IRENA Webinar Accelerating the Development of OTEC in Small Island Developing States

Applications and Benefits of OTEC

The Kumejima Model:
a Catalyst for Sustainable Island Development
using OTEC

Yasuyuki Ikegami
Institute of Ocean Energy Saga University




Japan DOW Intake Pipes

With 15 Deep Ocean Water (DOW) intake sites, Japan has the largest
number in the world. Kumejima in southern Japan, has the largest intake

capacity in Japan
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The Kumejima Model
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Kumejima’s concept is use of DOW resources for energy (via ocean thermal
energy conversion), food (aquaculture and agriculture), and water
(desalination).




From Concept to Reality

Kumejima Model
1MW Onshore OTEC + DOW Industries
enabled by 10x current intake pipeline
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Demonstration Catalyzing
Development

-I l More than 11,000 \visitors

)« B including press, government,
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DOW around the World

The first intake was established at the Natural Energy Laboratory of Hawaii
Authority (NELHA) in Hawaii, USA in 1980 for development of OTEC. Since
then, intakes have been established around the world, but for a variety of
purposes including desalination, industry development, and energy research.

DOW Intakes have become an important INFRASTRUCTURE enabling access to a
critical resource for island and costal communities, operated as a UTILITY.

South Korea

L French Polynesia

Basemap Source: https://commons.wikimedia.org/wiki/File:World location map (W3 Western Pacific).svg,



https://commons.wikimedia.org/wiki/File:World_location_map_(W3_Western_Pacific).svg

Resilient Economic Development

eClean/Renewable

eStable/High .
Availability Energy Security
ePossible H2

Economy Integration

eFeed power/water
for Existing SWRO

*Replace SWRO w/
distillation

Desalination

R Water Security

— Energy Saving

eCentral Cooling
(Air-conditioning)

Sea Grages Energy Conver G

*Fishery Processing FOOd and Economic
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Security

eNew Businesses

*CO2 reduction

e*Endemic Species
Nursery

eOcean Monitoring
eEtc.

DOW intake infrastructure, installed as a utility can provide economic
development, climate and disaster resilient food, water, and jobs -

catalyzing a paradigm shift towards sustainability.



TOPIC of OTEC Project

1. Program of International Platform on Ocean Energy for
Young Researcher

2. JST/JICA SATREPS Project of OTEC in Malaysia
3. The 3rd Japan-Pacific Island Countries Economic Forum

4. UNIDO/CTCN FS on OTEC in Nauru




6th Program of International Platform on Ocean Energy for Young Researcher
(Nov 11-Nov 15, 2019)

19 Country
25 Young Researchers

6t Program will be held on Nov.11th
~Nov. 17t in 2019

Technology Collaboration Programme
byled
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<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> <Project term>
Malaysia Model is established 25 March 2019 — 24 March 2024
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Pilot Plant
Malaysia Model H-OTEC pilot plant a =|[= (UPM,2021) 1
. . LR L
supplied by Japan side — I
Surface * Technology verification
Seawater (SSW) * Commercial conceptual design

H-OTEC system Power (electricity) :
-  Power

- Desalination Water
Deep Seawater

(DSW)
DSW multiple use Smta?le comblpatlon
in Malaysia
Aquaculture
Agriculture Variety of Products

Drinking water
Cosmetics
Spa ... etc

SSW+DSW
Economical Evolution
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Target to Malaysia Moldel
Sustainable Local community of < Energy +Water + Food >

OTEC
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http://www.ogb.go.jp/-/media/Files/OGB/Keisan/move/OSHIRASE/oshirase/201710/171010houkokusho.pdf

The human capital on the OTEC technologies and the DSW multiple use
for business is developed

Obijectively Verifiable Indicators

1 Over 30 researchers completed the training programs related to OTEC in Japan
2 Over 5 joint papers published in international journals

Progress and Achievement

* 10 researchers attended the 1%t on the site training of OTEC and DSW applications
* Issued the training completion report

* Selected PhD candidate for the JICA Long Term Training

e 2 researchers part|C|pated 6th International Platform on OE for Young Researcher

Trammg in IOES & Kumejlma satellltesand Deep Seawater Research Center

SATREPS PROJECT A7 X
SAT R E PS % IOES Ocean Thermal Energy Conversion OTE @ 6 AUg- 2020 2" JCC 14




Climate Technology Centre & Network:CTCN

OTEC Pre-Feasibiliy Study in Republic of Nauru

f EHEII=I
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‘ I ‘ Iq CONNECTING COUNTRIES TO CLIMATE TECHNOLOGY SOLUTIONS
CLIMATE TECHNO

CENTRE & NETWORK

Q Search

Home : Technical Assistance > Ocean Energy Technical Pre-Feasibility Study

ORGANISATIONS Ocean Energy Technical Pre-Feasibility Study
Environmental Design i
Solutions Pyt Lt-:l.J Countries:
Nauru
More
Objective:

SIMILAR TECHNOLOGIES | Mitigation
Involving Doctors and

Nurses to Achieve Energy
Efficiency

Sectors:
Renewabl

ergy

More > Cross-sectoral enabler:
Capacity building and training, Economics and financial decision-making, Governance and planning

Approach:
Disaster risk reduction, Endogenous technologies, Gender

Geographical scope:
Mational

TNA status:
TNA was completed before submission

Date of submission:
Wednesday, June 3, 2020

Request document (public):
Request OTEC.pdf

NDE Organisation:
Ministry of Commerce, Industry and Environment

CTCN Kevword Matches:

Japanese team is adopted by International recruitment
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JONNECTING COUNTRIES TO CLIMATE TECHNOLOGY SOLUTIONS

Home

» Technical Assistance

» Ocean Energy Technical Pre-Feasibility Study

Ocean Energy Technical Pre-Feasibility Study

Context

Ocean Thermal Energy Conversion (OTEC) are found to be competitive in various markets in coastal and island countries,

globally. Amongst the various markets worldwide, the Pacific Island ies are
the cost of oil-fired power, the demand for i water, ial of lture and the social benefits of this clean energy

! Fur , the ial of ocean energy in Nauru is long known as the world’s first OTEC pilot plant
was set up in Nauru by the Japanese Tokyo Electric Power company in 1981. It was the highest power OTEC plant ever
operational and the first and last to feed power to an operating commercial grid. Due to extreme weather events, this OTEC plant
is not operational anymore because of the damage made to the plant pipes.

to be most pi ing pertaining to

Since the installation of the OTEC pilot plant in 1981, there have been si i in OTEC I and design,
with side benefits such as the production of large amounts of fresh water. With the very rapid drop-off beyond the reef in Nauru,
there is an opportunity for OTEC energy development in the country. Construction techniques have now also improved to become
climate-proof. However, the Republic of Nauru lacks ical and financial aswellasi ry expertise to conduct
a pre-feasibility study and assess the potential of OTEC in comparison to other ocean energy possible solutions.

The main contribution of the Republic of Nauru to climate change mitigation is the implementation of its Energy Road Map
(NERM) 2014-2020 in order to reduce greenhouse gas emissions and achieve energy security by reducing reliance on imported
fuel.

The specific targets of the NERM by 2020 are:
+ 50% of grid electricity supplied from renewable energy sources;

a3 in enerav effici in the resi i ial and sectors

Ref. CTCN, IRENA

programme

Capacity in 2019 MW %
Non-renewable 17 96
Renewable 1 5
Hydro/marine 0 0
Solar 1 5
Wind 0 0
Bioenergy 0 0
Geothermal o 0
Total 18 100
Capacity change (%) 201419 201819
Non-renewable + 44 0.0
Renewable + 291 0.0
Hydro/marine 0 00
Solar + 291 00
Wind 0 0.0
Bioenergy 0 00
Geothermal o] 00
Total + 48 0.0

Net capacity change in 2019 (MW)
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Bloenergy Geothermal

0

o

Generation Iin 2018 GWh
Non-renewable 50
Renewable
Hydro and marine
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Bioenergy
Geothermal
Total
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Capacity utilisation in 2018 (%)
Fossil | 34
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Ongoing Projects and Proposals related to Japan

Nauru Ocean Energy
Technical Pre-Feasibility Study

R\
UNIDO
WY
United Nations Industrial Development Organization UNIDO (United Nations Industrial Development Organization)
TERMS OF REFERENCE (TOR) Q

Title: Ocean Energy Technical Pre-Feasibility Study

CTCN*1 (Climate Technology Centre & Network)

CTCN request reference number 2020000016 As an executing agency to promote technology transfer related to climate change, it was
decided to establish it at COP16 (2010) and started operation and service provision in 2013.

Countries: Nauru

27 July 2020
¥1: Government of Japan
@ contributes  $4.6 million
GCF has some su pport The Japan Team (OECC, IOES, University of Tokyo cooperating) is

the first in Japan to adopt for renewable energy

projects for Paradigm shift
@®Micro:10M US$~ —
@®Small: 10MUS$~50MUS$
®Medium:50MUS $ ~250MUS $
@®Large 250MUS$~

CTCN and the Nauru government aim to put OTEC into practical use
with support of the GCF*2(Green climate Fund) 8

X2  Government of Japan contributes $1.5 billion



Vast Potential

The area of potential DOW and OTEC use is vast, but in locations most in
need of expedited support. Adapting the Kumejima Model to SIDS can
address many global challenges and provide an opportunity to shift
communities from net-energy importers to self-sufficiency. In the future, a

hydrogen society may further shift this balance, enabling SIDS to lead as
resource-rich Large-Ocean States.

| The Equatorial Region has a high temperature difference
18 19 20 21 22 23 24 25 which can lead to higher power generation efficiency.
This area has the highest potential for OTEC.

Source: Created from World Ocean Atlas 2009 (WOA2009) Data



The 3rd Japan-Pacific Island Countries Economic

Initiatives for

Ocean Thermal Energy Conversion (OTEC)

@ The 3rd Japan-Pacific Island Countries Economic Forum

Reference / MOL's initiatives

Projects under consideration and implementation

Target

Project Overview

1. Kumejima 1MW Land OTEC

2. Experimental Study on OTEC off Mauritius

3. Floating 100 MW FS

A demonstration project is under consideration to realize 1 MW onshore OTEC in Kume Island.
The seawater after power generation will be used for various industries such as fisheries and
agriculture. and will also contribute to the promotion of the local economy.

In Mauritius, which is working on the introduction of renewable energy, we will conduct a
demonstration experiment of OTEC and research for the utilization of deep sea water. and
consider introducing Kumejima Model.

The idea is being tested by relevant parties (including certification bodies) with a view to
conducting a demonstration experiment in Indonesia. It aims at the proposal to NEDO.

© 2021 Mitsui O.5.K. Lines, Ltd.
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Comparative Study for Selection of Renewable Energy
Introduction (Focused on Installation for Pacific Islands and Small Islans)

Power Generation Cost ($/kWh) ©

Initial Cost ($/kW) ©

Running Cost ($/kW) ©
Power Stability X

No Need for Storage Batteries for .
Stability and Emergency
Capacity Factor A\ (~20%)

Necessity of Internal Power ©

Resilience to Weather o
(Typhoons, Earthquakes, etc)

Seawater Desalination A
Employment Creation X

Hydrogen Production A

Compatibility with South Pacific
O (High

Insolation)

Island Nations (typhoons,
climate, etc.)

Note: The above is an initial analysis and not final

Footprint/Power Generati X (Large Land Use)

A\ (~20%*)

A

X

Industry Development X (Power Only) X (Power Only)

A

/\ (Typhoon, etc.)

A\ (35%%)

A

/\ (Fisheries)

/\ (Fisheries)

A

/\ (Typhoon, etc.)

X (Large Ocean
Area Use)

*)

A

/\ (Fisheries)

/\ (Fisheries)

A

/\ (Typhoon,
etc.)

Yasuyuki IKEGAMI @IOES. Saga University, Japan.

X: Small (500k W or less)

X O Medium (1+ MW)
O ! Large (10MW+)
X Intake
AN
O Power Plant
/\ (Difficult to o
Maintain)
O(Predictable) © (Stable 24hrs)
/\ (Predictable) © (Stable 24hrs)
(if) © (80-90%+)
AN
(©) (internal power use of 20-
40%)
O : Onshore
O .
/\ i Offshore*
AN (@)

© (Multi/ Combined

/\ (Fisheries) Use)

© (Multi/ Combined

/\ (Fisheries) Use)

A o

(¢}
/\ (Typhoon, etc.)
Typhoon Resistant)

(Particularly High Potential,

*Survey Required. Currently Japanese Data

Internal power for pumps, etc. required for
power generation

*Few Practical Installations/ However, in the
“Takumi” project (floating body and intake
pipe) there is a long term (5yr) track record.

For OTEC, continuous flash-type is possible if
power provided from OTEC. Other RE can
supply RO such as Demand Response.

In this case, Fisheries includes the installation
of artificial reefs, artificial sea plant beds,
cages, etc.

In this case, Fisheries includes the installation
of artificial reefs, artificial sea plant beds,
cages, etc.

For OTEC, continuous flash-type is possible if
power provided from OTEC. Other RE can
supply RO such as Demand Response.
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Comprehensive Evaluation of Introduction
in Pacific Islands & Small Islands (tentative)

O There are advantages in terms of cost and operating costs, however,
there are issues such as required area (land) use, intermittency, etc.

Onshore Wind AN Issues with Low Potential, required area (land) use, intermittency, etc.
Offshore Wind AN Issues with Low Potential, area (ocean) use, intermittency, etc.
Wave X A detailed survey is required for a final decision

Tide / Current X A detailed survey is required for a final decision

© MW+ Onshore OTEC provides advantages in most categories

When aiming for 100% renewable energy,
strategic combination of OTEC and Solar
Power Generation is effective for SDGs in
Pacific Islands & Small Islands

Yasuyuki IKEGAMI @IOES. Saga University, Japan. & I oE s
® ShmA UHIVEREITY JABAN
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