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ATTACHMENT

I. Scenario Setting of Renewable Energy Road Map and Master Plan

Under the Palau’s Nationally Determined Contribution (hereinafter referred to as
“NDC”) which put the nation on a trajectory to generating 45% of its energy from renewable
sources by 2025, both sides confirmed that base scenario of master plan for upgrading and
enhancement of power transmission and distribution facilities in consideration of the
introduction of further renewable energy (hereinafter referred to as “RE”) will be formulated
in line with it. In other word, 45% RE scenario (hereinafter referred to as “45% Scenario™)
will be prepared in the master plan (hereinafter referred to as “MP”).

On the other hand, JICA Expert team explained expected challenges to achieve 45%
Scenario including high capital and O&M costs, land issues as well as technical side such as
RE output forecasting, control and battery management. Then, in order to compare several
scenarios from financial and technical view point, the JICA side proposed to prepare
alternative scenario with lower RE generation rate through analyzing levelized cost of
electricity (hereinafter referred to as “LCOE”). In response, PPUC explained that 45%
Scenario is the national target so they requested the JICA side to analyze detailed phasing and
sequence of RE road map by 2025, instead of preparation of alternative plan. The JICA side
agreed to analyze it, even though they showed concern of realization of 45% Scenario up to
2025.

Then, preliminary analysis by JICA Expert team revealed that introduction of RE
which can generate 45% of power would require large amount of energy storage system both
for short and long term. To avoid potentially excessive cost that PPUC might incur through
the introduction of energy storage system, optimizing operation of the existing power system
with battery storage system be examined and studied closely to find out the most reasonable
scenario economically and environmentally.

In this way, both sides confirmed that necessary steps for the analysis of updating RE
road map are as follows.

Step 1: Improvement of operational practice of Diesel Engine Generators
In order to integrate larger capacity of RE into PPUC grid, the existing operation
practice of Diesel Engine Generators (hereinafter referred to as “DEG”) should be
examined and improved. For example, following items need to be considered:

(1) Low Load Operation of DEG
The allowable minimum power output from each unit is generally different
depending on manufacturers and type of engines. Some manufacturers will allow
30% minimum output in one hour, if the output return close to 100% rated
capacity after that period. Therefore, specification and actual operational
conditions for each unit should be taken into consideration.

(2) Number of DEG in operation
Allowable RE connection capacity from the viewpoint of the long-term restriction
is decided by DEG output under the low load operation. However, it will be
determined not only by DEG output, but also the number of units of the DEGs in
operation. Therefore, in order to make the wide range of analysis, JICA Expert
team will add a study case that one (1) unit of DEG shall be deleted from normal
operation conditions in day time (when PV system is operational).
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(3) Operation with high-speed engines
As the share of variable RE are increasing, introduction of high-speed DEG
should be examined, as they are usually more flexible in terms of start-up time
and changing rate of power output (kW/second).

(4) Improvement of governor control
Improvement of governor response can be expected by replacing the existing
mechanical governor into electronics governor. Also, the possibility of introducing
isochronous control should be studied with cost-benefit analysis.

(5) Sequence of RE development
Analyze and discuss in detail the practical phasing sequence up to the year 2025
that will take advantage of the swiftly decreasing costs of PV and battery storage
system.

Step 2: Output restriction of RE generation systems
In order to reduce the output/capacity of energy storage, the optimum capacity and
duration of restriction mechanism should be proposed. The energy amount (kWh) that
need to be restricted can be calculated by reviewing the record of existing PV system and
demand forecast.

Step 3: Finalize the output and capacity of energy storage
As a result of the above examination, the required output/capacity of energy storage
can be calculated for short- and long-term energy storage, respectively for efficient and
safe utilization of existing base load DEG.

The result of above careful analysis for 45% Scenario will be reflected to power system
analysis and transmission/distribution system planning.

H. Important Factors of 45% Scenario

Based on the Annex-1, both sides discussed on the important factors for the study of 45%
Scenario:

1. Minimum Power Output of DEG

Based on the Annex-1, JICA Expert Team explained possible impact by setting of DEG
minimum output and number of DEG for further penetration of RE. In order to realize 45%
Scenario, PPUC is expected to set minimum output of DEG as 40% or 50%. However, PPUC
explained that 40% operation in a longer period cause to harmful influences on engines such
as black smoke generation by abnormal combustion, low fuel consumption rate, etc. Finally,
both sides agreed to use 50% of minimum output of DEG on the condition that one (1) DEG
will be stopped to accept further RE as well as to keep output level of DEG more than 50%.

2. RE Power Resource

Besides, through the explanation of Annex-1, in order to consider optimal combination of
photovoltaic (hereinafter referred to as “PV”) and Wind Turbine (hereinafter referred to as
“WT”), the JICA Expert Team pointed out negative aspect of WT especially for low capacity
factor in other island countries and difficulty of timely supply of spare parts. PPUC agreed to
conduct sensibility analysis with lower capacity factor of WT.

3. Power System Analysis and Planning.
In consideration of negative aspect of WT mentioned above, both sides confirmed that
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45% Scenario with 100% of PV will be utilized for the core case of transmission/distribution
system planning. Then, 45% Scenario with PV and WT could be the reference case of MP.

4. Potential Sites of Renewable Energy

Current potential sites for RE is as shown in Annex-II. However, JICA side explained that
additional potential sites for PV with around 20MW including Solar Home System
(hereinafter referred to as “SHS™) are necessary to achieve 45% Scenario. Then, both sides
confirmed that around 10% of additional PV potential site will be calculated as SHS.
JICA side requested PPUC to propose rough location of potential sites for additional PV
before 8" December, 2017.

5. Implementation Structure of 45% Scenario

In order for Palau side to realize 45% Scenario by the target year, PPUC request the JICA
side to analyze possible measures and necessary implementation structures how to finance or
invest RE related projects including inviting Independent Power Producer (hereinafter
referred to as “IPP”). The JICA side agreed to consider it.

I1I. Project Implementation Schedule

1. Approval Process of MP
PPUC explained that MP prepared by the Project will be approved by the board members
of PPUC as well as Minister of Public Infrastructure, Industries & Commerce.

2. After 3rd Field Survey

(1) JICA Expert team explained the tentative project implementation schedule (refer
to Annex-3). PPUC agreed with the schedule as a baseline schedule to formulate
MP including pre-feasibility study for high-prioritized-projects.

(2) As a part of the Strategic Environmental Assessment (SEA), comments/opinions
from stakeholders on the progress report-2 must be collected prior to the 4th field
survey, scheduled in March-April 2018. Therefore, PPUC and the JICA Expert
team will collect the comments/opinions from the stakeholders by the end of
February 2018 by means not limited to physical conference under the attendance
of all stakeholders.

Annex List

Annex-1: Explanation sheets for “Target of introduction of renewable energy capacity
against total generating capacity by year 2025”

Annex-2: Expected PV installation Location

Annex-3: Tentative Project Implementation Schedule
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(2) Related power and Energy documents from Int. organizations 3

_ Palau’. : February 2017
ADB rivate Sect at Palau 2016
ADB | Country Operation Business Pian o ' " | November 2016
ADB Acﬂons for Palau S Future 2009-2014 2009
World Bank ‘Wi 18y Economic Enen s ~ 0 7 12017 version
IMF Eoonom!c outiook of e ‘ _ October 2016
IMF 2014 Article IV Consultation : Staffreport | May 2014
United Natons | UN Population. Study. . ey oo | 2EES version
IEA World Energy'omiook 3016 and 2017 2016, 2017 version
IRENA Palay ' 1Y (Oraft) _ *} 2047 version
EIA Energy Transmon Initlaﬂve . 2015
1EE] e T 018 varston
18] IEE) monthly paper on w:md Renewable energy 2016 and 2017
BP BP Stalistics 2016
Donors Danor Ilst for Pa!au energy sechor pmjects Past years
IEA: International Energy Agen ‘ EIA. Energy lnfumtation Agency of DOE, USA

BR:  British Petroléum (Intemauonal Oﬂ Company) IEE);: The Institute of Energy Economlcs Japan
PEC: Pacific Energy Conference " MOF; Ministry of Finance, Palau

SPC : Secretariat of Patific Community PPUC: Palau Public Utllities Uorporation

PEC: PACIFIC ENERGY.CONFERENCE IRENA: Intemational Renewable Energy Agency

2. Preconditions for the model bujlding:
(1) Number of Population by state
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RE Roadmap analysis methodology

Countermeasures

_ Inﬂuence andlssues :.. - |
Frequency Fluctuation - LFe/AFC
1 {Short-term constraint) N G‘gln;er_a‘tor.i_mprovement
0 Ye-Batteries
Surplus Electricity _ * Demand creation
(Long-term constraint} * Generator Improvement
2 : * RE output curtailment
* RE output forecast
~« Batteries
Voltage Rise in Distribution .--:)+. Demand creation
System : ' » Voltage control equipment

Lack of Transmission / * New
4 Distribution Facilities 7 transmission/distribution
facilities

<, ppemanedd 18KE IED cOngiciEtation in
MR ".._-:_)pwer.‘system-planning-

The Kansi Ewcirc Noage Go., e,

Frequency Fluctuation (Short-term constraint) : S

| Frequency Increase |

o lewerDowﬁ
WE Shirass

{ - ! _— ) id
Frequericy Decrease | "
Power Up
Supply
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RE Foracast,

S Aliitia
4500LS0./km

45KUSD/ Yaar

o Aition SOKUSO/DAE
fnstik1 SOUSD/ Uit ™ 4
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Existing network system w..@

Ngaraadi

Power flow and voltage

* Max power flow: 7.3MW in Aimeliik-Aimeliik2 line
(transmitting capacity 21.5MW)

‘ Legand
* Voltage : 101-104% ggtm
(desired range 95-105%) AT}

03
Amelin G Substation

“ (u:-:‘:"n:a)
B No problem on power flow nor voltage Power flow
in 2016

Existing network system

Fault.curre_nt (3 phase shirt circuit)

. Max fault current 1. 02kA in 34, SkV at Almelnk

© 7 2.87kA in 13.8kV at Aimeliik
(mrcmt breaker rating 12.5kA).

s

®mNo pndbfl‘ém_; bn_ fault current

Plogad Bl

13 Y bus

(Unit:kA )

Fault current
in 2016
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Countermeasures against instability and aging substation

B Taking account of 9 sites of PV, 4 plans of countermeasures can be considered

Legend

Pawsr
Station

PV
Plant
Substaticn

mam— Erigtiry

I Plan 1 I —evelnaed

~ Comparison of countermeasures
—mm-m-

Volume of new overhead line SR X:] km ) 54 3 kim -

JERR ,48'0 km‘
14 5 km -

Submarine cable -

Canstruction cost (USS) 147 milligh: . 16:3 njillioﬁ ‘ - 264 million 2 7188 milion - :
Power supply reliability - : .
{Substations which undergo Low Medium Low High
power outage due to . (7 substations) (5 substations) {11 substations} (1 substation)
trdnsmtssmn fine fauh)
S T " High _
Environmental impact - Low. ' Low Excavahon to caral - low
T T R T A reefs T
Overall evaiuat:on rank 3 2 4 1

M Plan 4, wirhi:ch:shall form one round of 34.5 kV transmission line throughout
Babeldaob Island is superior to other plans.

P

A-3-97



A-3-98



Result of power system analysis

Target year : 2025
Power flow and voltage
Off-peak case
* 14:00 on week-end in April, demand 10.7MW

+ Load 15 supplied half by diesel generators and the
other half by PV.

Voltage and power flow
¢ Max, power flow : 4,0MW (capacnty 21.5MW)
+ Voltage : 99-102% (desired range 95-105%)

* No problem exists,
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THE PROJECT FOR

STUDY ON UPGRADING AND MAINTENANCE

IMPROVEMENT OF NATIONAL POWER GRID
IN THE REPUBLIC OF PALAU

JOlNT COORIJNATION COMMITI'EE (JCC)

SUBSTATION PLANN!NG & SUMMARY OF FACILITY PLANNING

1. 'Review of the Work Flow.

2.+ Concept for Substation Facility Planhing

3 'Countenneasures (Aging Substation-Facllitios

4. Countermeasures (irnprovementafPaWer Supply Reiiability)
5. -Consideraﬂons_(lmprovement of Power Supply Reliabliity)....
6. |

7. ation) v

8. taion Fadily (&

9. jation Facility (Step1)

10, tation Faclity (Step2)

11, {Step3

. Master Plan of T&D and substauon r-‘aioimy (8tep)
. Summary of Facility Plan and Tentative Rough Cost Estimation

-
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1. Review of the Work Flow

Load Demand Forecast Pre-study
Field survey

Hearing from PPUC
Drawings etc,

Power System Planning

”',_"'Féci'lity Planning

Transmission and | . . ,
D;stnbut;on Piannmg S—

] Substatton Piannmq
--QOutput ,
. Field survey report
Single line dlagram
Substati()n planmng

Findings

Technicai
Transfer

Master Plan for Transmission,

- - Distribution and Substation Facilities |

‘2. Concept for Substation Facility Planning - - - -

B Result of Load Demand Forecast

> Not necessary of cbuntermeasurés for Load Demand m? |
the pe_ribd of Master Plan "+ :

s&i

[ Mam Objectsves for Subétatlon FacmtyL 'Planntng

> Improvement of Power Supply Reliability
> Improvement of Maintenance Manageability . . .. .. -
> Countermeasures.for Aging Substation Failities, : .
> Countermeasures for. Grid connected PV.System . .
> Countermeasures for Future Load Demand
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3. Countermeasures (Aging Substation Facilities)

# Result of Field Survey (Refer to the Field Survey Report
for more details of the condition of substation facilities)

» Since old substations which had buiit in 1986 are aging
severely, improvement plan for substation facilities shown
below are considered with taking replacement of
equ:pment into conS|derat|on

Al 49B8 - 34.5/138" Thiee-Phase 10 MVAX1 10 000 Y-Y-A
2 Almeluk 1986 13.8/34.5  Three-Phase 10 MVAx2 20,000 oY
3 Almefik-1 1986 345138 "Th'm'scPh'a'sé‘ 1000 kVAx1 1,000 AY
4 Amelik2 - 1988 345138 Smgie—Phase 75 KVAX3 225 AY
5 Ge75KVAX3 226  AY

Nekkeng ~ 1986 345(38  Single-Pha

4. Countermeasures (Improvement of Power Supply Reliability)

8 Focus

» In addition to the countermeasures, aga;nst aging Airai ..
substation facilities, three ideas.are considered to. .,
determine more rellable power supply for the Ioad center
(Koror state).

m Ideas (See Consrderations(Summary)) R IR
» PLAN-A Impfovemeént of existing Airai substation

» PLAN-B'Rénewal of the Airai'substation™ 07
» PLAN-C Cofistriction of New Koror substation -

. S b L R
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5. Considerations (Summary)




7. Candidates site (Koror Substation)
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9. Master Plan of T&D and Substation Facility (Step1)

improvement
supply neliability




11. Master Plan of T&D and Substation Facility (Step3)

& Siep3d Target Year (2024-2025) (Refer to ine Location Map)

ed | Construgtion of 34.5kV transmission fine

‘system and Improvement of | + Melekeok PV site - Ngaraard 1
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