
Island Energy – Status and
Perspectives

The Advanced Technology and Future
Prospect of OTEC for Island

‐towards to Stable Energy and Sustainable Development‐

Institute of Ocean Energy, Saga University(IOES), JAPAN

Yasuyuki Ikegami
ikegami ◎ cc.saga-u.ac.jp

October 6, 2015
Institute of Applied Energy (IAE)

Tokyo, Japan,
5-6 October 2015

IEA Committee on Energy Research and Technology
EXPERTS’ GROUP ON R&D PRIORITY-SETTING AND EVALUATION



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.



Okinawa DSW Research Institute
（Maja District, Kumejima）

Okinawa Prefecture OTEC Demonstration Facility
（Inside the Okinawa DSWRI）

Photo Credit：Okinawa Prefecture

Overview of Okinawaʼs OTEC Demonstration Facility
1 Appearance
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・The first of only two currently 
operational plants using actual 
seawater in the world.
・Won First Place from the 

DSW Utilization Society



OTEC Demonstration Facility in Kumejima (Okinawa)

Project Scheme

Okinawa Pref.

J/V 
(IHI Plant Construction, Xenesys, Yokogawa Electric)

Saga Univ.
Contract Cooperation

Cooperation

PROJECT OWNER ADVISER

FY2012 (-March 2012): Construction of Demonstration Facility

Schedule

FY2013-16 (April 2013 -March 2017): Continuous Operation and Experiment



Kumejima (Kume Island)
Area ： 63.50 km2

Population: approx. 
8500
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P l a c e :  K u m e j i m a



Okinawa Prefectural DSW 
Research Center

Business Park Using DSW
- Young Prawn Culture

-Seaweed Culture
- Cosmetics Factory

DSW Pump-up Capacity: 13,000 ton/day, the Largest Capacity in Japan. 

Okinawa Prefectural Deep Sea Water Research Center and Business Park



Overview of Deep Seawater Utilization on Kumejima
Renewable Local Resources: Industrial Development Taking Advantage of 

Deep Seawater.
Deep Seawater 
Use Companies

Deep Seawater（612m depth）
Intake Capacity：13,000m3/day

Surface Seawater Intake Capacity： 13,000m3/day

Okinawa Deep Seawater 
Research Institute

(2000〜)
Aquaculture and Agriculture 

Research Facilities 

Aquaculture Research

Cooled Soil 
Agriculture Research

Technology Transfer

・ 18 deep seawater related companies with annual production of 2 billion yen. With nearly 
300 employees, it has become a major industry for Kumejima.

・ Industries that use the largest water volume (Sea Grapes and the Kuruma Prawn Hatchery) 
both use the cold deep seawater in place of energy.

Sea Grapes 
(#1 Share in Japan)

Kuruma Prawn
(#1 Share in Japan)

Exterior Supply Pipeline



Kumejimaʼs Main 
Industry

2 billion yen in sales of deep 
seawater-related companies 
each year. Employment of 
about 300 people in 
Kumejima Town (140 new 
jobs from intake start). 
Seawater utilization 
industries have become the 
major industry on the island. 
(Kumejima Town has the 
largest market share in 
Japan for sea grapes and 
kuruma prawn).

Source: “Advanced Deep Seawater Use Feasibility Study” Report March 2011 Kumejima Town 

Deep Seawater Use as a Regional Resource…
Excellent Industrial Promotion Effect
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Current State of Industrial Development Due to Deep Seawater Use on 
Kumejima

Prawn Hatchery Production：
Use of deep seawater cold and cleanliness.

Sea Grape：
Use of deep seawater cold and eutrophication
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Kumejima Electricity
Population: approx. 8.500
Power Plant: Kumejima Power Plant

Capacity 18,500kW
Diesel Engine Generator (HFO)

2.5km for 600m depth
5km for 800m depth

久⽶島

K u m e j i m a a s  O T E C  S i t e



コンセプト

Deep Seawater
(Renewable
Local Resource)

Intake 
Pump OTEC

Deep Seawater
(Renewable Local
Resource)
Commercial
Power

Freshwater

Intake 
Pump

Deep Water 
Use 

Companies
Products

Deep Seawater Use until Now

Recycling/Self-sufficient Advanced Deep Water Use (example)

Seawater 
Desalination

Deep Water 
Use 

Companies

Green Energy

Freshwater
So far deep seawater advanced use 
must rely on outside utilities such as 
water and power. In this model, 
these are produced from the local 
resource deep seawater which allows 
for more advanced, self-contained 
system and recirculation.

Aim of the “Kumejima Model”
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Products
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出典：
日本技術貿易
株式会社

BIG Second Boom
of OTEC seen from 
the point of view of
Patent!

First Boom

Second Boom
Patent on OTEC in the World



Reference: Presentation at International OTEC Symposium 2013USA

BALTIMORE, April 16, 2013 – Lockheed Martin 
[NYSE: LMT] has announced that it is working 
with Reignwood Group to develop an Ocean 
Thermal Energy Conversion (OTEC)pilot power 
plant off the coast of southern China. A 
memorandum of agreement between the two 
companies was signed in Beijing on Saturday. 

Prototype Plant to be First Project in the Multi‐Billion Dollar Clean 
Energy Agreement

Following the ceremony, both companies met with United States Secretary of State John 
Kerry during his first official state visit to the People’s Republic of China.
The 10‐megawatt offshore plant, to be designed by Lockheed Martin, will be the largest 
OTEC project developed to date, supplying 100 percent of the power needed for a green 
resort to be built by Reignwood Group.

Quoted From: http://www.lockheedmartin.com/us/news/press‐releases/2013/april/lockheed‐martin‐and‐reignwood‐group‐to‐develop‐
ocean‐thermal‐ene.html



Lockheed Martin Proprietary

Getting a Feel for an OTEC Plant

4m diameter x 1000m long 
Cold Water Pipe

55m x 55m platform hull

9m diameter x 80m long 
power modules (Remoras)

10MW Pilot Plant

SYSTEM PARAMETERS

Cold Water Intake Velocity(m/s) 2.6  
Cold Water Pipe Flow (gallon / sec)4,200
Warm Water Intake Depth (m) 20
Warm Water Intake Velocity(m/s) .15 
Water Discharge Depth(m) 50 
Warm Water Flow (gallon / sec) 6,100
Heat Exchangers (qty - m x m x m) 16 – 2.5 x 2.5 x 10
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1 gal ~ 3.8 liters
1m3 ~264 gal

From 
WEB



↑Large evaporator/condenser 
experimental facility was building 
2011 at NELHA in Hawaii.  (source: 
company website)

4m intake pipe model
Picture： Company Development Report

Reference: Presentation at International OTEC Symposium 2013USA



USAで始まる本格的なOTECプラントの運転 ８月２１日

http://www.makai.com/ocean‐thermal‐energy‐conversion/



2.Freance １０MW Floating  and５MW Onland OTEC 
Activity  in the World







Wｈｙ now is OTEC
for Island in the world?

Yauyuki Ikegami,IOES,JAPAN



Characteristics of OTEC

 Clean & Renewable Energy
OTEC uses only seawater as energy resource.

 Inexhaustible Energy
1014 kWh/year is available only in Japanese territory. It’s 
applicable in 98 countries in the world.

 Stable Energy
It’s possible to generate stably day and night though the 
year. 

 Zero Emission
No CO2 & other Green house gas, SOx, NOx and any 
wastes.



Deep Ocean Water(DOW)

Surface Water

Hydrogen

Lithium

DOW Ice

Foods

Mineral Water

Cool Green
House Plant

Local Area
Chilling System

Aquaculture

Potable Water

Power Supply

Surface W.

Desalination

Deep Ocean Water
（DOW）

Electricity

Fresh Water Reuse of DOW

Ocean Thermal Energy Conversion (OTEC)

By Products of Hybrid OTEC Plant for Island 



21st 
Century

21st 
Century

Five Issues in 21st Century for IslandFive Issues in 21st Century for Island

Population 
Issue
Population 
Issue

Energy IssueEnergy Issue

Environment IssueEnvironment Issue

Food IssueFood Issue
Water IssueWater Issue



By Products of OTEC for Island 



By Products of OTEC
- 1 –

Drinking Water



Hybrid OTEC Plant

OTEC 

Desalination

・Example of Combined  Cycle with Desalination Plant.

Reuse Warm 
Seawater 

Reuse Cold 
Seawater 



Flush Evaporation



Lakshadweep Islands

Plant Location

-850
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-50
0

Location of the 
plant
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NIOT Project in 
India



29

NIOT Project in 
India



100t/d Desalination Plant by NIOT,India
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NIOT Project in 
India



1,000t/d Desalination Plant
using Ocean Thermal Energy（NIOT）
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NIOT Project in 
India



1,000t/d Desalination Plant
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NIOT Project in 
India



By Products of OTEC
- 2 –

Recover & Amplify
Fishery Resources



CRISIS & DEPLETION of
FISHERY RESOURCES

Tuna Fish
in East Atlantic Ocean



Fish Resources in EEZ of Japan 



Aquaculture
Using DOW

‘TAKUMI’ Project
拓海

Recycling Mineral Rich 
Deep Ocean Water

(by Prof. Ouchi)

RECOVERY of FISHERY RESOURCES



Marine Forum 21 Project



海洋肥沃化装置「拓海」の設計・製作・設置・運用について

㈱大内海洋コンサルタント大内一之

海洋肥沃化装置「拓海」の開発と実海域実験

㈱大内海洋コンサルタ
ント

大内 一之

TAKUMI in Final Docking Before Delivery 
in IHI Yokohama Shipyard, May 2003



TAKUMI on Operation at Sagami Bay

(by Prof. Ouchi, The University of Tokyo )



Fukushima Offshore Wind Consortiu



By Products of OTEC
- 3 –

Recover the Rare Material
from Ocean



Application Fields of Lithium

Electric vehicle 
without emission 

Energy6Li

4He

T

n

Next energy fuel for 
nuclear fusion

Light alloy mixed with 
Al for aircraft

Rechargeable battery of 
mobile IT devices

By Prof. Kazuharu
Y hi k



Benchmark Plant of Lithium Recovery from 
Seawater in IOES

Seawater

Desalination plant

Evaporation 
Crystallizer

Precipitated Solid 
Containing Lithium

Pre filter

P

HCl
solution

Adsorption columns for 
Li recovery with -MnO2

P

LiCl solution eluted by HCl
Performance of Equipment

Adsorbent weight: 60 kg 

Adsorbent volume: 0.6 m3 

Eluting aq. soln.： 0.8 M HCl

Flow rate of seawater supply： 200 L/h



Benchmark Plant of Lithium Recovery from 
Seawater in IOES,Saga University

Performance of Equipment

Adsorbent weight: 60kg x 2 columns

Adsorbent volume: 0.6m3 x 2 columns

Eluting aq. soln.： 1-0.2M HCl

Flow rate of seawater supply： 200L/h



Evaporated Salt Obtained from 150 Days Operation

Dried 
precipitate
791g



Temperature Difference between Surface and Deep Water (1000m)

Drawn using Data from World Ocean Atlas 2009（WOA2009)

Asia and Pacif ic Ocean is best potential
for OTEC

Hawaii and Okinawa are located in the north-most of favorable area for OTEC (temperature 
difference > 20oC). OTEC power plants in Hawaii and Okinawa can be “Model Case” for tropical 

and subtropical islands.



Present: OTEC Resources

• Technical resource, expressed as electrical energy 
generated with OTEC plant, can be estimated from the 
Theoretical thermal resource: T between surface 
waters and water from 1000 m depth; 

• 98 Nations with adequate OTEC resource within their 
EEZ (200 nautical miles);

• Annual production (GWh) with 100 MW OTEC plants 
located in the OTEC-Region estimated (Nihous, 
University of Hawai’i) 
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from Dr. Luis Vega



Technical Resource: 100 MW OTEC Plant Annual Electricity Generation 
(GWh)

Baseline:  877 GWh/year  @ T = 20 C

Color palette
15°C to 25°C

Theoretical Resource: World Ocean Atlas Annual Average T  (T20m – T1000m)

Ocean Thermal (OTEC) Resource

48



OTEC Potential and Activity 
in the Asia Pacific for Island



Copyright 2010 ITRI 工業技術研究院

Potential Ocean Thermal Energy in Taiwan

Can be used as Based Load
52GWe net power within 30 km of 
Taiwan east coast (Taipower, 1992)

圖示說明

海洋溫差能

波浪能

海流能

潮汐能



Final Goals and Approaching Steps

100W & 20kW 
OTEC Experiments

200kW HdT & 1MW
LdT OTEC Pilot Plant

10MW OTEC
Practical Plant

100MW OTEC 
Commercial Plant

• Educational demonstration of OTEC mock-up in 2011
• Public demonstration of small OTEC pilot plant in 2013

• Deign and fabrication of small practical OTEC plant  
• Installation and operation for domestic(HdT) and 
tropical(LdT) implementation of Blue Infrastructure

• Practical OTEC plant for multi-staged use
•ODA project and deep sea mining assistance   

•Prototype 100MW OTEC plant
for commercialization

Design, manufacture, installation and operation of
100MW commercial OTEC plants in tropical waters

Final 
Goals

2020~     

2018~2020

2014~2017

2010~2013

KOREA Reference: Presentation by KIOST at International OTEC Symposium 2013



Water depth (m)

OTEC : 2016~2020

VLFS : 2021~2025

2
1 3

Korea project from 
IEA-OES





DEWAN  ENERGI  NASIONAL
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Theoretical
(GW)

Technical
(GW)

Practical
(GW)

Tidal current 160.0 22.5 4.8
Ocean wave 510.0 2.0 1.2
Ocean thermal 57.0 52.0 * 43.0 *
Total 727.0 76.5   49.0

*depending on the technological maturity and market development, including 
availability of successful project in gird connection.

INOCEAN (2011) has ratified national-wide 
ocean energy potentials based on previously 
conducted exploration/surveys

By Prof. Mukhtasor, Ph.D. National Energy Council of Indonesia 





www.utm.my  innovative ● entrepreneurial ● global 56

OTEC  POTENTIAL: 
SUBREGIONAL COOPERATION IN OCEAN THERMAL ENERGY DEVELOPMENT: 

BRUNEI DS‐MALAYSIA‐PHILIPPINES

PHILIPPINES

Presented by:
Dato’ Ir Dr A Bakar Jaafar



MP for Palau 
OTEC Project

Potential Size of OTEC plant
Melkeok 3MW x2+4MW x1=10MW

Airai 3MW x2+4MW x1=10MW
Ngarchelong 2MW x 1  = 2MW

Ngaraard 2MW x 1  = 2MW
Ngiwal 2MW x 1  = 2MW
Peleliu 2MW x 1  = 2MW
Angaur 2MW x 1  = 2MW
Total 30MW

Location and Size of 
Potential OTEC Site in Palau



Institute of Ocean Energy,
Saga University (IOES)

New Hybrid OTEC Experimental Plant 

Completion in 2003



OTEC

Desalination

Lithium Recovery Hydrogen ProductionOcean Water Simulation



Turbine for OTEC using Ammonia/Water 
Mixtures as Working Fluid(30kW)



Monitoring View
Monitoring View



Efficiency of Net Power (=WNET/WG)
using New Evaporator

Warm water mass flow rate mWS [kg/s]

W
ne

t /
 W

T

  mCS = 111 kg/s
  TCSI =  8 oC

  T = 20 oC
  T = 21 oC
  T = 22 oC
  T = 23 oC

PHE-1

 T = 21 oC
PHE-2

50 100 150 200 250-1.5

-1

-0.5

0

0.5

1
Efficiency of Net Power 

= about 70%

New Type

Previous 
Type



Hydrogen EnergyHydrogen Energy

Left ; Hydrogen Generator(PEM 
Type)  : 1.0 Nm3/h, 20 N l/min
Right;Hydrogen Storage Tank 
(Metal Hydride Type)

: 10 Nm3/h,1Nm3/h

Fuel Cell(PEM Type) 
: Output = 900 W 



Simulator for Discharge SeawaterSimulator for Discharge Seawater



OTEC Commercialization, Expansion of Scale for Cost Reduction
OTEC Power Generation Cost Outlook

（Estimated Values by the OEA-J marine Energy Resource Use Promotion Organization）
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Graph Source: NEDO “Renewable Energy 
Technology White Paper,” July 2010

Targets deployment in islands and remote 
areas as Advanced Deep Seawater Use Plant

Power plant for islands: deployment as alternative to 
the current high-cost petroleum diesel generators

Deployment as commercial power plant intended for areas with large-
scale demand. Deployment as a floating energy production base.

Next Stage：
1MW/group

Since the economics of power 
generation only are tough, 
Advanced Use of Deep 
Seawater is key. Final Commercial Scale 

Goal：100MW/group
US, France, South Korea, 
etc. aim for 100MW 
commercial plant through 
10MW demonstration 
plant (Attachment).

Large cost reductions in 
OTEC technologies due to 
economies of scale is sought 
after by not only Japan, but 
the US, France, South Korea, 
etc.

Currently: 
100kW is being 
demonstrated



Power Demands in Okinawa
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REFERENCE：NEDO「海洋エネ
ルギーポテンシャルの把握に係る
業務」（ 平成23年3⽉）における
温度差分布図（5年間平均値）に
追記

Okinawa Mainland
Population：approx.1.25mil.

Total Capacity of Existing 
Power Plant：1733MW

Kumejima
Population：approx.9thou.
Total Capacity of Existing 
Power Plant：19.2MW

Miyakojima
Population：approx.50thou.
Total Capacity of Existing 
Power Plant：76.5MW

Ishigakijima
Population：

approx.45thou.
Total Capacity of Existing 
Power Plant：69MW

Chichijima
Population：approx.2 thou.
Total Capacity of Existing 

Power Plant：4.3MW

Minamitorishima
（Out of this map: 

24o17ʼN 153o59E）

Kuroshio Current Area

Okinotorishima
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Nat iona l  P ro jec t  on  OTEC  
b y  N E D O ( N e w  E n e r g y  a n d  I n d u s t r i a l  

Te c h n o l o g y  D e v e l o p m e n t  O r g a n i z a t i o n )

B y  A k i o  O K A M O T O
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“Cavity” made in rolling process       increases 
heat transfer 

Normal surface

Special surface treated sheet
Grade : 1

Thickness : 0.4~0.6mm

Special surface treated sheet
Grade : 1

Thickness : 0.4~0.6mm

Special surface
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Nippon Kaiji Kyokai (known as ClassNK) has issued its first 
Approval‐in‐Principle (AIP) for Totally Submerged OTEC floating 

power plant model of JMU(Japan Marine United Corp.)  

On September 2nd ,2013



21st 
Century

21st 
Century

Five Issues in 21st Century for IslandFive Issues in 21st Century for Island

Population 
Issue
Population 
Issue

Energy IssueEnergy Issue

Environment IssueEnvironment Issue

Food IssueFood Issue
Water IssueWater Issue



Implementing Agreement
on Ocean Energy Systems



OES Vision

VISION
“As the authoritative international voice on ocean energy 
we collaborate internationally to accelerate the 
viability, uptake and acceptance of ocean energy 
systems in an environmentally acceptable manner.”
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Intergovernmental collaboration between 
countries

Operating under a framework established 
by the International Energy Agency (IEA) 
in Paris. 



Sources of Ocean Energy
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OES covers all forms of ocean energy, including submarine 
geothermal, but NOT offshore wind  ‐ seawater must be the 
motive power

Products can include: electricity, heat, cooling, water 
(drinking and pressurized), biofuels, chemicals

Ocean energy is a nascent but truly international industry

Tidal Rise &
Fall

Tidal/ocean
Currents Waves Salinity 

Gradient
Thermal 
Gradient
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Outreach in Membership

OES was founded by three countries in 
2001 and has grown to its present 23 
country governments. 
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International Vision for Ocean Energy

Facts and figures as well as 
scenarios to 2050
All forms of ocean energy in 
proportion to their present 
status
Updated costs figures
People, water and energy nexus
Simple, contestable scenarios 
for market growth
MARKAL modelling with IEA 
Modelling Group in Paris

By 2050 ocean energy will have 337 GW of installed capacity

By 2050 ocean energy will have created 1.2 million direct jobs 
and saved nearly 1 billion tonnes of CO2 emissions



Energy for Island

Blue Revolution from IEA



Thank you

Arigato （感謝）


