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jicA’ 1. JICA’s Recent Cooperation

** Work together in various cooperation program including T/A and grants
s Utilize knowledge/experiences from island regions such as Okinawa (*)

Northern Mariana Islands

..................... ¢ Master Plan Survey for Formulation of Self-
........... Sufficient Energy Supply System (2013-15) (*)

2 Federafed Fistes of Micronesia m
l Palaw

. o] ¢ Study on the Dissemination and Feasibility of Grid-
Papua Mew Guinea | MNawre) . urlibn connected PV Generation System (2013-15) (*)
q'.l.a.l-l.""'

Guam

[H:lrrlall slands

[.HEI Can |laEn

2 i Tokalau
- i y Wallis & .— .7
4 Semod | L.

.

Fui
. == e I ¢ Master Plan Survey for the Effective and Efficient
: ) l"‘-""“ Use of Renewable Energy Resources (2013-15)

Coak =Ian|::]

e [rerg ... -
\ustralie { Tonga

¢ The Project for Introduction of Clean Energy by
“ Solar Home System (LED included) (2012)

¢ Training for Fuel-Reduced Operation of Diesel ¢ Grant Pro!ect 67 Uiree UEHELT @i MICFO-SrId
Power Plants (-2014) (*) S\./stem‘W|th Renewable Energy (2015) (- ) -

+ Training for Promotion of Renewable Energy in ¢ Dissemination Program of Typhoon-Resistant Wind
Micro Grid (2014-) (*) Power Turbines (2014-15) (*)
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jicA’ 1. JICA’s Recent Cooperation

Japan’s Past Grant Aid for Diesel Engine Generator and Renewable Energy

Country
FSM

FSM

Kiribati

Kiribati

Marshall

Palau

Palau

Solomom

Solomon

Tonga

Tonga

Tuvalu

Vanuatu

Vanuatu

Project Title

Upgrading of Electric Utilities

Introduction of Clean Energy by Solar Electricity Generation System

Upgrading of Electric Power Supply in Tarawa Atoll

Upgrading of Electric Power Supply in Tarawa Atoll (Phase-II)

Introduction of Clean Energy by Solar Electricity Generation System

Introduction of Clean Energy by Solar Electricity Generation System

Enhancing Power Generation Capacity in the Urban Area in the Republic of Palau

Lungga Power Generation Development
Improvement of the Honiara Power Supply

Introduction of Clean Energy by Solar Home System (SHS)

Introduction of a Micro-Grid System with Renewable Energy for the Tonga Energy Road Map

Upgrading of Electric Power Supply in Funafuti Atoll
Sarakata River Hydroelectric Power Development Project

Improvement of Sarakata River Hydroelectric Power Station

Description

DEG(2.5MW x 2units)

PV(209kW)

DEG(2.3MW x 2units)

DEG(1.4MW)

PV(205kW)

PV(180kW)

DEG(5MW x 2units)

DEG(4.2MW)
DEG(4.2MW)

SHS(105kW)

PV(IMW) &
Capacitor(10kWh x 2units)

DEG(0.6MW x 3units)
Hydro(300kW x 2units)

Hydro(600kW)

Completion

1994

2013

2002

2005

2012

2011

2014

2000
2007

2013

2015

2006
1995

2009
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jICA) JICA’s Cooperation (Ex. 1) : Training Program

Training for Fuel-Reduced Operation of Diesel Power Plants(*)

+* Review the fundamentals of DEGs

o

» Understand theory and methodology of economic operation
s Conduct the economic load dispatch among multiple DEGs

/

%* Formulate an action plan for dissemination
Training for Promotion of Renewable Energy in Micro Grid(*)

s Share history and current situation of PV development in Japan

o

% Understand how to identify necessary conditions to promote PV penetration

o

% Formulate a preliminary plan of micro grid system (renewable energy connected
with diesel) in each country
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oi. A) JICA’s Cooperation (Ex. 2) : Master Plan for Formulation of Self-
Jic Sufficient Energy Supply System in MARSHALL(*)

** Enhance the capacity to establish sustainable and self-sufficient energy supply system
through:
1) Assessing the institutional arrangement to promote RE
2) Evaluating the allowable capacity of grid-connected RE
3) Planning and designing DEG-PV hybrid grid system
4) Conducting Economical operation of DEG

[ Road map for a Self-Sufficient Energy Supply System in the Marshall Islands

Technical feasibility study Technical & Legal regulaticns

Maximization Method

Study on shart-period Study on lang-peried Grid Code FIT. PPA., others {Long and short period fluctuation
fluctuation countermeasures fluctuation countermeasures Cowntermeasures)
Introduction of alternative Implementation
Implementation
energy (RE) h capacity (kW) study [l
Concitions
MEC |ssues In power generathon system —
1. Mo FITregulation inthe first step
1. DG set conditi 2. G eoanaection
{m;:temm";"mﬁh““ T hwreo M netrvark o poslbantial Self-SufficientEnergy Supply
commercial side
2. Power plant operation » ) ) T higeh violtage MEC facilities only
(DG set replacement & resizing to get efficient operation) 3. Permisdon of reverse Now without reveney
3. Distribution network condition [upgrading of substation | = Mot allow in residential side
= Allow @ certain amount in Comimercial side

High-efficiency operation

Qil fuel consumption Efficlent diesel generator speration

reduction
4+  Optimal load distribution by EDC * Improve maintenance system

operation (manual| * Full-scale EDC device
implementation 5
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oi.c A ) JICA’s Cooperation (Ex. 3) : Micro-grid System with Renewable Energy
J in TONGA

/

+* Objective :
To enable stable electricity supply, integrating various energy resources with micro-grid
system

** Project Component :
1) Power generation by RE (solar PV: 1MW)
2) Micro-grid controller

3) Lithium-ion capacitor (10 kWh, 2 units)

Micro-grid controller

PV array

Li-ion capacitor
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jica’ 2. “Knowledge and Experience of OKINAWA

OKINAWA, Southernmost Remote Island, with more than 160 small islands

[ Knowledge and experience from Okinawa related to small grid
: operation with both Diesel Generator and Renewable Energy,
! have been particularly utilized in recent JICA Projects.
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jicA’ 3. JICA’s View on the Current Challenges

CHALLENGE

+»* High dependency on imported fossil fuel

= High tariff, and fluctuation risk of oil prices = el
= Low energy security

+»* Excessive integration of variable RE

= Unstable outputs associated with weather conditions, disaster
risks, and adverse impact on existing generators
= Unreliable power supply

Critical: Ensure the energy security with reliable power supply




jﬁ’cA) 3. JICA’s View on the Current Challenges

POSSIBLE SOLUTION

Development of Renewable Energy (RE)
© Solid Effect on Fuel Reduction
® Unstable Power Output
N2
“Optimal Development of RE”
(ex. RE integration within allowable capacity of grid,
RE integration with grid stabilizer)

-

Efficient Diesel Engine Generator (DEG)
© Cost-Effective Method

© Important Role as Base Load Power Source
N/
“Appropriate and Economical
O&M on DEG”

> > > Hybrid System for Fossil Fuel Reduction and Energy Security
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JiIcA’ 4. “Fukushima Iwaki Declaration” (PALM7?)

”Recognizing that dependence on fhe 7th Pacific Islands Leaderﬁ

Meeting

fossil fuels for meeting energy PALM 7
needs has been a major constraint

to sustainable development in the &7 p
Pacific region, the Leaders ‘é’
stressed the importance of
transition to a sustainable energy

Q:;\T >

MBEX¥E-RTEZr R

WR27H5SA22E - 2 IECEBRLDANTHESNE 'J
future_ .........

Prime Minister Abe expressed
Japan’s intention to cooperate
with Pacific countries for the
reduction of fossil fuels
consumption with the aim of
improving their energy security
and contributing to reduction of
greenhouse gases (GHG). “
(Part of Article 30)

(Resource) Website of Ministry of Foreign Affairs of Japan



j'?cA) 5. JICA’s New Program: “Hybrid Islands Program”

Smart Energy Integration for Resilient Islands

Optimization for Reliable, Sustainable and Affordable Grid

.............. I |
é Renewable Energy é Grid é Optimized Diesel

: Stabilizer :
wind ) PV ) {Output restriction, :
: Battery, EMS, etc.) :

N == : .
N == Appropriate
== & Economical

== ' O&M

. JICA’s possible collaboration f

Master Plan Micro Grid Regional Grant Project for
Study on TraiT T/A on Grid Stabilization
E Introductio ~raining Diesel O&M incl. DG, Micro Grid
v v

—aple

\(

fOr

Z,




jfea’ 5. JICA’s New Program: “Hybrid Islands Program”

Expansion
of DG
Operation
Range by
Optimal
O&M

[Roadmap for Reliable Power Supply]

STEP 3

Upgrade / Introduction
Installation of RE
of DG §> to
(if Allowable
necessary) Capacity *

>

STEP 4

Expansion
of Allowable
Capacity by
Short Term

Grid

Stabilizer

>

STEP 5

Expansion
of Allowable
Capacity by

Long Term

Grid

Stabilizer

* JICA’s “Allowable Capacity”: Maximum capacity of RE which can be connected to grid without
serious damage on the stability of power and the generator, with

neither stabilizer or new/upgraded generator provided.

[Assessment Method for Candidate Assistance]

Grid Stabilization

Identification on Current and
Planned RE Introduction

Analysis on “Allowable Capacity”
of Grid-Connected RE

» DG O&M /DG Upgrade (T/A, Training, Grant)
»  Micro Grid System (Training, Grant)

Optimal RE Introduction Planning

L
e " i

»  MP Survey
» DG O&M /DG Upgrade (Training, Grant)

»  Micro Grid System (Training)

12



jfea’ 5. JICA’s New Program: “Hybrid Islands Program”

(Ex. ACTION PLAN for Pacific Islands)

PALM 7 PALM 8
2015 ‘ 2016 2017 2018 2019 2020
: prepar Technical Cooperation Project for the Introduction of |
1 ation Hybrid Power Generation System (Fiji, Kiribati, Tuvalu, FSM, Marshall)
l LB
'_J.__‘ ------- B I-----\v\ ------ o
: prepar N\ Strengthening \‘\\,\ Tra(ljr]clr:ggrfor Y
_ : L 5
|_ation~ Regional Training Center " _ countries __
L —= —L---------oC oo L
Training on Promotion of Training on Promotion of %
RE in Micro Grid RE in Micro Grid R
(in Japan) £ (in Japan)

| |

s ’
I

(Remark) This schedule is tentative and consultation is undergoing with GOJ, Pacific Island countries,
etc.

13



j'i’c—A\) 6. Smart Integration of RE with DEG

Challenges of integrating RE with DEG

Short-term fluctuation of power output by RE
J

® Frequency of power system is disturbed

it

Long-term fluctuation of power output by RE
J

@® Excessive power supply during low-demand period
® DEGSs are damaged due to continuous low-demand operation
® Economy of fuel consumption by DEGs may be deteriorated

<

Energy storage system (e.g. battery) will be necessary beyond

certain penetration of RE

NG

Increasing cost of energy supply

14
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jic Small Penetration of PV into DEG supply

Short-term fluctuations: small
Frequency

A

Frequency management value

va

Long-term fluctuations: small

Peak power

\

Time

Middle power

\ Demand

Generator minimum output

Base power

0:00 6:00 12:00 18:00 24:00

Both short- and long-term fluctuations will not be caused by
appropriately adjusting DEGs power output through GF, etc.




Medium Penetration of PV into DEG supply

Short-term fluctuations: medium
Frequency

Frequency management value
A

eyt

Time

\ Power demand

PV
Long-term fluctuations: medium

Middle power

Generator minimum output

Base power

0:00 6:00 12:00 18:00

24:00

It is necessary to investigate the necessity of introducing
countermeasures for short-term fluctuations.




cA’ Large Penetration of PV into DEG supply

Short-term fluctuations:
large
Frequency
Frequency management value
M

Peak power

PV
Long-term fluctuatipns: Middle power
large
Power demand
Generator minimum/output
L _— L I I I I S S S S B S S - r ____________
Base power
0:00 6:00 12:00 18:00 24:00

It is necessary to investigate the necessity of introducing
countermeasures for both short- and long-term fluctuations.




ji’ci’ 6. Smart Integration of RE with DEG

Levelized Cost of
Electricity (LCOE)

Gty § e
(indicative) Cost saturated or increased by

introducing short-term energy
storage (assuming the
replacement cost born by utility)

No other option than energy storage?

RE penetration
18
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Output Restriction of solar PV system
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Solar radiation and cumulative frequency in Okinawa

For example, if PV output is restricted to 50% throughout the year, annual power

generation would be reduced by approximately 9.1%. Since the incidence of high output

is low, the impact on annual power generation is limited.

19



ji’c—A\) 6. Smart Integration of RE with DEG

0.500

——0—Base case (up to 50% output restriction & storage)
0.480

0.477
PV output restriction only
0.460
—-Long-term storage only /lﬁm
,l@

U.333
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.w 0.268
0.360 W 036
0:347 346

= o o o
w i > £
00 =) o

o S o o

LCOE (US$/kWh)

0.340 00302 4 oz
0:333 0335 0.332
0.320
0.300 | | | | | |
0 100 500 1000 1500 2000 2500 3000 3500
(source: study result by JICA) PV capacity (kW)

Output restriction of RE can be the cost-effective solution compared
with long-term storage, since the restricted energy and its benefit is
much smaller than necessary capital of storage system.

20
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j'ICA) 7. JICA’s Contribution to SDG

ST T SUSTAINABLE ¢ ",
" Goal 7. Ensure access to
I affordable, reliable, = N O [,
I sustainable and modern Ty
: energy for all | Tl

DECENT WORK AND INDUSTRY, INNOVAT ION REDUCED SUSTAINABLE CITIES RESPONSIBLE
() ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPT ION
AND PRODUCTION

14 LIFE 15 LIFE 16 PEAGE, JUSTICE 17 PARTNERSHIPS
BELOW WATER ON LAND AND STRONG FOR THE GOAL3

INSTITUTIONS SUSTAINABLE

1 3 CLINATE
AGTION
DEVELOPMENT

G<LIALS

|' 7.a By 2030, enhance international cooperation to facilitate access to clean energy |
I research and technology, including renewable energy, energy efficiency and advanced :
: and cleaner fossil-fuel technology, and promote investment in energy infrastructure and :
1 clean energy I

21
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ji.CA) 7. JICA’s Contribution to SDG

JICA’s Technical Cooperation Project

€ The Project for the Introduction of Hybrid Power Generation System
(Fiji, Kiribati, Tuvalu, FSM, Marshall) (Nov.2016 - Oct.2021)

Outputs
1. Appropriate and economical system for O&M of Diesel Generators (DEGs) is enhanced.

List of Japanese Experts (Tentative)
A) Hybrid Power Generation System (Fiji)
B) Operation & Maintenance of DEG

C) Economic operation of DEG

D) O&M of RE energy

E) Integration of Renewable Energy

€ The Project for Study of Upgrading and
Maintenance of the National Electrical
Power Grid (Palau)

Outputs

Master Plan Survey including following components .

A) Upgrading of National Grid

B) Optimal Development of Renewable Energy

2. Methodology for appropriate planning and O&M of renewable energy (RE) is established.

22
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jﬁ’cA) 7. JICA’s Contribution to SDG

The Project for the Introduction of Hybrid Power Generation System

Training

P e e e e e e . Hemisphere
Japan ! ‘,,.
OKINAWA, : Marshall [
: i (MRD, MEC) :
i .
1 I
1 I
1 1
' (R&D, PUC, CPUC, YSPSC, KUA) ;
] 1
| j
\
4

Northern\

(MPWU,
== Support in each country JICA Consultant Team

Training
in Fiji and Japan Tuvalu

JICA Chief Advisor (MPU, TEC)

F IJ I Training

\ (DOE, FEA, PPA)

. Southern
Kiribati Hemisphere

23
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jﬁ’CA) 7. JICA’s Contribution to SDG

Japan’s Grant Aid

<Committed>
€ The Project for Power Sector Improvement for the State of Kosrae (FSM)
»  Diesel Generator (600kW x 2)
»  Preparation for construction

<Pipeline>

€ The Wind Power Generation System
Development Project (Tonga)

»  Wind Generator (1.3MW)

»  B/D study (Jun.2016 - Feb.2017)

€ The Project for PV Power Generation System
in Ebeye Island (Marshall)

> PV (600kW with/without battery)

»  B/D study (Jun.2016 - Mar.2017)

24
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jica’ Important Issues

1. Analyzing maximum allowable capacity of RE is Important
first step for the optimal development of RE in Pacific
Island Countries .

2. Cost-benefit analysis to compare introduction of long-term
storage and output restriction of RE should be conducted,
since the restricted energy and its benefit could be much
smaller than necessary capital of storage system.

3. JICA's Hybrid Islands Program will propose best solutions
on these issues for Pacific Island Countries, fully utilizing
Japanese resources, especially for the Okinawa’s
knowledge and experience for small grid operation.
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THANK YOU VERY MUCH
FOR YOUR ATTENTION.

Japan International Cooperation Agency



