farms. And
Strength of OE then th»_e .government appotnt:s the .
P Dol | enterprising companies applying a public
+ Relatively high density of energy | subscription based on 50% economical

in RE T point and another 50% on ecological and

romotion of local industries etc.
Offshore wind P 3
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ANNEX

| Location and Facilit

I Location

® Headquarter (Hojo, Saga city)
= Office, Meeting room

® Imari satellite (Imari city)
= Experimental apparatus, Super-

computers, Accommodation

® Kumejima satellite (Kumejima town, = :

Okinawa) = Experimental Imari Satellite Kumejima Satellite

apparatus Est. 2003 Est. 2014
Facility

OTEC related (6 devices)
Ocean Fluid related (4 devices)
Material recovery (1 devices)
Hydrogen related (3 devices)
Chemical analysis (8 devices) Total 22 deveice
Technical report, Database... etc

and storage

2D Wave tank Circulation tank DOW simulation tank Lithium recavery 7

Academic international exchange agreements

T B TR FURIE T AR R R
Ooean Energy Platform, Defft [Dalian University of Techaology,
Energy, Delft Unfearsity uF‘T’echnnlogv BR.China [H2TH1E~)

the Natherfands  (H29 -

T—FrZH  pLuenise
e PR EHTE A(HER) KENESYS

A
EWAY

SRR T Lt —
Regional Research Canter for Advancad
Ervironmanta®y Friendly Energy Systems{CAEFES],
Pukyong National Uiniversity, Korga (H160058 )

SREIEEF R
T LA — AR S o —

. Human Resources Develapment Cenbar for i
e Ocean Enargy, Mantime University, Korea L
. ¥ y (H21E0H ) ;
i - l i § ’ o d X
- ' T DS B TR — TR I
. - \‘ A L‘awhomrl Energy Laboratory of Hawas
- : - " uthority.
-1 2 R B R T AT . i
Natanal Institute of Goean Technalogy, “
| HEEE B
L I et FNTT ISR
" - Darma Persada Lh‘iwerﬂl.',.' N
L/JE?!’{/D'\'# PL—= TR . Tnidonesla  [H2E4E5H~) .
Lot A FIMENTORES BEAEE LT F RS- [
FIMENT LABORATORY, 5 Desan Therrial Enargy Centre,
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International contribution

Oversea visitor is increasing

For 10 years (2008~2017) 1,604 people from 89 countries

. 004l 2007t AR HPF T

1,604 people/ 10 years i i
International education programs

(1) TProgram of International Platform on Ocean Energy for Young Researcher| supported by JST
(98 participants / 4 years from 8 to 17 countries)
{2) Internship program under joint research / usage program {Over 3 moth)

Malaysia ({2 person : for & month, 2015} France (1 person : for 6 month, 2017}
italia (1 person : for 5 month, 2018}

89 countries . G

18

International internship students

Malaysia (2 person : for 6 month, 2015)
Kevin Fontaine

Ra Union(France)
(Mar. 2017 — Aug. 201

Martina Pinto
Roma (ltaly)
(Sep. 2018 — Jan. 2019)

Lucas Ohata
Monperier (France)

15t year of PhD student in IOES !!
(Sep. 2019 — Dec. 2019)

The Program of Support on International Internship and Joint

Research Program for Young Researchers

This program supports overseas young researchers (35 years old or less) who will get a
master's degree or a PhD by using any facilities in Institute of Ocean Energy, Saga
University (IOES) to promote the international joint researches.
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Ocean Energy (by IEA-OES)

800+ TW

300+ TWh

EA-GES rapax

Global Electricity Consumption: e
| 17,400 TWh

11

|. esource Stranagth Weaknes:
REsOUrce LFETYLn Yy
------

Stable power generation Limited to subtropical ~ tropical

(7/24) zohes
High availability (Suited to; Okinawa, Malaysia, Hawali,
Predictable Pacific islands..., alc)
VWave Applicable to wider shore Limited to strong wave Zones
area (Suited fo: Yamagata, lwala, Australia,

Europe, Narth pacilic ocean... ats)

Relatively stable Limited to strong tide area

Predictable (Suited to: Coast of Goto Islands,
Kurushima strait. Scolt land, North
America and Indonasia. . etc)

Slrongar and constant wind Constant wind zones are
rather than land preferable . "
(Suited to: Coast of Fukushima, Akita, /
Goto islands, :
Morth Sea and China Sea. .. atc) il .

Each OE resource has strength and weakness, then BEST MIX considering specific
sites, efficient utilization should be considered
=[0ES contribute to innovative. cross sectional researches
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[Ocean Energy Demonstration Test Field in Japan]
— Selected by Cabinet Office-

1.0ffshore Wind Test Field
Niigata, Nagasaki, Saga Sites

2. Wave power DAy
Niigata, < EY m
3. Tidal Current A\ ¢
Niigata, Nagasaki, Saga ,
4. Ocean Current : o L Wakayama
Niigata, Kagoshima

5. OTES

Okinawa

Recent development of
Ocean Thermal Energy Conversion
(OTEC)
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OTEC Projects in the world

" Kiribati

MW plari = g
Assembled 2019

Reference: IAEA-OES

26 Sep. 2019
In Busan, Korea

Generated
successfully on the
coast of Korea

To be exported to
Kiribati in 2020

KOREA RESEARCH INSTITUTE OF SHIPS AND OCEAN ENGINEERING =
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Go to NEW STAGE (Re START) of Real OTEC
Technology to connect the electric grid for the first time
in 15 years in the world.

o™
e R X =

.2.0“1 century)

From OPEC (in the
To

Kume-island demonstration OTEC
project
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OTEC Demonstration Facility in Kumejima (Okinawa)

| Electricity Business Act

Unit A for ‘
Continuous Power Unit B for

Generation (max. Experiments on
EDkW) Elemental Technology

(50kW size without
Turbine Generator)

Condenser A

Condenser B

OTEC Demonstration Facility in Kumejima (Okinawa)
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History

30 Mar. / 1st Power Generation Test Succeeded

Surface Water: 23.5°C, 330t/h
Deep Water: 9.3 08C, 250t/h
Power Qutput: 3.1kW (for Test)

I

History
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History

History
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History

History
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History

——

Demdnstration project in Kumejima

t_
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ANNEX

Ocean Thermal Energy Conversion (OTEC)

Turbine

|

|| x2 from 2016 |

& 1l
ol

rl Condenser J

Evaporator | g = 2 e
oy | '? ' 3. | DeepSea
Surface Sea Sah N L Al Water
Water LY e Z<e ; - (9°C)
(20~29°C)

Working Fluid Pump %
’,I__,‘._.I. 3 !

kY

Kumejima (Kume Island)
Area : 63.50 km?

Population: approx. 8500
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OTEC Demonstration Facility
in Kumejima (Okinawa pref., Japan)

Okinawa Prefectural Deep Sea Water Research Center and Business
Park

AT
- Young Prawn Culture
-Seaweed Culture
- Cosmetics Factory

Okinawa Prefectural DSW
Research Center

R =
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The user of deep seawater

Food, Water, etc.
Bade Haus... 1%

Sea Grapes
48%

Okinawa Prefectural Deep Sea Water Research Center and Business

other 2.035
27% |  Billion Yan
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Kumejima model (Advanced DSW use)

Sustainable Local community of < Energy +Water + Food >

ﬁ.-é-"

w_zp“ﬂa‘“ Vegetables [Alnculture] Desalination (Water)

- aw
- N
a

fl‘-t iR W W
", - Ji - P

'S R ——
_—!..-‘—du_l_" ¥

aEl M En “an
T T

Coral nursery
{Environment)

Sea Grapes (Aquaculture) TR
i dnpanaseh, Fransizied B the Kuruma shrimps (Aquaculture)
EsEnbET

SATREPS SATREPS

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

Plant of Malaysia
Term : April. 2019 — Mar. 2024 (5 years)

Funding : (JST)170Myen (JICA)300Myen (MoE, Malaysia) 160Myen)

Overall goal: The implementation of combination of Hybrid OTEC (H-OTEC) and deep
seawater application, so called “Malaysia Model”, is commenced in Malaysia

Project purpose : Malaysia Model is established

Sam

<0Organization>

< Research topics>

(LH-OTEC pilgt plant suitable for Malaysian SSB e bl
environment is developed

@The optimum condition for H-OTEC in
Malaysia is specified based on the experiment
using pilot plant

(3)Suitable combination of DSW multiple use in
Malaysia using H-OTEC is established

@ Effect on the environment and CO2 emission
is clarified

(8 The human capital on the OTEC technologies it
and on the DSW multiple use for business is
developed
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OTEC contribution to SDGs

BIDSPHERE

>

EEE

3. Good Health & Wellbeing

d
27 10ES 39
Questions ?
22 10ES
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Annex IV (Part 2) - Experiment of OTEC facility

The I'" on the site training on OTEC and DSW applications
3 December 2019, TOES Imari, Japan

Takeshi Yasunaga
Institute of Ocean Energy, Saga University, Japan

*CONFIDENTIAL* RELATED PARTIES ONLY O “ e i

SAGA UNIVERSITY

15kW OTEC facility

Evaporatos

VAR Sodwier
Veewring Muid

Material

Length

Width Warking Fhuid Working F held
Thicknmas X L | Pump Tank

Eraadih of flow
chanmel|

Warm Seawaler Cokl Seawater
Pump pump

Nuirriber of plale
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Heat source

(I Wanm source Tank ) Boiler circulation pump (2 Boiler

e = G5 Warm water heater () Warm source punp  Evaporator
ki —
- )\
= [ < | (@ Flowmeter
L iy

(1) Hightemperature tank & Low-temperature tank (5 Refrigerator pump
@) Refrigerator (& Cold source pump-No.l ) Cold source pump-No.2
() Flow rate control valve-No.1 (& Flow rate control valve-No 2

(B Temperature control valve-No.1 (0 Temperature control valve-No.2 (1D Condenser
(D Flowmeter

Annex IV (Part 3) - OTEC experimental data analysis

The 1" on the site training on OTEC and DSW applications
4 December 2019, IOES Imari, Japan

Takeshi Yasunaga
Institute of Ocean Energy, Saga University, Japan

27 I0ES

*CONFIDENTIAL* RELATED PARTIES ONLY ]
A

SAGA UNIVERSITY
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Calculation of turbine and WF pump powers

Evaporatos

@“ Qo P

Warm Seawaler Cokl Seawater
Pump pump

Turbine power W+

Actual turbine power W+ and turbine internal
efficiency nr

Wy =m,(hy — hy)
W
W ideal )
Wr.idear = my(hy = hy)
h; : 55 = 5, (isentropic change)

Ny =

r
Wirm Sawumr
Pamp

Since a pressure reduction valve is isenthalpic change, in the case of

pressure reduction valve, the power is assumed and calculated:
- Assume the turbine outlet pressure is measured valve outlet pressure

s, = s, (isentropic change), P, = P,(measured value)
calculate h, using s, and P,
WT.assume =my (hl - hz)??fr
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WF pump power Wy

Separator

Evaparassr |
]

Actual pump power Wz and Pump efficiency 7

Wp = my(hs — hy)
np = WP,Idea!
P,

Wp idear = m4(h5 - hq}
I B el h- : 5- = 5, (isentropic change)
Famp pamp

Since the change of the specific volume of liquid during the pump-up is
negligible, W is usually simplified as follows:

vs = v, (isovolumetric change is negligible)

5 5
hs—h,{_:"‘l?dPEUJ‘ dP=1?4(P5-P4)
4 4
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ANNEX V PRESENTATION ON ADVANCED THERMODYNAMICS FOR OTEC

Al e Toras, X . s d .‘._"'

SATREPS-OTEC Training JFY2019

OTEC Design and Evaluation

A

e
=2

_"\ <
Y

R Generator:‘fﬁ: Light
Warm Seawater Ammonia . ~w'T
at Surface

=

= Ammonia

Cold Seawater
in Depth
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THE 1ST OTEC C/P TRAINING IN JAPAN SCHEDULE

8:00
8:30
9:00

9:30

10:00

10:30

11:00

11:30

12:00
12:30

13:00

13:30

14:00

14:30

15:00
15:30
16:00
16:30
17:00
17:30
18:00
18:30
19:00
19:30
20:00
HOTEL

1712/2019 - Sunday

2/12/2019 - Monday

3/12/2019 - Tuesday ~ 4/12/2019 - Wednesday

5/12/2019 - Thursday

Hotel Pickup Hotel Pickup 6:00 Highway Bus to FUK
8:10 Arrival at FU 8:00 Arrival at FUK
Move to FUK Domestic
Airport 9:25 JTAO53 to OKA
8:00 to 12:00
9:33 Highway Bus to Imar 8:00 to 12:00 OTEC data analysis
IOES OTEC
experomental plant | 10ES Imari, Seawater
Set-up Intake facility briefing
(1hour)
11:15 Arrive at Naha Airport (OKA)
11:53 Arrival at Imari Station
Saga Univ. Bus pick up
Lunch Lunch Lunch Lunch at Airport
(Lunch Box (Lunch Box (Lunch Box
21:05 TG418 to
Bangkok (BKK) 13:00 Guidance
KUL-BKK
13:40 JTAZ1 to UEO
22:10 Arrival at BKK 13:00 to 18:00
OTEC data analysis P .
0100 TG648 to 14:20 Arrival at Kumejima(UEO)
Fukuoka(FUK) Xenesys Inc. HEx
BKK-FUK 14:00 to T7:00 13:00 to 18:00 maangctunng 'plgnt
I0ES Facility Tour IOES OTEC site visit and briefing Hotel Check |
experimental plant Otel Lheck in
operation Dr. Yeong (Project6) and | kmejima Schedule Guidance
Dr. Fadhil (Project7) had Meeting
a meeting/discussion | @ Resort Hotel Kume Island
with Dr. Shin Hirayama
(2 hours) 16:30 Courtesy Visit to Town
Mayor, Mr. Haruo Ohta
17:00 -19:00
Welcome Reception Dinner Dinner Dinner
(Free Choice) (Free Choice) (Free Choice)
Flight Central Hotel Imari

REPORT OF TRAINING ON SATREPS-O0TEC PROJECT JFY2019

‘THE 1ST ON THE SITE TRAINING OF OTEC AND DSW APPLICATIONS *




ANNEX | OVERALL TRAINING SCHEDULE

6/12/2019 - Friday

112/2019 - Saturday

8/12/2019 - Sunday

9/12/2019 - Monday

10/12/2019 - Tuesday

11/12/2019 - Wednesday

8:45 Hotel Pickup

8:45 Hotel Pickup

8:30 Check out

9:15 Hotel Pickup

9:00 to 12:00

Hotel Check Out

Move to FUK

Ol s tes Session 3 - Okinawa Resort Hotel Kume ] A
Company Visit Deep Seawater Island
Research Centre
10:00 Oyster Farm Visit | 9:00t0 12:00 . .| 10:00 Hotel Pickup
Session 1- Okinawa Coral Conservation site
10:30 Water BUttllng Deep Seawater visit (‘I hOUI')
Company Visit Research Centre Lecture by Kakuma
11:05 Prawn Farm Visit Sensei (Former director
of the Okinawa Deep
11:30 Deep Seawater ) . Seawater Research | 11:50 RAC876 to OKA .
Spa Facility Visit 1145 Hotel Pickup Centre) (1 hour) Depart Kumejima DB i
Lunch Lunch Lunch Lunch 12:05 Arrive at OKA
(Namiii Restaurant) (Fishery Coopera- (Your Choice at (Your Choice at A-Coop
I tive) Convinience Store) Store) Lunch at Airport 16:45 TG417 to KUL
13:00 Deep Seawater .
Research Centre Visit 18:10 JTADS4 to FUK
13:30 OTEC Project 13:00 Optional
Introduction Kumejima Sightseeing
] " (Miifuga Rock,
14:00 OTEC Facility Tour 1500 o 700 Sushikawa Castle, ]3.:00 - ]7190
14:30 Cold Soil Session 2 - Okinawa | Ghost Slope, Souvineer Session 4 - Okinawa
Agriculture Visit Deep Seawater Shopping, etc.) Silk RDeeP S‘;agatfr
Pavilion Costs 200JPY esearch Lentre
1575 Kumeiima Research Centre 14:55 Arrival at FUK
:15 Kumejim
Sightseeing (Tunaha Move to Hakata 15:40 Arrival at BKK

Mountain, Yachimun
Gallery, Uegusuku
Castle, Hiyajo Cliff)

17:00 Hotel Return

17:00 Hotel Return

17:00 Hotel Return

Dinner

18:30 Welcome Dinner
@ Kameyoshi
Restaurant

(Free Choice)

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

17:00 Hotel Return

16:00-17:30
Wrap-up Meeeting

16:45 TG417 to KUL

Dinner
(Free Choice

Dinner
(Free Choice

19:55 Arrival at KUL

Kume Island Hotel

Confort Hotel Hakata

n/a
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Renewable Power Plant using
Low-grade Thermal Energy(LTEC)

Conventional Power Plant ' Renewable Power Plant '

Evaluation of Power Plant

-

= g
ey ‘ Q H TH
OTEC(TH=28°C, TL=8°C)

- nec=1-(273.15+8)/(273.15+28)
: =0.066
@Steam Turbine(Th=550°C, TL.=25°C)
n e =1-(273.15+25)/(273.15+550)
=0.638
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Efficiency of Net power

W

® Conventional Power Plant
90% ~95%

@OTEC
50%~80%
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Warm Seawater
at Surface

Condenser

—  Ammonia

Cald Seawater
in Diepth

Saturated Rankine cycle

Turbine
Processes 1 —+ 2 : Isentropic expansion
1—2: 1scntropic cxpansion The vapor does the work in the turbine.
2 — 3 : Isobaric condensation
3 — 4 : Isentropic compression ,
4 — 1 : Isobaric evaporation Turige Generator

Evaporator

Evaporator

4 — 1 : Isobaric evaporation

Working fluid becomes vapor after
exchanging the heat with warm seawater.

Working fluid /|

um !
4 pump:
Jr..’\.' f||~,,| 4@ 'f.\.J
Warm Seawater // | Cold Seawater
pump y [ pump
/ Ill

Working fluid circulation pump Condenser
3 — 4 : [sentropic compression 2 — 3 : Isobaric condensation
Working fluid is sent to evaporator by After the vapor out of turbine, the working fluid goes into
working fluid circulation pump. condenser and exchanges the heat with cold seawater.

Copyright © IOES 2019
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Saturated Rankine cycle

T Warm scawater
\ Tu.\f _,‘

h.\ !
,’ Wet vapor \‘ ,;

T"W 1 Isobari
P / 1
ra

Processes
1 — 2 : Isentropic expansion
2 — 3 : Isobaric condensation
3 — 4 : Isentropic compression

& iae s A\
T,

T B Cold seawater
it

i

T-s diagram of Rankine cycle

] Superheated _ z
4B — | vapor 4 — 1 : Isobaric evaporation
Supercooled \
liquid A /
5 Rankine Cycle "‘ ;
! Y "" btk
i
4 I] \ .i’
, o
! a S
¥ 2

Warm Seawater
pump

Cold Seawater
pump

Rankine cycle flow

Copyright © IOES 2019

Equations 1/3

Turbine power Wy

Wyp = myp (hl = hz)

Working fluid pumping power
Wewr

Wpwr = myg (hy — h3)

Power output W

W =Wr — Wewr

= My [(hy — hy) — (hy — h3)]

myr : Working fluid flow rate [kg/s]
h  :8pecific enthalpy [ki/kg]

Processes
1 — 2 : Isentropic expansion
2 — 3 : Isobaric condensation
3 — 4 : Isentropic compression
4 — 1 : Isobaric evaporation

Turbine

Gienerator

Evaporator

Working NMuid
pump

Cold Seawater
pump

Warm Scawater
pump

Rankine cycle flow

bil=3-1 Copyright © IOES 2019
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ANNEX

Equations 2/3

Power output W .
W =Wy — Wpyr 1 — 2 : Isentropic expansion
= My [(hy — hy) — (hy — h3)] 2 — 3 : Isobaric condensation

3 — 4 : Isentropic compression
4 — 1 : Isobaric evaporation

Heat flow rate of evaporator Qg ‘
Qe = myr (hy — hy)

Turbine

Generator

Evaporator

Thermal efficiency of cycle n,y

" w
Mth = Q_a
= Mwr [(hy — hy) = (hy — h3)] & 2
Myyp (hy — hy) “';;ﬁl Seawater Cold Scnwmclr‘
(hy = hy) = (hy — h3) Pup pump
- (hy —hy) Rankine cycle flow

Copyright © IOES 2019

Equations 3/3

Heat flow rate of evaporator Qg | Processes

_ 1 — 2 : Isentropic expansion

= h; —h
Ox = (hy = ho) 2 — 3 : Isobaric condensation
3 — 4 : Isentropic compression
4 — 1 : Isobaric evaporation

Heat flow rate of condenser Q.
Q¢ = myp (hy — hs)

Turbine

Thermal efficiency of cycle n,y

Generator

w Evaporator
Mth = Q_E

_ (hy —hy) — (hy — h3)

= I: h1_ o h_.;_} Wnrll;::lll[il:'luid

(g —hy) = (y — ) - AT
(hl e hq,} Wilrrl':l.::,:::\'illcr L'l:]dn::z:lx‘\'ulcr

=1- % Rankine cycle flow
E

b= =0 Copyright © IOES 2019
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Thermal property at each point

T e s |
1

2 ?
3
48
4 — o
2V

b=] Copyright © IOES 2016

How to calculate on h2

h2=h3+x(h2v-h3) §2=53+x(S2v-S3)
= (hz- h3) / (hav- h3) X = (s3- 83) / (sov- 83)
s X: Dryness

X = (s2 - 83) / (S2v- 83)

' s2=s1

=(s1 - s3) / (S2v- 83)

Copyright © IOES 2016
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ANNEX

How to calculate on ha4

h4=h3+v3(P4-Ps)

Pa=N/m?2
Working Fluid Pump =h4-h3=v3(P4—P3) J=N'm
N=J/m
Specific Volume=1/density
Va=1/pa m3/kg X J/m3=J/kg
= kJ/kg

Example.
h3=103.8kJ/kg

V3=0.001(m3/kg) Why “X1000“ ?

P3=600kPa, P4=900kPa Pa = Pa
Working Fluid Pump=vs(P4-P3)
=0.001(900X 1000-6002X 1000) /1000 Why “/1000“ ?
=0.3kJ/kg
Jlkg = kJ/kg

ha=h3+v3(P4-P3)=103.8+0.3=104.1kJ/kg

Copyright © TOES 2019

Renewable Power System using
Ocean Thermal Energy Conversion

Power System using Power System using
finite-fuels unutilized heat source

Evaluation Evaluation
< L < L
74
i = =
Qy
Thermal Efficiency

b > =1 Copyright © IOES 2016
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Heat source temperature change and power output

W

M

Power output I [kKW]

I
:é/ M =max

Thermal efficiency of cycle o, [%6)

Heat Mlow rate of high-temperature heat source ¢, [MW]

High-temperature heat source temperature change
Al = Ty~ Ty [°C

Relationship between power output
and heat source temperature change

LB

M =

A High temperature fluid

Temperature

Low temperature fluid

—
—

Specific entropy

w T o —
Qu

Copyright © TOES 2016

Maximum power 1/4

i

‘ Finite flow rates and temperatures

Tisi *"l/, .
! i Tll Ny : 1
® »
5 Maximum value of usable power
=
%5‘. Reversible cycle
- Ideal heat exchanger;
3 infinite heat transfer area or
Lt o — heat transfer coefficient
.lrr L7
Cold seawater '
- =>
Specific entropy Heat source temperature and
Concept diagram of Reversible cycle :Igrilild:ngﬁf;l:l.lfi Sperton temper

b= =1 Copyright © IOES 2016
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ANNEX

Maximum power 2/4

A Warm seawater t Heat flow rate from warm seawater Qg ]
Tl( L7}
. ‘,_.-—L"/ Qws = Cws (Twsr — Twso)
Tye= Tusol -
5 Heat flow rate to cold seawater Q.g J
=
z" Reversible cycle Qcs =Ccs (Teso — Tesy)
2 Power output of Reversible cycle W
f-u == :lr: L11]
Texi ’,/T/ W = QWS . QCS
CO s >  Because of the reversible cycle,
Specific entropy the entropy generation is zero,
Cy : Heat capacity flow rate I Qws ! %
for warm seawater Tue Tic
C, : Heat capacity flow rate Qi @
o RS T

for cold seawater =
C =specific heat X flow rate Twso Tcso

Copyright © IOES 2016

=0

Maximum power 3/4

[ QR T p—

rti:’g‘rf:'-’ Power output of Reversible cycle W
Tux;
- W = Qws — Qcs

jgds= Qws Qcs —0
Twso Tcso

~
~

Temperature =

Reversible cycle

H. o ]Il L7) ]

The maximum power W,,, can be

Tesi introduced by differentiation of the
Cold seawater power output W over the warm and
Specific entropy > cold seawaters discharge temperatures

Twso, Tcso as follows,
Cy : Heat capacity flow rate

for warm seawater aw aw

C, : Heat capacity flow rate Muio 0 Brrea 0
for cold seawater

C = specific heat X flow rate

blso-]  Copyright © IOES 2016
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Maximum power 4/4

A Warm seawater

Twsi ‘_—)/
Tiuc= Twso

Reversible cycle

ff AT
Tesr ,/’T-”'

Cold seawater

Temperature

-

- =
Specific entropy

Cy : Heat capacity flow rate
for warm seawater

C; : Heat capacity flow rate
for cold seawater

C = specific heat X flow rate

fds oot B
Twso Tcso

Qws = Cws (Twst — Twso)

Qcs = Ccs (Teso — Test)

W = Qws — Ucs

g

T,
W= (1 o TCSO ) Cy(Tyr — Tho)
wso

ow__aw
‘ Twso T¢so

_ s —Test)’

Cws t+Cest

Wmax

Copyright © TOES 2016

Maximum power

Qu « ATyg
T] of 1/ATHS

Maximum power W,

v W= T)

TR T

Thermal efficiency My—nax

Thermal efficiency of cycle n,, [%o]
Heat flow rate of high-temperature heat source 0y, [MW]
Power output W [kW]

ATy =Ty = Ty [°C

High-temperature heat source temperature change

[ Thermal efficiency at maximum power is constant ]

Copyright © IOES 2016
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T

W. = = =
e CH1+C1.1

=@ Conventional Power Plant
30%~40%

@OTEC
20%~30%

Power output and pumping power

NN TR RS R T EEE TN EEEENEESEEEEEEEEESEEEEEEEEETEESEEESETEEEEEEEEEEEE - Ocean temperature difference
: Heat engine . I: Thermal energy
s urbiné Generator
P
: Seawater pumping power
Pumping power

. Evaporator

o
|
I o
. .. G Heat exchanger
| Working Fluid
| Pump
S L T e . NSO SR § i (R =N
Warm seawater Cold seawater {[ &
um
pump Thermal energy

Nth

] Power generation system }

bdioii] Copyright © IOES 2016
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- Netpower Wy -

- n+1
Wp,cs = Res Ces

¥

r : flow resistance

My s AP,
Woee = (Wr = W r) — (Wpws + Wpcs) Wp s = ———"
Pws Nlpws

[net power] = [Power output] — [Seawater pumping power]

W e Mcs APcs

POs T e

Seawater pumping power Pcs Np.cs

Wi = By Gp™™ Pressure loss AP

Whet = W — Ry CWSn+1 — Res Ccsn+1

n : exponent, a turbulent flow example (n = 1.8)

Net power of OTEC system

E— T
APy 5= Tys Myys

- 1
APpg=1es Mes

R : modified flow resistance

Copyright © IOES 2016

ANNEX

AT
Whet =

Maximum net power

Net power under the condition of maximum power

AT
Whetm =1 Fomr

AT

Cws " +Ccs™"

AT = (v' Twst — Tcs;)z

(n+1

n+1 n+1
[ RWS CWS - RCS CCS

Maximum net power (0Wye: /0Cws = 0, 0Wyee/3Ccs = 0)

}fn —(n+2) Is

[ Rwslf (n+2) 4 Rg 2l (n+2}]

AT I 1!" n

1
e (Rcs) fn+2)
Ruys

Yn
Cwsopt = I(n FDRysb + 1)2] Eesepe = I(n + DRes(b™ + 177

b > =1 Copyright © IOES 2016
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ANNEX

ANNEX VI PRESENTATION ON SEAWATER DESALINATION AND H-OTEC

Annex VI - Seawater Desalination for the
basis of Hybrid-OTEC

The 1" an the site training on OTEC and DSW applications
3 December 2019, IOES Imari, Japan

Takeshi Yasunaga
Institute of Ocean Energy, Saga University, Japan

*CONFIDENTIAL®* RELATED PARTIES ONLY Q gi . i

SAGA UNIVERSITY

Contents

1. Seawater desalination process

2. Low temperature thermal desalination
3. Hybrid-OTEC

4. Thermal property calculation
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Why seawater desalination ?

Lakes & rivers 0.3%

Oceans 97.5%

- 75% of Earth’'s surface is covered by water
- Fresh water is only 2.5%
- 70% of the fresh water is the Frozen water (ice)

Only less than 1% is available drinkable water 3

Why seawater desalination ?

r :§¢

v

W v | e A sy
B = N 1%
I '\'I P Lo Th AN

Based upon the UN Medium Population Projectiond of 1958,

2.8 billion people in 48 countries will foce water stress,
or scarcity conditions by 2025,

&0 ato i Wett Asla, North Alvics of suls-Sahacan Alrica

Chwer the niext two decades, population inoeasss and growing demands are progected to push all the West
Asisn colanbifed inlo wales arcity conditond

By 20050, thee prumbser of coundries facing water sress of scarcity coulkd rive 1o 54
1t reprients a combined population of 4 billion people - aboat 40% of the projected global popul ation
{Gardrer-Outles and Ergleman, 1997: INFPA, 1997), 4
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Who consume the water ?

Domestic,
8% Energy

Suply, 14
p Y |H%U51W*. *exclude energy sector

sl

Agriculture,
70%

Global use of fresh water

Reference: Coates D, et al., Water demand: What drives consumplion 7 Managing water under unceértainty and risk = The
Unitad Naticns World Watar Development Report 4. Pans: UNESCO (United Mations Educational, Scientific and Cultural ]
Organization; 2012, p.44-48

Type of seawater desalination process

. Multi-stage flash (MSF) 1. Reverse Osmosis (RO)
. Multiple effect distillation (MED) 2. Electrodialysis (ED)

. Vapor Compression (VC)

. Membrane distillation (MD})

. Freezing

. Humidification/dehumidification (H/D)

. Solar distillers (SD)

. Low Temperature Thermal Distillation (LTTD)

0|~ 4t B W M =
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Desalination Process

Mulri Effect IHsaillatios

=1l

Ci elal | Manastrueiuned matanals forwatie desalination, Nanstschnalogy, DO 10 10800057 4380200000001

Low Temperature Thermal Distillation

Flash ?ﬁljﬁ : 'fa::r ﬁimdenser

< .
Flash Evaporation

N == Vacuum P

Surface Warm
Sea Water

Fresh Water Tank
Cold Sea Water
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Thermal energy in low temperature heat

T: 1] Ideg CI
s Tl e

| Ta

b _ Equilibrium state
1 (Dead state)

(2 To=rTy + (1 24)T,)

- Y A S . .

1400 i

1600 2 Chis “E
Or = _[j:“' {m{'p)HdT i -{r:u(""‘“”}:.d?' Cy: Heat Capacity of High Temp. [kW /K]

Cp: Heat Capacity of Low Temp. [kW /K]
= Cu(Ty —To) + Cu (T — T}

=Cus{(l — 2r)Ty +rTy — (1 — 1T}
=20s(Ty —T)r(1—7)

Cys: Total HEat Capacity (CH + CLY[kW /K]
r = Cy/Cys * Ratio of Available Heat Capacity
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Concept of “Hybrid cycle”

Features of Hybrid

cycle-OTEC(H-OTEC)

®No bio-fouling

Surface

seawater

(Hybrid cycle-OTEC) @®No Cleaning chemicals

Surface - e
Vaporization OTEC
seawaler

a5

@®Desalination of seawater
\_ Y,

@®Low grade steel as HE

System flow of hybrid cycle

Flash chamber
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ANNEX

Relational expressions (desalination)

Heat transfer rate of flash chamber

Qr = (mﬂp)w‘g(Tws; = TWSC') m: Mass flow rate
I Temperature

Water production amount

my = Qg/L L: Latent heat of vaporization et e

DME

TE
Flashed vapor temperature i ATy

BFR

T,r = Twso — NETD — BPR
NETD: Mon-Equilibrium Temperature Difference
BPR : Boiling Point Rise i [5
Mg

Desalinated water temperature = DEsated
Td — TI- — DMS — j‘:‘.TP Warm seawater water tank
DMS: Loss of Demister

ATp: Temperature change from Pressure loss

Relational expressions (power generation)

Heat balance equations
T
Evaporator Condenser 4

Qg = Mys(hs —hy)  @Qc =mys (hg—h3)  Trstfmr

@0 = UAAT, ®)Q, = UA(ATm), ' \’d 5
]

II‘\‘I:}
®QE = mwf(h-l - h"‘r) @QC = mc.\'cp(Tc.';a Tcu) . 1=t
L. Qverall heat transfer coefficient Tz _______ §§ 1
Net transfer unit

(meplws (meples

Turbine power
Wy =my,;(hy = hy)
Pumping power »
W, = My (hy — h3) d
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The evaluate equations

Evaluation of system performance

Thermal efficiency Reversible heat Infinite heat transfer
= (We=W, ) engine on OTEC performance of heat
nf“ ( T P}’I’QE Dxchanecr

Working efficiency

nw = (Wr—Wp)/ Wy,
Theoretical maximum power output T

(mepws(meples 5
W, = £ £ _ («u‘ Tws — N TESI)z

(meplws+(meples

Evaluation of desalination
Recovery ratio
My M5
Specific power consumption
Wyp/my

Thermal property calculation Programs

Now days, there are many kinds of thermal property calculation
software. In chemical engineering field, a lots of paid software to
calculate the process and process optimization.

In IOES, we mainly use the following software, and for analysis the
data, we use Fortran, Matlab and/or Excel with linking the thermal
property software.

- NIST REFPROP (latest version 10.0) (Paid software)

National Institute of Standards and Technology, US Department of Commence
Many variety of fluids

- PROPATH (latest version 13.0) (Free for University)
A Program Pakege for Thermophysical properties of fluids developed propath group
based on Japaneses Universities and Institutions.

18
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Thermal property calculation with Propath
for Ammonia/water single or mixture (1 of 2)

— === y=1 (pure NH;), Y=0 (pure H,0)
| T: Temperature [°C]
Mee || P: Absolute Pressure [MPaA]
L ’ ’ h: Specific enthalpy [kJ/kg]
Cc] DR D] Gaad] [ita)  (uifak] 'r-._fu‘: i »
WM Lsbaits Labei® Laeid] Libalts Lsbei® Labaidd o s: Specific entropy [kg/kgK]
e  Labsldl Laba 43 Labal&3 Lakes |44 Lk |45 L |45
BSEM Labsld?  Labsldd  Labaldd  Labe|S  LabelS]  LabelS2 - H
I3 LabelS4 <I55  Label56 LabelS7  LabelSd x W r li -
T AR [Ee (Bl [ apor quality [-]
BEEH Labe 5 Lubet | £ Laba 1ET Lasbest | £ Lushsee | £ L | T

141 : Calculated present value
% {& {8 : Liquid phase value (in case the present value is tow phase)
&% : Vapor phase value (in case the present value is tow phase)

17
Thermal property calculation with Propath
for Ammonia/water single or mixture (2 of 2)
— === Y=1 (pure NH,), Y=0 (pure H,0)
: T: Temperature [°C]
e P: Absolute Pressure [MPaA]
L ’ ) ) ’ , . h: Specific enthalpy [kJ/kg]
wag a0 e vilkn ko diln i diEn | s: Specific entropy [ka/kgK]
e  Labsldl Laba 43 Labal&3 Lakes |44 Lk |45 L |45
PEE S B | cveorquay D
BEEH Labe 5 Lubet | £ Laba 1ET Lasbest | £ Lushsee | £ L | T
;# =R E - Boiling point state based on input pressure
#% FURE : Dew point state based on input pressure
53 s [E 1 : Boiling point state based on input temperature
%= /[ 1 : Dew point state based on input temperature 18
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How to use Propath for Ammonia/water single or mixture ?

(3) Push “& 5" bottun
to calculate

(1) Select \|BA s (2) Input
i i the

the 1II"|PUl 2 :l'm"..’.:.',-' - s, T selected

o o R AR values

it ) fe o ety et o sl s e e sl v e |

[T] [Ws] Degtx]  (ewmd]  [oia] Dbl Do

WEEAl  O0I3OESET 0TIILAGET 00ZA.4567 01IECERET 0123.ELET 01I3EET 003,
SNEE LebeldS  Labwl36 a7 Lsbel®  Lebal3:  Labeldd
WAL Labeld]  Lobeld?  Labeldd Labeldl  Laball  Labeldf
ASAN Labe T Labee|#  Lobeld Labeill  Labwl3]  Labeldd
RN Label5d  LabelS4  Label55 LsbelSd  LsbeiST LabelSE
ARET) LabalDd  Labelf  Labelf]  Labeffi Labelfl  Labelfd
RAEES LabalfS  Lobelfd’ Labeld] Labelid Labeif®  Lsbei?

o . e . T 2

- -

f————

(4) The calculation result will
be shown 18

Questions ?

Takeshi Yasunaga, Dr. Eng.
Assistant Professor ﬁ IOES
Institute of Ocean Energy, Saga University (IOES) s

Contact: yasunaga(@ioes.saga-u.ac.jp SAGA UNIVERSITY
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ANNEX

ANNEX VII PRESENTATION ON HEAT TRANSFER
AND HEAT EXCHANGER FOR OTEC
3I0ES

Development of Advanced Hybrid Ocean
thermal Energy Conversion (OTEC)
Technology for Low carbon Society and
Sustainable Energy System

©UT™

Annex VII — Design of the Plate—type Heat
Exchanger

Institute of Ocean Energy, Saga University
Prof. Dr. Tsutomu Nakaoka

1. Heat Exchanger(Evaporator)
— 75»2aX
ARE {48)
Flash Type — Fl-FX X
Heat Exchanger Plate Type . (19) (200 (22) (23) (34) (54) (63) (68)
Heat Exchanger T=-LRERE
— HERAARE
. (171 (46)
_ RFRER
Evaporator ! . {27)(28) (52 (53)
BRE | REIXARE —|— ZHAAX T RERARARE —— RTARRE
Surface bleeder (2 NPUFFa-7K )
Heat Exchanger Shell and Tubs 24)
Heat Exchanger — ATEARRE —— BURDE
(59 i
— diEEnE — =74 K BWMRDRE
mRa Plate Fin
Mixed Bleeder Heat Exchanger — RAENARS BRTFaRBR
Heat Exchanger
ERapk
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2. Heat Exchanger (Evaporator)
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- ——— B4=s Y ul
! e g
L - ! s
SRS
My t, C Vi T TR 4
- i, Ty, 1, My C
G [yt S e o =
R i i -
S AR e b e

AV

3. Experimental data (Plate-Type Evaporator)
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Carrelation of boiling heat transler coellicient
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ANNEX
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4. Heat Exchanger (Condenser) [—nw=s=us

—— S T ——

Condenser

"—— SR —

# —— AR ERRE
S SO
XF RE =

= FL— N Ems
i58)
—— T — 7 o X BERR

——— LT PR e AT X AR N

Water outlet

Wealded plates

Vapor
imlot

L oicguid
outlet

Water iniet

5. Experimental data (Plate-Type Condenser)
10‘ ¥ T T L LN | =
b o R2=2 & NH3 .
. Tcwi (*°C) 8.1 - 211 7.4 -10.8 3
Ty; (*C)13.1 - 283 11.2 -14.8 ]
s E
-u? i ) ] |
fie
==" : .
10° & _
. & 4
— Fa .1
i e -"b i | i s a i
?6“ S 16‘-'7 2
GeriPre / H
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6. Double Fluted Tube—Type Heat Exchanger

Teaat I FrATA—Fq F & L
. mam

“L_=1" Horizontal Tube Evaporator
e and Condenser

o 5 ot (Johns Hopkins University)
Mo amosTanman.

%710ES SATREPS ©®UTM
7. Design of the Plate—type Heat Exchanger

Twro Twsi
- )

Warm sea water

AL

Qwr Ow Ows

Tws

T y
Twiw I’“/‘t

Twr

TwrFi

Twiso

fs) il
Working fluid

Fig.1 Calculate model
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3710ES ©®UT™

8. Flow chart of
caluculation

Fig.2 Flow chart of calculation

2710ES SATREPS .m
9.1 Heat transfer rate
The heat transfer rate in the
evaporator is calculated from fol lowing
equation.
The heat transfer rate Q; of the warm
sea water side in the evaporator is
calculated from following equation.

Qr = mys Cpys (Tysy - Tyso) (1)

Where,

WW : Flow rate of warm sea water
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2710ES SATREPS ©®UTM

Cpys - opecific heat at pressure constant
Tws; - Temperature of inlet warm sea water
Tyso - Temperature of outlet warm sea water

The heat transfer rate Q4 from warm sea

water to wall 1s calculated from following
equation.

Qus = hys Ae (Tygn = Tysw) (2)

%710ES SATREPS ©®UTM

Heat transfer coefficient of

warm sea water side

Ac : Heat transfer area of plate

Twsn - Mean Temperature of warm sea
water

Tysy - Wall Temperature of warm sea

water side

The heat transfer rate Qy in the wall is
calculated from following equation.
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X7I0ES SATREPS ©UTM
QW = (A/S)AE (TWSW & Twpw) (3)
Where,

A : Heat conductivity of plate
O : Thickness of plate
Twsy © Wall Temperature of warm sea

water side
Twew © Wall Temperature of working
fluid side
_—_———
2710ES ©O©UT™

The heat transfer rate Q, from wall to
working fluid is calculated from following
equation.

O = e Ae (Tyey = Tyen) 4)

Where,

hy : Heat transfer coefficient of
working fluid side

Ac © Heat transfer area of plate

Tyew © Wall Temperature of working
fluid side
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2710ES SATREPS ©®UTM
Tyen - Mean Temperature of working
fluid

9.2 Heat transfer coefficient of the warm
sea water
Uehara et. al. (1986) proposed an
empirical equation of the heat transfer
coefficient of the warm sea water.
The heat transfer coefficient of the

warm sea water h,, in Eq. (2) is
calculated from the fol lowing equation.

—

2710ES SATREPS ©®UTM

Nuys = 0.058Re,s8Prys!/3 (5)
Where,

NUWS (hWS DquS) / A WS (6)

Rews _(VWS Deqws )/ 1% WS (7)

Pris = (Cpys Mws)/ A ws (8)

9.3 Heat transfer coefficient of the working fluid
Kushibe et. al.(2006) proposed an empirical
equation of the heat transfer coefficient of the
working fluid.

I
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2710ES SATREPS ®UTM

The heat transfer coefficient of the
working fluid h, in Eg. (4) is calculated
from the following equation.

hLV/hWF = 1.5 (1/Xtt) 0.85 (9)
Where,
hy =G (A /Deq){Gwr (1- X o)
Deq/ u [ }0-8 Pr 13 (10)
Xe={(1=Xo) Xo’®(0y/0)"
(il esg)™ (11)
%710ES SATREPS ®UTM
Where,

C is constant coefficient
(C=0. 058)

9.4 Overall heat transfer coefficient of the
warm sea water
[T the heat transfer rate in equation
(1), (2), 3), (4), the heat transfer
coefficient of warm sea water side and
the heat transfer in working fluid side
s found,
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2710ES OUIM

Overal | heat transfer coefficient U in the
evaporator can be calculated from following
equation.

1/U = (1/hyys *A/8+ 1/hye) (12)

3710ES SATREPS ©®UTM

Overal | heat transfer coefficient Ug in the
evaporator can be calculated from following
equation.

Ue = Qg / (Ag AT,p) (13)

Where,
Qg : Heat flow rate
Ac : Heat transfer area
AT, . : Logarithmic mean
temperature difference
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2710ES SATREPS ®UTM

Logarithmic Mean Temperature Difference AT, .

ﬁTmE = (Twsz - TWFD) N (Twso N TWFI)
/(ln (TWSI - TWFO) /(TWSO - TWFI) ) (14)

Where,

Tws @ Inlet temperature of sea water
Twso : Outlet temperature of sea water
Twe : Inlet temperature of working fluid
Tweo: Outlet temperature of working fluid
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2.1 Overall Heat Transfer Coefficient
Heat Conduction } Overall Heat Transfer

Heat Convection Coefficient

Hight temperature gas —  Surface wall [ - Heat Convection
de1 = @ (T,—Ty) (2.1)
Surface wall I —  Surface wall 11 : Heat Conduction
9i1-n1 — ‘7‘( Tl) (2.2)

T 1

—_ T:-

| (o ‘ %
T4 2 A | 218
Gas 2-: _‘_..j Water

N

(o Sl ey i
%
e
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Surface wall |l— Matter of Low temperature : Heat Convection

Q. = (T, -T)) (2.3)
At Steady
Qe =t = Q-1 =4 (2.4)

‘108
Rewrite
g -1
T,~T;= gﬂg (2.5)
9 u
T, -T,=—"L (2.6)
_qn-1
1 L 1
T,-Ti=q(— + = + =) (2.8)
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%710ES ©®UT™
e = (2.9)
Local thermal Resistance R ;
1 L 1
R—a—+ I+;I (2.10)
q= % =KAT (2.11)
AT = Tg — T] (2.12)
1
K= = (2.13)
K : Overall Heat Transfer Coefficient
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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)

SuU 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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