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ADB Asian Development Bank T VT BT
ADMIRE Action for the Development of Marshall Islands —
Renewable Energies

AFC Automatic Frequency Controller I 0 ] Y5 ol A S

AU Australia / Australian F—=AKZ V7 (D)

AUD Australian Dollars F—=ArZ VT R

AusAID Australian Agency for International Development F—Z N7 U7 EHEREIET

CDM Clean Development Mechanism 7 =B A T =X L

CHM Clearing-House Mechanism TJVT VU TINTGA e A=K
A

CcMI College of Marshall Islands ~— ¥y VR

C/P Counterpart VRV VAt

CROP Council of Regional Organizations in the Pacific RV iU s B A R el

DNA Designated National Authority fREE R

DOE Division of Energy TRAX—JF (VY uE# B
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DSM Demand-Side Management TWEM~ R A B

ECD Environment and Conservation Division RIEIRER (Vo' BE - R

[EE)

ECD Environment and Conservation Division BERER () 2|3 - +
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EDC Economic Load Dispatching Control TR LAy B 7 )

EDF European Development Fund W (57 28 4

EIA Environmental Impact Assessment Br B2 5 A

EIB European Investment Bank R $ 4R T

EPA Environment Protection Authority FARER (v~ — > v VEREA)

EPD Energy Planning Division TRLF—FHEE (v — v b
EIRBFEE)

EPPSO Economic Policy, Planning and Statistics Office BREEEH - BURRER (v—
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EPU Energy Planning Unit THRAF—F (FVARAILE
HH)
EU European Union Y QNBLREy
FFA Pacific Islands Forum Fisheries Agency P AROEE 7 4 — T A ER R
FIS Feasibility Study TA4—=YEVT 4 RET ¢
FSchM Fiji School of Medicine 74 U—ERKF
GEF Global Environmental Facility HEREREE 7 7 > U T«
GHG Greenhouse Gas(es) ITAE=EIE VIS
GoT Government of Tonga & o 77 E UM
IEA International Energy Agency [ B = kL — R
IFC International Finance Corporation ] B 4 it 2 £
IPCC Intergovernmental Panel on Climate Change A ENC B 2 BURH -~ =ov
IPP Independent Power Producer M EHEER
IUCN International Union for Conservation of Nature =B B AR A
JFPR Japan Fund for Poverty Reduction H A B 2L IR IR 4
JICA Japan International Cooperation Agency PRSEAT BT N B W A
JPY Japanese Yen H A H]
KNEP Kiribati National Energy Policy —
KSEC Kiribati Solar Energy Company F U NZAKRG T 1L F— A4t
kWh kilo watt hour XUy Mk
L Litres Uy hv
MEALD Ministry of Environment, Lands, and Agricultural | B35% - -t - E3EERE (X
Development INR)
MEC Marshalls Energy Company ~— ¥ LT R ILFXF—ANFE
MECC Ministry of Environment and Climate Change BREE - KUERZEE (b )
MECM Ministry of Environment, Conservation and R - Re "B (VaeEr
Meteorology B
MMERE Ministry of Mines, Energy and Rural Electrification | #i1l1 - = % /L% — - # 5 ELE
(Y aELiEE)
mph miles per hour < A VR
MPWU Ministry of Public Works and Utilities NEFEFEER () X)
MRD Ministry of Resource and Development HP - FARE (v—T )
NAO National Authorizing Officer — (PRIP)
NAPA National Adaptation Programme of Action ESlRIN aE UEN




NASA National Aeronautics and Space Administration T AU IZEEE R

NGO Non Governmental Organization FEBURF AH%

NZ Newzealand Za—V—J K (D)

NZAID New Zealand Agency for International —a—v—7 v REEREIT
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ODA Official Development Assistance WU BH %6 42 By

OEPPC Office of Environmental Planning and Policy PRBEEE - BRI R (v—
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PEC Pacific Environment Community R BR B L R A

PIDP Pacific Islands Development Programme KEE R T v 7T A

PIEPSAP Pacific Islands Energy Policy and Strategic Action —
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PIFS Pacific Islands Forum Secretariat KVPERE R 7 +— T LFEH R
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PPA Pacific Power Association KVl B EN S

PRIP Pacific Regional Indicative Programme —

PUB Public Utilities Board NN (U NR)

PV Photovoltaic N b

RAO Regional Authorizing Officer — (PRIP)

REEEP Renewable Energy and Energy Efficiency BARET R LX— KRz )L
Partnership F—hRp == 7

REP-5 The Support to the Energy Sector in Five ACP —
Pacific Island Countries

SCADA Supervisory Control and Data Acquisition -

SEIAPI Sustainable Energy Industry Association of the KRG SRR R L X —
Pacific Islands PEXEW S
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SIEA Solomon Islands Electricity Authority A=E = WAL/ I

SISEP Solomon Islands Sustainable Energy Project (RO 7m =7 )
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SPTO South-Pacific Travel A ACEPEBDL R

SSM Supply-Side Management M~ A b

TA Technical Assistance ey 3 b

TERM Tonga Energy Road Map hoHzxrF—m— K<y
TERM-IU TERM Implementation Unit —

TOP Tonga Pa-Anga KAl X7 B (GEEHNL)
TPL Tonga Power Limited N =R/

UNCBD UN Convention on Biological Diversity M IRMESRA

UNDP United Nations Development Programme [] 38 B 8 G
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No.| Date | Day Mr.Ogawa | Mr.Dei(Consultant) Mr.Kakefuku(Consultant) Stay
Nadi 07:10 — 09:30 Nuku Alofa (FJ211)
1| 127dul'} Tue |G/ to JICA Tonga Office Nuku Alofa
C/C to Embassy of Japan in Tonga
_ Discussion with Tonga Energy Road Map/Implementation Unit
2 | 13-Jul'| Wed Dicussison with Energy Planning Unit of Ministry of Environment and Climate Change Nuku Alofa
C/C to New Zealand AID
C/C to Australian AID
3 | 14-Jul | Thu [C/C and discussion with Electricity Commission Nuku Alofa
Site survey at Popula Power Station
Discussion with Tonga Energy Road Map/Implementation Unit
. |Discussion with Tonga Power Limited (TPL)
41 15-dul Fri Site survey at Popula Power Station Nuku Alofa
5| 16-Jul | Sat |Site survey at wind mast and power distribution lines Nuku Alofa
6 | 17-Jul | Sun |Documentation Nuku Alofa
Documentation
7| 18-Jul | Mon Wrap up meeting with TPL Nuku Alofa
Wrap up meeting with Tonga Energy Road Map/Implementation Unit, and EPU of Ministry of Environment and Climate Change
Report to JICA Tonga Office .
8 [ 19=dul | Tue Report to Embassy of Japan in Tonga On Flight
Nuku Alofa 22:20 —




<YVnEUHE BMFHAE DR (B >

No| Date | Day Ogawa (Jica) Dei (consultant) Kakefuku (consultant) Stay
— 00:25 Auckland(NZ977)
Auckland 06:00 — 08:00 Brisbane (QF124) .
11 20-Jul | Wed Brisbane 09:30 — 13:45 Honiara (IE701) Honiara
C/C to JICA Solomon Office
09:00 Ministryof Mines Energy & Rural Electrification
12| 21-dul | Thu |10:30 Ministry of Environment, Climate Change Honiara
13:30 Solomon Islands Electricity Authority (Lunga Power Plant)
09:00 World Bank
13| 22-Jul | Fri |10:30 Economic Reform Unit, Ministry of Finance, National Reform & Planning Honiara
13:30 Solomon Islands Electricity Authority (Honiara Power Plant)
Honiara 11:10 — 12:30 Port Moresby
14| 23-Jul | Sat [(PX085) (Reserve day for Site Observation) Honiara
Port Moresby 14:20 — 19:55 Narita (PX054)
15| 24-Jul | Sun Documentation Honiara
16| 25-0ul | M Detailed interview of relevant organizations or Site Observation (as necessary) Honi
u on Discussion and Wrap up meeting with MMERE oniara
Report to JICA Solomon Office
17| 26-Jul | Tue Report to Embassy of Japan in Solomon Islands Nadi
Honiara 13:10 — 18:30 Nadi (FJ260)
> = (=] o /= =4
<F U oARILTNE BUMEHA AR (%) >
Date |Day Miyata (Jica) Dei (consultant) Kakefuku (consultant) Stay
Nadi 05:00 — 08:00 Tarawa (FJ231)
(1) 10:00 JICA VC office
28-Jul | Thr|(2) 11:35 Ministry of Public Works and Utilities :MPWU Energy Planning Unit: EPU Tarawa
(3) 13:40 Public Utilities Board :PUB
(4) 16:00 Besio power plant
(5) 09:00 Ministry of Environment, Lands and Agricultural Development: MELAD
29-Jul |Fri |(6) 11:50 Kiribati Solar Energy Company : KSEC Tarawa
(7) 15:00 Bikenibeu power plant
30-Jul | Sat Documentation Tarawa
31-Jul [Sun Documentation Tarawa
(8) 09:30 Ministry of Public Works and Utilities :MPWU Energy Planning Unit: EPU
(9) 10:00 MPWU
(10) 11:00 EU office
1-Aug IMonl(; 1) 19.00 Embassy of Republic of China (Taiwan ) Tarawa
(12) 14:00 Kiribati Copra Mill Company Ltd
(13) 15:30 Batteries disposal company
(14) 14:00 Report to MPWU
2-Aug |Tue|(15) 15:00 Report to PUB Tarawa
(15) 16:00 Report to JICA VC

<74 —3FnE WERR () >
7111 7 ¢ U—E 1A%t (Arai Tadashi SV)
8/4 SPC. PPA. EU. PIFFRIL O = B &k
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Chief Secretary Office
Mr. Casten Nemra, Chief Secretary
Mr. Jefferson Bobo, Special Assistant to Chief Secretary

Ministry of Foreign Affairs
Ms. Annette N. Note, Assistant Secretary
Mr. Carlsen Heine, Foreign Service Officer

Ministry of Resources and Development
Hon. Mattlan Zackhras, Minister
Mr. Nicholas Wardrop, National Energy Advisor
Ms. Angeline C. Heine, National Energy Planner
Mr. Walter Myazoe, Jr., Energy Officer

Secretariat of the Pacific Community
Ms. Arieta Gonelevu, Energy Specialist

Marshalls Energy Company
Mr. David Paul, General Manager
Mr. Steve Wakefield, Chief Technical Officer
Mr. Mike Nation, ADB Consultant
Mr. lan Pickering, Senior Electrical Engineer

College of the Marshall Islands
Mr. William Reiher, Director — Physical Plant

Embassy of Japan
Mr. Koji Matsuda, Second Secretary

JICA Marshall Islands Office
Mr. Junji Ishizuka, Resident Representative

JICA Preparatory Survey Team
Mr. Tadayuki Ogawa, Team Leader
Mr. Tetsuya Takimoto, Planning Management
Mr. Tsutomu Dei, Electric Policy/Renewable Energy and Energy Conservation Planning
Mr. Luis Kakefuku, Diesel power generation facilities operation



< hvA>
Tonga Energy Road Map Implementation Unit
Mr. Lano Fonua, TERM Coordinator
Mr. Vahid Fifita, Technical Analyst

Ministry of Environment and Climate Change
Mr. Ofa Sefana, Energy Planner

Electricity Commission
Mr. Lord Dalgety Q.C., Chairman, Judicial Committee of Privy Council

Tonga Power Limited
Mr. Peter MacGill, Chief Executive Officer
Mr. Michael Lani Ahokava, Generation Manager
Mr. Graham Steven ‘Esau, Finance Manager
Mr. lan Shelton, Distribution Design & Planning Manager
Mr. Nikolasi ‘Osimoni Fonua, Electrical Engineer

New Zealand High Commission
Ms. Chesna Cocker, Second Secretary
Australian High Commission
Ms. Louise Scott, Second Secretary (Development Cooperation)

Embassy of Japan
Mr. Yasuo Takase, Ambassador of Japan
Mr. Yoshimitsu Kawata, Counsellor
Mr. Fumihito Shinohara, Second Secretary
Ms. Hanako Masuhara, Reseacher / Advisor

JICA Tonga Office
Mr. Makoto Tsujimoto, Resident Representative
Mr. Alfred Vaka, Programme Officer

<vVeEr>
Ministry of Mines, Energy & Rural Electrification
Mr. John Korinihona, Director of Energy
Mr. Douglas Alex, Permanent Secretary on Special Duty (Energy)

Ministry of Environment and Climate Change, Disaster Management & Meteorology
Mr. Edward Danitofea, Senior Environment Officer



Mr. Festus Ahikau, Chief Meteorological Officer (climate)

Ministry of Finance, National Reform & Planning
Mr. Mathew Hodge-Kopa, Advisor
Mr. Hayley Kouto, Policy Analyst
Mr. Rexson Ramofafua, Policy Analyst

Solomon Islands Electricity Authority
Mr. Norman Nicholls, General Manager
Mr. Martin B. Sam, Chief Engineer / Deputy General Maneger
Mr. Michael J. Payne, Chief financial Officer
Mr. Dadily Posala, Manager Generation
Mr. Mathew Korinihona, Manager Distribution & Customer Service

World Bank
Ms. Edith Bowles, Country Manager

Tina River Hydro Project
Mr. Mark France, Land Manager
Mr. Fred Corning, Deputy Project Maneger
Mr. Eric Gorapava, Deputy Land Manager

JICA Solomon lIslands Office
Mr. Yoshinobu Takishita, Resident Representative
Mr. Yoko Asano, Project Formulation Adviser

<F U NR>
Ministry of Finance and Economic Development
Mr. Thomas Ruaia, Supporting officer for European Union office in Kiribati

Ministry of Public Works and Utilities
Mr. Tiaon Aukitino, Energy Project Engineer, Energy Planning Unit
Ms. Miriam lakobwa Tikana, Assistant Energy Planner, Energy Planning Unit

Ministry of Environment, Lands and Agricultural Development
Mr. Riibeta Abeta, Climate Change Officer, Environment Conservation Division
Ms. Taati Eria, Environment Education Officer, Environment Conservation Division

Public Utility Board
Mr. Rameka Takirua, Finance Manager, Administration and Finance Department



Mr. Kiriati Birita, Power Engineering Manager, Power Engineering Department

Kiribati Solar Energy Company
Mr. Tiante Tarakia, Chief Executive Officer
Mr. Tokiteba Tawita, Utility Manager, Utility Department
Mr. Tutu Tekanene, Project Management Accountant, Account Department

Kiribati Copra Mill Company
Ms. Katarina Tofinga, Chief Executive Officer
Ms. Paul Peter Tekanene, Production Research and Development Manager

Embassy of the Republic of China (Taiwan) in Kiribati
Mr. Wayne Wang, Third Secretary

JICA/JOCYV Kiribati Office
Mr. Fumio Kinoshita, Volunteer Coordinator

T4 T—>
Secretariat of the Pacific Community
Dr. Abe (JICA Expert)
Mr. Sairusi S Bulai

European Union
Mr. Marius-Adrian OANCEA

Pacific Power Association (PPA)
Mr. Andrew D. Daka
Mr. Gordon Chang

Pacific Islands Forum Secretariat (PIFS)
Mr. Jonathan Mitchell
Mr. Leonaitasi Taukafa

Embassy of Japan
Mr. Kuroki
Mr. Makino

JICA Fiji Office
Mr. Sasaki, Mr. Ito, Mr. Hashimoto
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”
Hik 4, L2 e o 4
RTT = a—X =T EH 462,000 517.1 (2000 4F) 1975
7 4 V—3tFE 18,300 83.7 (2007 4F) 1970
ATRVT -
YuEs#RE 27,600 50.6 (2008 4EHEE) 1978
PN T Y SR 12,200 18.6 (1999 4F) 1980
& 7 ML 2,935 18.8 (2008 EHE5) 1962
N S| 747 10.1 (2006 4F) 1970
RY R T XAl 237 1.8 (2001 %) *
VL 26 0.9 (2002 4£) 1978
=v=x 259 0.14 (2008 “EHERE) S
I a R T HEA 701 10.7 (2000 #F) 1986
* U N2 AEFnE 810 9.2 (2005 4F) 1979
A= ~— v Vg e R E 181 5.1 (1999 4) 1986
T I 488 1.9 (2005 4) 1994
F USRI E 21 1.0 (2002 4) 1968

W) 7y 7#BAC=YyiE=a—U =T FL AHRESBRICH D A G K
HL : AARESNBE Y =7 %A b

KIEPEFE S 7 +— 7 & (Pacific Islands Forum : PIF) &, KEEMN M 3517 530S [E e OV H 1R
2 XGRS U 7o U 0 B i 22 BRFSBUR O BLY £ L O 21T HHERITH 5, 2005 FIZPE S 7
PIF M2V T, REFM MBI I 2 0GR 2 IR A BRFE Rt & LT T 4 v 7« T T
MRESNTND

2010 4F 8 AIIAX T Y EHOR— M E T TH 4L BIREE#E 7 +— 7 A0Sz, 74—
TLATIE, HESREIAAR - KRGS 7+ —7 2Eliai ORBE- Y Iy M) THRIRsa: T
WHET A T X —REF ] IV REFERBEILE R (Pacific Environment Community) 254 (PR,

[PEC #4x) &F9) (68 {EM) ML INT=Z ENARBEINTWD, PEC &1L, KPEHE
}:/@kwwm XOBANZLDZXEZAMIZLTND, EHIZ, 74 —7 AL TIE, 2010 25
03 FIZBT LNV T v« TT7OBFEHAIZOWTHBER N TTONL, BEINLTWDL Y
d—T b Al 2=k D e RVEFER—IEEEREFEEES  (Council of Regional Organizations in the
Pacific : CROP) N /L F—8p 2B LT, BBHFHEIC ﬁé&ﬁf%kmf@%@}\HLTEﬂ@*J
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B/ OEREBEEOEBNFEICEHL X, ~— vy 2 X =A% (MEC) NW¥EK 4 FE
i L CWb, MEC I, FEICHLEERIRME DAL L EKEHEDEIN £ TENFEDO DMK
DWNWTHEEZFHEITA-TVD,

V=¥ DT RF—BUROBARERE A 3 — 112~ 3, EPD X, MRD @ FH[fHAk &
L CEHERAXF—FHESCBOREICET 2 B 217> C\\W5bH, £72, EPD T KGR EED
AR ALK OE =RV —DOHELIT> TWDHEHRTH 5, MEC IXEUF 2 HIRNT
L7chifk & L CoEFE, BIMOA & IT7E K ORGE, FHAFRET RV —0E A & HERFE
AT TW5D, BREmZMEY T HEEE - BORKHHER (OEPPC) ., MK OB BUR & Hklk
A FH I 4 025 4 2 R BOR - 3HE - $RHR (EPPSO) 23, KTHE=ROEEMKRE & LTH 5,
Energy Action Plan Ti&, TRIZFE S TWDHMMEDIEZNIT, ABEE . WBE. MEA LR
HNH— e ZRAT T —ADHEEGEETHDL L INTWND,

Marshall Energy Office of the President

Ministry of Resources and
Development (MRD)

Energy Planning Division (EPD)

/ Energy planning and coordination

/ Energy policy review & implementation

/ Public-private energy program partnership
promotion

/ Investigation of energy service funding
opportunities

/ Ensure standards, especially for solar
equipment

/ Establish national energy database

Company

| Electricity generation and
distribution

/ Petroleum fuel purchase,
storage and sale

/ RE installation, operation
and maintenance

Economic Policy,
Planning and
Starategics Offices
(EPPSO)

/ Overall development
policy

/ Energy sector finance

/ Donor liaison

Office of
Environmental
Planning and Policy
Coordination
(OEPPC)

/ Environmental aspects of
energy

/ Focal point for Kyoto
protocol (GHGs) and GEF

Hi# : Volume 2: Energy Action Plan (2009-2011)

M3—1 I—YvLEBRRFIRILT—EMOEEHE
TRAX— « ZRAT T —AD A N —% FElI AT,

- BPHPA%¥4E (MRD)

- A4 %548  (Ministry of Foreign Affairs)

- W4  (Ministry of Internal Affairs)

- RREBOR - FHE - FEEHR  (EPPSO)

- BREEEME - BURFHHE R (OEPPC)

- v Y o BRIEBEFEM LR 4 (Majuro Atoll Waste Company)

- v — Ty /L)L X —/ft (Marshalls Energy Company)



(2) B R O E MR
B~ Y 2 u OREIERIE, FEFTND 13,800V O 3 7 f —F TEEIN TN D, LB
12T 4,160V F TREJE L T, FHIXICHHREL T D, GLZEE o il ¢ 13k EAESR2S, H
PEFEMR O M TR B E RS RS E S CE Y | HURE 208V F 72 1% 3 #H 4 % 208V/120V
ICEESNTFEZICE MG EZ LTS, 70 —F 1 OZ%EUAL, KOVT7 — & 3 [THiF %
%éhfbéoMHH_iék\%Mé%&LT%8%®V}?ADZﬁﬁﬁéﬂTwé

3—2 BAARIAILF—EFIRILF—BERVHE
(1) BOR KOV E
Y=Yy DL D REBEEIC L T, MARBIOKRGFEABD ST L2 L, RO X
N —RZEREOHMNOLEETH D, ~— ¥ v /b, BEREE LT, 100% % #i ABREHZ K
FLTCWS, 2, BREHNIEZRORKBAMLE TH Y, BEFETRMAREO 350 1 E
ZHEL WD
ZOXI RO T, v — v x VEBUFIE, 2009 49 HIZ TEZR T R/ X —BOK K OITE)
G AER L7z, TOH T, UTFOHEZREL TV D,
- 2015 A F TITHAR AL 100% D, B 5 Hiusk Tl 95% D AL 24T 9
« 2020 FFE TIZZ R X —0D 20%% FHAFRET R L X — TR T 5,
* 2020 F F Tl MR K OV e ¥ % A B i 5% 0 50%., B BE G % 0 75% D = % L —F]
M4 m E3w 5,
- 2015 £ % TIZ MEC O = R /L ¥ — it o 2 & 20%(KI5 T %,

(2) HAEMREZ R LT —DE RN ERT v L

~— v LE, NASA OF —Z |2 &k % LAEEE) A28 5.44 (kWh/mP/day) & K& <, K
YR T oy LOREVETH D, TDD, ZTHEHEOBEGICB W TEL OXBERE
BN EAINTND, vV a2 B, HAICEVEASINTEREGHERES AT LDBH 5,
~— v LIRS (College of Marshall IslandS’CMI) TIE, SREEH R S TR A & 5TKW
®K%t%ﬁ/17A@%Aéﬂ1wé BiERICIE. %9 1,600 5D SHS, KON 6 DA i

WCKGHRE L AT LD, MECIZX WV EASHHRFE TV D
it\mM®K%t%%mw P HE U C s a7 23 5% %éﬂfkb ) 1A OB 2
fTon T, FHEEIT, 5 10mph (4.47m/s) TH D, ~ ¥ 2w FZiZid, e o/NEE
HERMEPEAINLTND

~— /¥WTﬂ%T%@A4ﬁvX§ﬁ&LTH77@%6 T4 — B EK 1 SR E
AT TNORERINTAA A BREHICEET 22 E A ADBIZ L TSN Tnd, LavL,
BEDEZA, NAFT 4 —BREL R OZE O A A~ ZAGFIT, BEBEWTHH ST
AV

(3) BT X—DIEHRI
=YX VT, WS OPDEZRXAFXF—IZET I T r Y= PREREIIL TS, MEC
EMRD IZXY, vV anmEBo—#itaz x5 & LTH 1,000 O HEVEER D 2= 0 By vagl
JITICAZHE N TV D, BFTICE LTk, £ 700 OZRO BB A ZhER O B LED VY —



F—HIT R I E N T WS, BEIERIE LT, X7 by hOERR., T VT HEROF
BTOA Xy BINEOIE#FHN T T 5,

3—3 TA4—EILEREZRHEDERRKR
(1) EIIRMEOBZE
1) FEHH
#E3—1IZARHE L~ — 2 v VEORERMO E/otEE% 73, No.l BRI 5 k.
No.2 BEIZ 2HAFH THDT 4 —BNLBEMNFEI N TV D

R3—1 T—IvIILORBEHRHBOE LR

R HiJy (kw) 5 .
No. | IR EIRE (rpm)
1 2,500 1,800 450 | Peilstick 10P.C 2V MK2
2 2,500 2,400 450 | Peilstick 10P.C 2V MK2
No.1 & & 3 2,500 0 450 | Peilstick 10P.C 2V MK2
4 2,500 0 450 | Peilstick 10P.C 2V MK2
5 3,300 1,800 720 | Catapillar 3616
6 6,400 5,000 600 | Deutz BV16M640
No2 f /5 7 6,400 5,000 600 | Deutz BV16M640
At 26,100 16,000

i 3R AE AR

2) RLALnT

X 3 — 212 2003 5 2008 FFRiZBIF A~V a2, Uy — FMEORT 3V DFEMEIEE
BhHEZRT, MEY, ~—T %L Tid, 2005 % E—7 & L CEDEEESEHEINIC
b, T, REHERHEMIZ LV ESEHESBETRE SN AHIENEAINTEY, ITF
DT 4 —B/VREHIRE O @EmEIZ LY, EBXREEHEMA LR L, Hox A BT 4 TR
RSENTND Z &R0, 2006 LA~ ¥ 2 v O RFAKRERIELE A—"—v—7 v F LR
LIz ENERIELEEZEZLND,

£3—2 T—INILTASVREART—4
(HAZ : kWh)

2003 4 2004 4 2005 4 2006 4 2007 4 2008 4

[SEI(3 20,625,812 | 20,625,812 | 22,195,168 | 21,599,522 | 21,387,468 21,337,845

B B8 11,374,123 | 11,374,123 | 11,021,668 8,164,211 9,521,295 8,194,685

(B 23,593,125 | 23,593,125 22,701,248 21,613,347 20,446,921 17,256,604

B 4,731,948 4,731,948 4,816,015 5,384,018 5,640,133 5,595,506

EREF 60,325,008 | 60,325,008 | 60,734,099 | 56,761,098 | 56,995,817 52,384,640

O - AR R R
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i1,

20034 20044 20054 20064 20074 20084

62,000,000

60,000,000

58,000,000

56,000,000 -

@ 54,000,000

EMFEBEEGRWh)

52,000,000 -

50,000,000

48,000,000

gt B ATLEBEIC 51T 5 CDM 71 ¥ = 7 MMpatis
3—2 HAMEHE (2003~2008 F)

Ht =3 o L KPEM U A 2B L7= 2 U — v R L — 3 A 3 W 2
K3—3 HAMHMKE (AEHE)

3) BEIRNOHER
v —I Y NT AT R, v VanfiNOREIX NOWBREHRS — 31077, BE A
MIREE R O BT L 2 BIMERNICH D,

#3—8 TTo2O0MADHEIX DR

(BT : USc/kWh)
2000 4F | 2001 4F | 2002 4% | 2003 4% | 2004 4F | 2005 4 | 2006 4F
FE A B 5.9 6.6 5.1 5.8 7.6 11.5 12.6
L TR VR




HEBIARLOER(TT20HNA)

14

12 —
S 10 |
4
N
A
N 8
Y]
~ /\
'rlz 6 > \/r
i

4 +
%R

2

0

2000 2001 2002 2003 2004 2005 2006

H : ~— 2 e LV RPEMN R 206 LTz 7 ) — o = oL 5 — NG 3 it &
K3—4 HEBEIRXF

(2) BEOWRH

MEC B EATHMNIZ 2 DD /XD — 7 2R3 H L TV 5, No.l BERIZEE 30 404 E 2N
LTWbZemb, @EAOHEBEM L, £z, BOEH (BELTTFr—7LEy ) O%
EXEAMS TN | IR OCLEMROFUITOVWTHET L ZENEELY, £
7o, 2006 fFFIZREBIE NI KA AL TR Y | BHEE L OVER (ENLR E) ORENRR
HNEEZOND,

—J7. No.2 BRIZHOWTIE, 10 FFREE & Nol BRBICH A H LW &b, FF
N ERVASE =LA E SNV (WA /Il

(3) T4 —PAREHDIRT

No.l BERIZERE DT ¢ — BB S D 5 H D 2 B3, 2006 DK KIZ K 5508 T
TERWVIRILTH D, No2 BERICEREDT 4 —ELREH 2O 5B LS, BUEEH SR
HThHD,
BAIETICONTIE, BRRDOT 4 —BAREBHEOHSIEFHIL25.7TMW TH Y | T
TRV THD L, EFSMPTHL LR EEEET D L. BETREL T 145MW
LB, LLRNG, lKEED 6 5 (6.2MW) 23 F AR AT EE 72k 2 48 E L 7= Firm
Capacity (X 8.3MW & 720 | RfAM O —2FES (8.IMW) ZHiGT 252 ERNEEL 725,
ISBNEIZOWTIE, T 4 — B R EHO BT (D) SR 7> TRY
B AT E U RSB ERE N b K E7e EOFARRE= RV X — 03 K EH A
ENTHAOHAEBHIENCKT L IS EEO SABRE SN D, 2. BEBKRORIIZS
WT 3L 4 BBUSMIRL & Bbhdh, EMAR L A — N —R— L SR G E AT
PIUTWLDONRREEE 5, (50,000 FrfEEELERE S V)

(4) JEkss
REHZIZT ¢ — BV S TR Y . —EROFEERIZ OV TIIFE & A 9 2 ek



WEEBEBNRBEEIN TS, BB, 7 4 — P AREEIITREHTEFHIRBE S ATV RN
728, SBREOMEMRRNBEIND,

PREME F BHIE A~ OB A DWW T, 3 a3) y Y i & ROBRRE & 3 2 3B e B v #H
FH05 ADB OXRICE DV Effi s s TETH D,

WHEIBAFRIZ DWW TIE, Nol BRICHEDOT + — B/ RERIITHEABRFEHINTEY
No2 BEDT 4 —BAREEONWTNE T Vo —F =% H L7-mEA G E 72> TWD N,
TV X —DHEBNEEHET D720, A o N—F —OEANCWKREFAT 2 HRKA~DE
FIZOWTHRHORMNH 5, 728, WAFAOHEATTXUTZA LEILL EOnHIZ, BUKE O
BRMTONTWD D, AHEBJIZOWTEEORMN S 5,

BAEIRICOWTIL, HEFICLIIBRERALN, 4%, BEMICO 0 EHT 581375 5
DORRNBMETH D, FICEEEZETLIORRINTEY V7 ThDH, HEICLIDERENEL
SEELWVRILTH Y, MABRBOREINTRNZENDLRZEELWETHIONEE LU,

Ql

(5) EAHRH

SO L, HAREE NVEERBIIA XL —Z ORBRNS FETIThhTW\5,
BT B B E G EILE (AFC) DNEH SN TR O3, BRI ERED S 4 O [BIERE 2 bt
RFICREE T 20@Es (AN 7Y —iflR) COEHANRIN TS, ERMIZ6 FHENT 5
Ba~N—2n— e LTHERL, 158, 2 5BAOT7 SHITREANIC L - THiBhEE &
LCGERALTWS, #EA EOEREE B EEEIL 60Hz+1.0Hz TH Y | EEOE B EFEIX
120V45V £ 72> TV 5,

BB DWW TIE, BEHEEN2NZ Enn | EREBREY (NOx) KO HEER{LY (SOx) .
HEEDE BT T O Ty,

FEMERORENEEBIIEHEIN TV, BEHEERIEHEIL TV RN b,

FRLED, AT F AR NI TN THREDREZBET D L, SEEHEOET, RER
EOREBLEHTHZENLEE L,

3—4 REBRODRMERIZEIDT A —EILRERFEADEZERVREEREZERSEIGAD
TA—ELREXRFEDERRERE
(1) BEFTOERLEICLD T T MhfEkE
MEC BB TIZ 1 SHNS 7 5 E T, BHEDOT 4 — BV RERMPELE SN TR,
Fa=y OIS — TEEE B ORBICE S E FEITAME TSN TWD, 207D,
77 v NEROBRENEE &% /N &I D 726D OfR A far il 47 il 18 (Economic Load Dispatching
Control : EDC) OB x FHHATHZ LICLY, 7T MEIKOREFE LT 5729
DIXENBEZBND,
ZOIEH, FEEHOEEE ORSE - EHRLEEZ T — 2 X—2 (b L, #&HEHLEICONT
MRS KR T H 2 L bRFTORMMR B 5,

(2) BlAERMMA EOWEIELIC X D ELE 1 2K

MECIZ k% &, BEBRE NCEEROBENAREL, ZHEEIELE L TR 8RICDIED T A
T A ANEERINTWD, EHEEO/NSWSHLEOE B T OBTITIEFITA X



J MR3HY ., FEREBBHEOIRFILELZT 4 —EBEAREBIKGFLTWDL I D, Eide
2% 1%EH T EITERRBREIE OBIIC RN 5 Z NI a5, i, ko sk
D, EFEOBXEEO EFIC X0 ENDHEEEIIEOMEMICH Y . DATCHE SN EERRE
ENAMICKH L TBRERS>THVHHIELBEELTNDEDZ ETHD, ZOHE, BN
O (EAME) TAMAERIIHPDOOLTHRAEL, BERBBEEDPRELLRDIZEHBEL K
L B s, BUROENFEICRAAG ST EEREEOHE FLRMLETH D,

ZDOLIBRMNS MEC R EZ Y I 2L —r g v L, BIROARAEREICK L TR
KE (B, BER) BDEIELR-oTWEE I MERL, LEIZE L TRHA % b
THLERD DL, MAT, TNORIEERET — X X—Z2b L CTEMMICEGT T 5720 DK
N E EINL TV D,

83—5 RIREEHRADEYMBH
(1) M=
BREZEHE - BURFH® )R (OEPPC) 1%, ¥~ — ¥ ¥ L ORUEZLEFEFICE T 2 BEHEETH 5,
KA REEFS R ELJE OBERE & L C 2003 4R ICFR Y SN TV 5, KBS B i 255 (UN Framework
Convention on Climate Change : UNFCCC) X°. ML ERMES#) (UN Convention on Biological
Diversity : UNCBD) 72 EOENIMZIBIT 2T X TORKE I v 77 LEOFELZH Y L TW\D,
2001 4= |Z5R E S 4u7= “Vision 2018, the strategic development framework 2003-2018” % J& (2 fE
i & 4172 OEPPC DR MR 22 P& & HAE O EHIEH 2 L F IR,

<EHHIEEE (5~10 £E[H) >
MRS SLS 7 U T Y TNy A - A F =X I (Clearing-House Mechanism :
CHM) & U TERE & Rl fIBAFEIC D W THE U L VA B I B3 IR B 21T 5
- W72 RGN D B BUR DA ) = XL HFHLT D,
- RESIE O M98 & 2 RN 5,
CBREERE, EMSARE, KO THGRREICE T 5, BRI OBEMSE L2720 OIEE 2179,
s RWEEE), AMSERME L BHGREEICE L CBUR 2 LR 72 13T 5,
M b R OIS IR & IR SR A P B B 2 JEEREE S o ISR

(2) BREZZESHM (EIA)

BRBE R Al (Environmental Impact Assessment : EIA) (ZBI-9~ 2 FH 4R 1%, BRBEs &k
DOBEE%# R (Environment Protection Authority : EPA) TH 5, ~— 3 v /L CTEfE S5 B
BT =l MIEPA ~HEEELITIMERH D, ~— v/ TlE, 1984 FITHilE STz,
[EZ BrbE{f %75 (National Environmental Protection Act) . & T~ 1988 4EIZHHIE S 7= 10 R i#
£ (Coast Conservation Act) (ZEESWTEIADHIEI LTV D,

(3) 7 U—2Pi3 A5 =X 2 (Clean Development Mechanism : CDM)

v — Y VT RAGEEEIZ 1998 4 3 H 17 HIZE4 L 2003 48 A 11 HIZHHRE L T\ 5,
BED L Z A EEZEKE (Designated National Authority : DNA) D& EkIZITH TR,



3—6
(1)

b F— (BABAEESE) ohrem
TRV —IE - BT R F—

“Efficient and Renewable Public Lighting for Urban Centers”

- IUCN ([EBR B A REEES)

- THRHE : USD 500,000

R OEBEOEEREIT 2, LED XY — T — IR EIC T 5,

“Improved Energy Supply for Poor Households”

- ADB : HABUFE R K4 (Japan Fund for Poverty Reduction : JFPR)

- THEBIM : USD 2,390,000 (JFPR : USD 1,760,000)

CENRBICEE ST e WRERHE I LY R REXEEAT D, T —ELRE

(2)

B 1 SR % S TR ICEOE T 5,

FAEFTRE = R L —

“The Support to the Energy Sector in Five ACP Pacific Island Countries” (REP-5)

- EDF 9th

- PHHBUE : 1238 552 —n

«REP-5 (X, KIEMDO 5 HE (I 77, oL, oo, RS54 w—3 ¥ Lk

) 2RGE Lz, BAFRERZ RV —RUE XL —DREZHHE L7 a s T A,
~— v )L EICIE, 400 5D SHS 78 REP-5 TEA SN TW5H,

“North Pacific ACP Renewable Energy and Efficiency Programme” (EU NORTH-REP)

- EDF 10th

- THEEM 14475 H2—1 (MRI: 45 FF2—n)

= UXVREREDIENIT, I 7R T E L AT ARHEE, AR LD

AR OBz RV —DREEEZ B E LTUW5D, 1,500 5D SHS B ICEAIND TET
H5D,

“Action for the Development of Marshall Islands Renewable Energies” (ADMIRE)

- EEBHFEEHE (UNDP) . OEPPC

- THHAL . USD 2,650,000 (GEF : USD 1,000,000)

- ADMIRE (/AR RT RN X —HAZRET 272007 w77 L5 THLD, NMERK. 1%

BRI TR B O LR R IE B 21T - T D,



(3) ¥ ERM

“EU_EDF 10”
(HNT : €)
A ENVELOPE 5,300,000
Marshall Islands RENEWABLE ENERGY 4,500,000
NON-FOCAL AREA 800,000
B ENVELOPE 500,000

Hl : PRIP 7 = 79 A K

“PEC 47

- PHEME . USD 4 million

- RAER KGR E LT  —BAREDONA T Y v RIEE L WRRKEIER, =287k
AN— =D A,

(4) Z=oft
~— 3y VIR FITCKE O Compact #4312 L W 57KWh 0 5% #7887 7 KRR Ot 36 BB % i 3
BHAINTEY, HRINDITETHD,

3—7 wIUA—ITHBITHREELSEHD JICADHGHDETEEHE
APHEOFER., Bl 71 (BIRHE) OV TUTO=— AR T D 2 LN TE M, ikt
LETOPEM RN ESND THE, BARMEAGEE X, FMEEREHE BN TEY
Aa—TERETLAREMERH D Z &%%ﬁ_ﬁ%LT%%%fwé

(1) SSM (Supply-Side Management) (Z X % =3 /L ¥ — Az Dk

THXNAX—HBMV AT LAOMEAT v 7L LT, TTIIAREK - fIEOFEICEIT -

M E2ITO D BESINTED, v — V¥ L TIEHUTOBANOTREY A FOE T RIZ

DWTIE, WO T T A4V T ¢ BHAHNTERNE O LB s b,

- BUFfiEk OBEREEIZ OV TIE, MBEE T L TV EITSo TN L TOEIEOA &
YT AT EICS W, D), MRD TIIIEWIE 2R CA R FTA I T AR &
KO HEOEAZRF L TRBY, FEMOE=RIZ OV TIEFRBHELEIC LY KE722%)
RSN D0, BARFIZOWTIIRETH D,

- v — U XL TIE 2005 HEAEE—2 L L TENEERTCICHEEZEBBAERIICH D, 2

UL, BREMEEAGIC L 0 BEREES BEBFRE SN AHENEAINTEBY , THFEOT 1 —

BVBREHIRE O BB X 0 BREEEANA B L BRCE =R A vy T 0 TR Fn
TWHZ EERLTWD,

* GEF/UNDP|Z &% ADMIRE (2L V| TR VX —ZhROELN =T 2 2 W~ R A 1
MEEDLRE, BRXDBIZOWTE R —IC X2 8FENRIRY HAERED LN TND

32011 4E 6 AW OBHEAR TIL., M T 35.8USc/kWh, 27 11 T 41.8USc/kWh, 22 4E il T 42.8 USc/kWh & 72 > T 5,



DD, BRI RNIC=RZ VX —FIHBRILIZ OV TOXZEEIZO W T, B> ED
FEBCE B O EAEHIC LD SSM ~DO XL LT, UTORNELHRFT S
e LT,

1) BEHOERNEICLD T T MhEdE

MEC ¥ &EHT CliX 1 5~ 7 B OEEET + — BN FBERHE I EE SN TWDHN, £
= N OEERNZ — N TEEE B ORBRICE S X FEITAME S I TWD, ZDkH, 7
TV N REOBEHEE R R/ T DO ORFAMESHIE (EDC) OF 2 &8 AT
LIk, IV N ERROREN R RKECTDTODIENEEZ BN D, £ Dfth,

FEEFTOEIRE OLRSF - BHFERE T —F X—2 b L, BMEHALEIC OV TEL < Z4E
TLHLILEbMAORMDD D,
2) Bl A & O E LI X D EE v A K

MECIZ X% &, BEMI NICEEGRORENRRE L, RSk E LT 8%IZD féy
AT LAa ARFEELSN TN D, liﬁiwméw%mlm 1R T Z O TIRIEF I
YRT MMBY, FREBEBEHEOIFIEEEET 0 —BAREL J&ﬁum\a_m@\
LﬁHX%1%%@?%%&%k@%ﬂ%@%ﬁﬂo&ﬁé:kﬁ%ﬁéﬂéoMﬁ\%

o LBV ITEOBESE LD R . BB EIIRDEAICH Y . DIANCHE S
T Ea R BN AMITR LTl k&@ofméﬁﬁ%%ibfwé&® EThb, O
Bt AEHFOSHE (BAMWHE) FAMAEEIC bbb%#%%b BIEBMRBENRKEL R
éﬁaﬁﬁ%k%<@5_&ﬁ6\ﬁ%@$ﬁ B o - BIEARAE RO IEALA M E
Thb,

ZOX IR MEC ZEEAKE Y I 2L —va v L, BIROARERICH L T#F
AR (B, ZER) DHEELRSTHWEINE I DHERL, LEICSL TRIFA R L
LT 2HERH DL, M T, TNORMEREZT — X X— 2L L CTEMBICEHT 57
HORFIEHENRLEN TN D,

(2) AR RV —IZ X DHERMOEANTHE

I)EET%I*W¥—%@&T@ﬁf@% AR D il BERR B B

BEOERHTIX, BAETREZ ALY I 2 RERMEZ S, FEFOBFHBER
fiiz MEC OENRMITHERT D &I m%mfw@m DF Y FERIME RO R
TEDHDIEIMECDODATHY %@@@ﬁ%@@Aﬁ%%mW%%m RET DL EITIE,
MEC DR #E & 1308 L 72 A SEEE TOEA LDFED LI TR, KB ERESL R E
2. BAERRTRLF—IC ;é%a&ﬁi w%*# FOHABRKRELEEFTLHZ L
Mo, FEENZE LB NG ES 51 RAHEREIABRO LN T ENREEL
W, LLARS, v — vy L TIEEFRR z%ﬁﬁ%%ﬁ#%ﬁénfﬁ6f\ww
FrEoOA—2 N7 U7 NEEFZNRERAIC ;D@% HET L TWARIMTH Y . L)
DUNEIRHE] « A RTA LV OBANLEENTWD, T, KBEEBEIZOWTIX, v—
VX NVENON—RT =27 vay BN TH PV EV2— RTRINLTEY, %D
B MBE FICL Y RFERPHEICBOTHEARENS LA EERDH D Z &b,
B« AL L CRBERERAGIZEHT 5 2 L RROETWD,



2) HAMET LT —HARFEIZONTOMRE

ERMRDFTEOA—A R Z U T ANEMRICL D L, = U= CILRMARIC L TR 20
~25% D KGN ENBEICHEA S, 74 —EAREEO T U TBGERHRE S LT
BEOHINDY . ~— ¥ MCBNT bIFRMICHETRET R X —IC L5 REAR
D, RHEOBARFICE S ZENRBEEINTWD, ZD7D, HLIEREE L THRHEMT
KR AT LRWIGE . BAFREED LRZ A5 & & HIiT, 52 BRE L THRREM
THREZFEM L2 IGEICEAFRRRAERL AWM 5 Z L RO LN TND, BRI R
ELTE, T =Bz D ORI AT AT 2 EFAITATICEH T 5, HD0IE
PLC (Programmable Logic Controller) %3 A L Ci¥ILEM A EIH 5 & W o 7ok 5N
Zx b, BHMHREBEZ NS, ZHOXROERMATREMEIC OV THRET 22 LI
%,

3) PV T —BnnA 7Y v FIEERMOFE - FEk S

(2)

=V LT BERBICBWTEEROT ¢ — B VI BRI OB 2 BT 2 8L
5. KB HELONA TV v FEERMOEAZFEL TS, 2L PV T4 —E
oA TV RIEBERRAE & G - ZFT 27201, BFEOBHFERRE, 71 — B %%
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Ministry of Environment & Climate Tonga Power Tonga Energy Electricity
Change (MECC) Limited Road Map Commission
1: Technical & Sustainable Development (TPL) (TERM) / Regulatory Agency
2: Conservation / Power Generation / Petroleum Supply / Electricity Act
3: Climate Change / Distribution / Supply Side
4: Energy / Planning & Design Management

I /Demand Side
Energy Planning Unit Management
/ Renewable Energy /Renewable energy
/ Petroleum & Gas
/ Energy Efficiency
/ Energy Statistics & Database
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74 —EBAEBHOFAHANIC IMW O KBEEHEEZERT DFHEICOVTO EIA 23,
TPL. Meridian Energy ft, TERM IZ XV & T LT3, Z® EIA TlX, KEHEIEEOEAID
L0 FRH 1,700~1,900 (MWh) OREENFFI NS, T XD K 425,000~475,000
Uy hAOT 4 —EBABRELE 1,100 kD CO N EAMFRINT 2 2 LN TE 5, @k
FRPICERBEICH 2 B L LT, B TEHICB T 2B AKROMRE, R OEERRICE K FE %
Bl ERFETONATWD, ok, EEMGHZIL, RBEICEZ 228 I3MmD TP
RNERELTND,

(3) 7V —2BRA I =X2 (CDM)
ko HIE, B HEEIZ 2008 4E 1 H 14 HICHHRE LT\ b, #aﬁ%%sa (DNA) D% E
2B L Cix, BIfE. TERM & MECC THig S TV A IRILIC

4—6 fthrFF— (BRBHAKEET) OHHEMA
(1) =RV F—2F - Fox X —78
“Village Network Upgrade Project”
- NZAID |2 k& v EfE ¥ &
- THEHBI : NZD 5.8 million



cLETHERPELS, B 2 XA EM@ L. #7 RO OB+ 2 Z Lz AfE L

LTwWa,

“Energy Efficiency Regulation”

- Renewable Energy and Energy Efficiency Partnership (REEEP) (Z & v 5k T /&
- Bl R (TA)

- THE B : TOP 0.1 million

(2) FAERRET R/LF—430F
“1.0 MW Solar PV farm”
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7= [IDistributed Generation Policy Guide and Information Pack| 23&% %, L2>L72 6,
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F—=A LTV T =m0 —U =TV ROEWERELZFIHT 2L, A4 K74 TR SN

TWb,
<fh FF—ic L2 HENCETA27eye s >

tt#R “Reform of energy bill and regulation of energy sector”
REEEP/TA “Regulation of energy efficiency”



< BE AL HE >
Standards Electrical Code of Practice AS/NZS 3000 (Above 10kW)
— Electrical Installations (known as the Australian/New Zealand Wiring Rules)
Australian Standard 4777.2 and Australian Standard 4777.3 (Less than 10kW)
New Zealand “EEA Guide for the Connection of Generating Plant”
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/ Energy Efficiency

/ Energy Statistics & Database

Tina River HPD Project
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/ WB, EIB
it FEFER
M5—1 YVAOEVBFIRLX—EMOEEHE

(2) BRI o R
HENAR =7 7 (Honiara) O XEEIEMRIT. 33/11KV OZEZE R VI EERICEL Y . VoA
(Lungga) 7 « —EI/LFEFTE Honiara 7 —EBAREHMOOEEINTWD, A=TF1
I 11kV BLFEMR D R Rt 2 ARk U R ZEHE ~ DO AR1E 11kv/415V OEJERIC KV EBE%
415V ICKEE L. 3 FH 4 MRBELBIUC L VT TV D, EREIC L 2A T 2135 28% TH Y |
T = AN ARKII0%, ST = AN AR 18% THDH EHESN TS, TFRLF
—NRAEUET DI OIS AR ERICET AT EL EMF TH D,



5—2 BAAREIRILF—EAIRILF—BERRERUHE
(1) BOR M O

YR ENL 992 DE A PO SNTEY . AHIEHK 559,198 ATH D, Vvt it
LR (2FE) 13, $15%TH %, REEEP ® “Encyclopedia of Energy” 2k % &AR=7
T OBEAFILT2%TH D D23 L, AL D 85%% 58 2 B O BEAFILK 10% & (K MVELS
o TW5, YRELVDLHREBEEICE T, %Aﬁﬂﬁ@@fﬁéﬁﬁéﬁéikﬁ
EROTRXINX—ZRREOBENOEETHDL, Y rELTiE, EHMEOITE AL Z
ANIREHT L2 R HEITKFEL TV D

AT FNX—DOHET, =X — Mg D EF LREREY X7 2EMIE5TFEE LT,
KOLANRFEOOESDTHD, EHIT, BAEMREZRALX—0E AT, EEGIRE S
THLEEBIT, MARBOHEEL KM I L7-OICHERGETH D,
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Sustainable Energy Program (SISEP)” 7m ¥ =7 F2MTbhTW\Wb, Yuv=7 FOHME
L. SIEA DAL, v A7 AMEEER OCMBRUOBENET LN TNWD, AT rYx
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— 5T, BEEHMOFEHNIHE vITORL TRy, KHOMEENEZHD S8 57004
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5—8 T4—EILEEBRFEDERIKRR
(1) EIIRMOME
1) %\’éﬂ:’ﬂm
#5— 1ICARME LY 2T OREXMO Lotk Z "7, Lungga FEFTEEIC
. Honiara BEFTEREIC 3. A THOT 1 —BAREBEMIREINL TS,

®5—1 VYOEVOELHEBZREOLH

e 2=y h ) (kw) GRS "
F B4 — — fi %

No. £ FI A AT EE (rpm)
5 1,500 900 500 Minlees-Blackstone
6 2,900 2,200 750 GEC Alstom
7 4,200 3,300 750 Wartsila

Lungga

8 4,300 3,300 750 Wartsila
9 4,200 4,200 750 Mitsubishi

10 4,300 4,200 750 Nigata




Honiara

1 1,700 0 1,500 | FG Wilson (FEIL)
2 1,700 600 1,500 FG Wilson
3 1,700 0 1,500 FG Wilson (iff)

i R E R

2) R Adfr
X5 — 22 HAfMREZ =T, BE, KKRRARMPEFD 1AMW TH 5,

Hi#t : Volumel-Loss Reduction Study-Final Report_rev2

K5—2 E—VA&fEKAOBATR/E (2010 F)

2010 AEJE D YV u E 2RO I E R 83.6GWh, 2000 4JE D 61.7GWh 72 H 3B 45 L3
¥ 2.19GWh T, 4[] 2.62% DM RiAEN 5, 2011 41T 85.79GWh & TAHRE L 5,

SIEA Total Energy Growth (Gwh) 2000 to 2011
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i : AA Monthly Statistical Update

5—4 E—7&fiEEk. Em

Hid : Volumel-Loss Reduction Study-Final Report_rev2
M5—-5 ®KEN
£5—2 BERHEEK (SUMMARY OF SIEA TARIFF ADJUSTMENTS)
(KL = $/kWh)
TOTAL TARIFF
DATE FUEL TARIFF
Domestic Commercial High Voltage
1-Jan 0.9520 4.4653 4.8659 4.7161
1-Apr 0.4501 3.9633 4.3640 4.2142
2009 1-Jul 0.3457 3.8589 4.2596 4.1098
1-Oct 0.6647 4.1779 4.5786 4.4288
1-Jan - - - -
1-Apr 0.5328 3.9266 4.3136 4.1689
2010 1-Jul 0.5397 3.9335 4.3205 4.1758
1-Oct 0.0000 3.9335 4.3205 4.1758

Hid : New Tariff Regulation Computations, January 2011
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Honiara & AT O B XM O RFEIZ OV TIHENLETH 5, T OO BRI OWT
WTRFICRIEIZ A DI o T,

(5) IEARD

FHREAIIT P R HE > AT AIFE SN T LT, HIENIEET ¢ — B LR EMICEE
i SN TV D AMAELSY « BIEEHEEE I TIThhCn b, BRITRFEAmOATHY | JH
WHAERTAHEITITbR Ty, EBL TWST  — A RERB A TAMSHEL, &
HOBAREKHR L TWD,

i oo JE A0S B B AR MBI 50HZz 2% CTHh D |, EBEOEBEEIEE X 230V =LV L7225 T
W5, FER EOKNT A—2 (R, ES, BENEEE, BEERLE) 1T Ttk
Y ANGAVASAN

BE, BEIKREDORESICTEHET 4 —EAREROBRRKHAZHIRENTEY, LR
ST, BEREBEICBW CRERIEHDAAIETHL Z N RARUENLETH S,

BREEMICOWTIL, BBERRNZ D, PETAFOEREEIEY (NOx) K OiEE{LY
(SOx) . HEDEHIIITHLIL TR,
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FIZUTO 2HBIZOWTIHXENARETH 5,
O FHEEREHROER L > THDLHMAKZHOLBENR LA TH LA, HEIZED
SISEP THHIKRZHEAKETH IV R—FX LV PR TESNTWLE-ORBENLETH D,
W HEIK KLl e O EIKRIR DN 7 T v 7 REMERIREDT R/NA A LAHET
b5,
@ BELOEY N HONWTOREINME (A ROHER E25E) ICBT 2B K mN
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(2) Bl
Ve TIHEREBEICLIRAETRIIN 2% THY, TDHL, /T 7 =T a AR
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2E R ARG EE G T) | 232011 4 AIZET~ RS, Zhico- &b | SIEA
ISR DO T, T 7=V aAF V) T 7 =hn ADRETLEEIT) TETH D,
IO, BRI O 7 AMERBUZ OV TEEMN I 2 E T 5 Z L IXREER R TH D,

5—5 RIREEHHRADEYMBH
(1) #=
Y uE Ly TRIEZEEN R ZHY LTV DOk, BREE - R4 K54 (Ministry of Environment,
Conservation and Meteorology : MECM) DB 5ifki# /) (Environment and Conservation Division :
ECD) Toh 5, F7-HpB@EIGITENGHE (National Adaptation Programme of Action) <°%5 Ik [E]
AR5 #E  (Second National Communication) OfER7: EHH Y LTV 5,

EDC O F 2 IFENAEZ LU FIZrRT,
- BRESECETLAN, BRI

- WS RENE O G & AR

- BEIEW)EER & NED Ik

- BRETGET

< SRR DS HE

- REICET O REE

- Ffoe rTRE 72 BRFE I BT 5 [ %

(2) BRELZENM (EIA)
EIAJ A B4 13, 2010 4£IZ MECA IZ L W ER STV D,

(3) ZVU—VBi3A B =X (CDM)

VuE Ik, REGEEEIC 1998 429 H 29 HIZEA L TH Y, 2003 4 3 H 13 HIZHifE L
TW5, BIfE, MMERE (38 @EZFEHE (DNA) & L CESARNITHIL UNFCCC (28 6%
HEEH CTd 5, GEF/UNDP K TN UNFCCC D 3% 52 1) T, 2008 4 11 A I [ Bi5E hiA T 8h &
(NAPA) Z5ER L TV 5,

5—6 fhtk+r— (FRBHAREEL) OHHEIR
(1) =XNVF—=FhR - HFxx )L ¥ —p8
“Solomon Islands Sustainable Energy Program (SISEP)”
- R X 0 FEhE
- PHEHHE - USD 4 millions
* SIEA O A7 MMEREMER L, EEROLGE R R EUELZAFEL LTWD,



(2) FAEFRET R/ X —478F
“Tina River Hydro-Power Development Project”
- . AusAID. EKINEHAT (EIB). EE&m At (IFC)
- THERHUME : nla
+ 2015 T LT E. i A & 15MW

“Promoting Access to Renewable Energy in the Pacific”

- ADB D # 34 (TA)

- PHEEUE : USD 3.6 millions (Y BEY, NT T =a—F=7 NXTYV)
- aaf vyl (CNO) ZIEH LIEAA AT 4 —EBLHE

(3) ¥ ERM

“EU_EDF 10~
(BT - €)
A ENVELOPE 13,200,000
SUSTAINABLE RURAL DEVELOPMENT 11.220 000
Solomon Islands WITH CAPACITY BUILDING —
NON-FOCAL AREA 1,980,000
B ENVELOPE 3,300,000

HI# : PRIP U = 791

“PEC 4"

- THEIAL . USD 4 millions

- B HUE 2 5T SHS 4700 XA HAT 5, BRI N7Z Y OF®IT8OW L7725, =k
7R R R = DFRE W P
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FH6E FUNREIIRBTIHE - TR

6—1 BAEIV—#R (BERFEOERKREFET)
(1) &hker 22—

XU ANRIRE (LLF, U2 L30T) Tk, AILFESE (Ministry of Public Works and
Utilities : MPWU) RENE 7 ¥ — %2 5= 3 VX —HME2EE L T\5, MPWU I, ZD
L DJERELZE W e EOANSERFEE L EEL T D, MPWU N T, =% /LX—J& (Energy
Planning Unit : EPU) & 17 ¥ —% G x X —HMEZHY LT\ 5,

FEMOREEFOENFEICEAL TR, ~dFEAH (Public Utilities Board : PUB) 7%
WA FEM LTV D, PUB L, FEEITLE BRI O] A7) & BB DU £ TEHFE
DEFIZONWTHELZFH TA->TWND,

F U ARZO T X —HAOBRE A TIXIZ <7, EPU X, MPMU O Tk s L CHE
FT RN —FECE RS I CET 2%5 417> T 5D, PUBIIREY 7 U DES - L TFAKEIC
%LTgﬁ%%ooik\%ﬁ@%ﬂkT%&U%m%ﬁofwé KEEFEEIZE LTl
BT A OENMEREESETH D F U N2 K= %0 ¥ — At (Kiribati Solar Energy
Company : KSEC) 7%, BEEIZEITH SHS #iEH Lo FEbFEE2 MY LT\ 5, BREEIC
B L CITEREE - i - REBI4E (Ministry of Environment, Lands, and Agricultural
Development : MEALD) ®O#REEFR7# R (Environment and Conservation Division : ECD) 734H34
LTWD, FUNZROZRALF—EROBEMEZM6 — 11277,

Ministry of Environment,
Ministry of Public Works and Utilities (MPWU) Lands, and Agricultural
Development

Energy Planning Unit | |Public Utilities Board Kiribati Solar Energy Environment and

(EPUL) (PUB) Company (KSEC) Conservation Division

/ Energy planning and / Power Generation and / Solar Home System / Biodiversity & Conservation

coordination Distribution / Rural Electrification / Chemical and Waste

/ Energy policy review & [ Water Supply and /Installation of SHS management

implementation Sewerage / Project Management / Climate Change

/ Establish national energy / Petroleum fuel purchase, | Staff Training / Development Control (EIA)

database storage and sale / Media & Public Awareness
/ Operation & Maintennce

HISL : AR R
K6—1 FUYNREBMIILF—EBMOEEHE

(2) AR o= R
F 4 70 TlX, 11kV OHFEERS LSRR E L TR SN TV D, FEFITH L TX
11kV/400V D Hb FHaE RIS 48 &£ 72 134 EEESRIC LV EBIE % 400V IZBEE LG 21T - T
W5, wsr&%&%%é%&Lf%ms%@yxrAmx#ﬁﬁéhfméo:*w¥~
NREYET D7D, KEFEEEE NS (PPA) NERLEMICE T 5F& 4 2011 42 A
IZFEHE LT\ 5,



6—2 BAEAREIRILF—EAIRILF—BERRERUHE
(1) BOR M O
XU NADEFBHFFHE “Kiribati Development Plan (KDP) 2008-2011” @ “Development
Strategies” 2B HRRFERE E EREROIE T, #AREOMKZEENC X 228 % /R
2T B HEE L THARMRT RV — LS i?’rﬁ%m@%ﬂﬁﬁ@jﬁ%#aﬂﬁi TV
AT EESW T, 2009 4EiZ “Kiribati National Energy Policy (KNEP)” MR E & hi=, T DWW
RIILTO LB,
- BETREEOTE 2ENMHE, BERXOERED D, FEAZRHH & OB A 2 (L
Téo
IR T 5 BRES A DR
Efot 5 JAfiA% DN % HESE
. T A & 53R BRI O 4 BT IE DO HEdE
BHEEITBIT D AR XL — & RO R R
. f)fafﬁi{i&()\% DA D BAEERIT J 0 RE SV ERE & O G & R

(2) AR RLEF—DEARNE RT3 v L

FUARZE, NASA DF —ZIZ L5 EAEFH HE &S 5.95 (kWh/m’lday) & k& <. KB
HART U VOEWETH S, BESICIE, Z2<OKREBHEBENEAINTND, KSEC IZ
K%L, 2010 FIZFEEIZEAIN TV D KGR E ORI EIT 200kW L EI1Z72 5, SHS
(100W) 231521 A, 21 =2=7 41 « B ¥ —IZHEAEZ SHS (200~600W) 7% 70 &b
%, SHS X KSEC 23T L. f#U T % B4 TR & B 21T © Fee for service /7= Tl e I i
TW2%, SHS OFIHEEIZ AUDIH TH Y | EMAFFOIHEHIZ AUDI Th 5, RiFH R
DKBHIEE LT, PEC & EIEH LT 180kW LI | & 72 2 8% A B O Mgk 2 5 A9 5 &t
E3H 5,

AZVTICEY, ZJUV AT AR EZOM2 B TRUBHNEHEINLTWND, £, 4 &Y
TICED YL HER L T2 FREHCOWTCEIERBR N ER SN TWND, S AN
T4 —BREL LIRS (T0%/ 31 ABEE, 30%T « —EB L) S&h. bT v ZBRELE LCED

NTWD, WHONA FTAFEGERHE N BB 7 e =7 ML VARSI TS

g={1113

(3) A= /)LF—DIHFENRDL

FUANRRZBIT LD, B X —ICBTLEH iﬁEfEEl’JT“L%Zo AR AR Ol #S L
FAZEWVENEMS EF L TWnD, £207), & AT L EmICH D, KEGEFHEE
Z HWTZHTATR 40 DSV BEA I TV D03, %‘E%%fi#%ﬁj WE SN TWRNWED, 1FEA
CHREL TV RWREBICH D, i, RIS 0= L X =R GE L LT, ERERIC
B4 %A & LT, “Quantification of Power System Energy Losses in Southern Pacific Utilities”
3. PPAIZ LY 2011 4E 2 AICER S TR Y . B REEN 2011 FRE TITRHsh D T
ETHD,



6—3 Ta4—EILEREBEZKDERIK
(1)  EIREOPEE
1) FEERX

#6—11Z @EELK#UNXE®%%§T®E@E%%%¢ONV?(%M)%%

Aric 18, v/ =17 (Bikenibeu) FEATIZ 3. SR 4D T  — B REHI R E
nTng

£6—1 FUNRDELREFZHDOMLE

O I I o I 1 %
Betio 1 1,250 750 | Daihatsu DK-26
1 1,400 750 | Daihatsu
Bikenibeu 2 1,400 750 | Daihatsu
3 1,400 750 | Daihatsu

SRR kAR (35

2) SR A

= e =N =] e,

2010 FD i KE /I EIT 5 A @ 1,893,950kWh & ix KESIAMTIX 4 A D 4,490kW & 72> T

WD,
== B > —\\
®6—2 2010FHREE-E—/O0—FrT—4%

Data for Load March 2011
Year 2010 Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Generated kWh 1787650| 1693120 1841640| 1822240 1893950| 1841320 1845630| 1823210 1809490| 1796710 1747170| 1739190
Total Billed kWh 1474731| 1457331 1353318 1434702 1349964| 1395846| 1358734| 1433782 1439841| 1425759 1422894| 1630015
Billed kWh - Dom 594838 610845 577990 625708 558960 556268 614700 628345 581223 605075 541783 641475
Billed kWh = Comm 318344 296842 253505 259784 216158 220762 246475 238604 236684 217415 269720 258120
Billed kWh - Ind 561549 549644 521823 549210 574846 618816 497559 566833 621934 603269 611391 730420
Total Sales $$ 806109 792352 735900 777611 744863 777098 729733 779353 798019 783897 793033 909850
Sales $$ - Dom 237935 244338 231196 250283 223584 222507 245880 251338 232489 242030 216713 256590
Sales $§ - Comm 175089 163263 139428 142881 118887 121419 135561 131232 130176 119578 148346 141966
Sales §$ - Ind 393084 384751 365276 384447 402392 433171 348291 396783 435354 422288 427974 511294
Peak Load kW 3310 4170 3910 4490 4420 3890 4240 3460 4280 3340 3830 3840
PF - from loaded DEG 0.97 0.97 0.96 0.95 0.97 0.96 0.97 0.97 0.95 0.95 0.96 0.97
DEG 1 PF (at peak load) 0.89 0.89 0.91 0.91 0.94 0.9 0.93 off 0.93 0.92 0.92 0.95
DEG 3 PF (at peak load) 0.97 0.97 0.98 0.95 0.97 0.96 0.93 0.97 0.95 0.95 0.95 0.96
DEG 4 PF (at peak load) off| 0.98 0.96 0.95 0.97 0.92 0.97 0.97 0.94 off| 0.96 0.97
DEG 5 PF (at peak load) 0.97 0.96 0.96 0.92 0.95 0.82 0.97 0.97 0.96 0.95 0.95 0.96

Hi B8t : Data for Load Loss Quantification Mar 2011.




Hi i : Kiribati Country Visit (final comments)

6—2 2009 FEMBEHNEREXNHEED

B 6 — 21ZR-F L DIT, FHODOFHT8: 0075 F 4% 17 : 00 (ITIXpEHE & pHFEAR 2 H > —
. —RAMIIERE O T LD,

3500
3000 /—Q—.—N_\
2500
2000 -
=¢-=Tuesday 7, December
1500 - 2010
1000 == Saturday 11,December
2010
500
0 T T T T T T T T T T T T T T T T T T T T T T T 1
= o o o o o o o o o o o
T (=) (=) (=) (=) =) (=) (=) (=) (=) =) (=)
o (a\] < (e} [ee] o o < (o} [ee] o o~
(=] — — — — — o~ o
<
(a\]

Hidh . KEMA Survey Energy Loss
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BIRICHbR EixAaond, £/, RN S AAROBESRENR & FRICLERINTE
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%, Betio FEEFTIZIX 1.25MW O F ¢ —EB /LI BN 1 &, Bikenibeu FEFTIZIX LAMW O F
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TECHNICAL MEMORANDUM
FOR
THE PREPARATORY SURVEY
ON
FORMULATION OF SELF-SUFFICIENT ENERGY SUPPLY
IN ISLANDS AREA

(KINGDOM OF TONGA)

Nuku’alofa, July 19, 2011

PREPARATORY SURVEY TEAM

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)



The Preparatory Survey Team (hereinafter referred to as “the Team”) headed by Mr. Tadayuki OGAWA
was organized by the Japan International Cooperation Agency (hereinafter referred to as “JICA”), and
the Team was sent to the Kingdom of Tonga (hereinafter referred to as “Tonga”) for a project
formulation of energy sector in islands area.

We had a series of discussion on “Formulation of self-sufficient energy supply in islands area” with the
officials of Tonga Energy Road Map Implementation Unit, Energy Planning Unit of Ministry of
Environment and Climate Change, Energy Commission, Tonga Power Limited (TPL), related active
donors and other organizations from July 12 to July 19, 2011. This technical memorandum was prepared
to share the result of survey and findings by the Team to the major counterparts in Tonga. A list of
participants attended the discussions is shown in Annex 1, and itinerary of the Team is shown in Annex
2.

It was explained by the Team and understood by Tonga side that the implementation of the

preparatory survey does not necessarily commit future possible cooperation. When the project is

finally adopted, JICA Tonga Office will inform through the official channel.

1. Background

It is said that Island countries in Oceania will be heavily affected by sea level rise mainly due to
Greenhouse Gas (GHG) emission. Therefore, those countries are under pressures to challenge a task of
adaptation by the climate change. On the other hand, electric power sector in island countries continue
to depend on diesel power generation which emits a lot of GHG.

All the fuels for diesel power generation are imported, and the cost of power supply is extremely high in
outer islands due to transport cost of fuels etc. Accordingly, electricity tariffs in islands area generally
tend to be high. However, those tariffs have not reached the cost recovery level and normally
governments in island countries provide subsidy to keep a certain level of tariffs. Especially, island
countries develop a sense of crisis due to fuel cost elevation and flagging economy affected by financial
and economic crisis in 2008. Also, fuel prices are expected to rise sharply as “peak oil” is passed. As a
result, urgent countermeasures need to be introduced to lower dependency on diesel power generation.
The expected solutions will be the combined introduction of renewable energy, supply side management,
and energy efficiency and conservation.

2. Purpose of the Survey
The Government of Japan expressed the policy to assist programme to contribute to measures against
climate change. In accordance with the background mentioned above, JICA decided to explore
cooperation approach for electric power sector of island countries in Oceania to reduce the oil
dependency for power supply, which will contribute to improve energy security by increasing
self-sufficiency of energy supply. At present, following approaches are expected,;
(1) Improving efficiency of energy and electricity utilization through developing energy conservation
policy and regulation.
(2) Improving efficiency of existing power network system which is consisted of diesel power
generation facilities and distribution networks.



(3) Diversification of energy supply through introducing renewable energy such as solar photovoltaic
system.

Based on the description above, this Preparatory Survey aims at considering JICA’s cooperation
approach to power sector in island countries through collection of information and analysis on
development issues, relevant policies and other donors’ assistance in power sector of island countries

paying attention to a viewpoint of climate change remedies.

3. Findings

3-1. General

Kingdom of Tonga is consists of four island groups, Tongatapu, Ha'apai, Vava'u and Niuas, with 176
islands. The Tongan population is around 101,000 and that of Tongatapu Island is the largest as 72,045,
which represents 71% of the total population.

Reduction of dependence on imported fossil fuel is important for islands nations in terms of national
energy security. All grid-supplied electricity, which accounts for over 98% of electricity used in Tonga,
is generated using imported diesel fuel.

Implementation of energy efficiency is becoming one of the most effective means of mitigating rising
energy prices and tackling environmental risks. The introduction of renewable energy is also effective in
reducing consumption of imported fossil fuel.

3-2. Electric Policy

In the “Electricity Commission Annual Report 2009 — 2010 energy road map is mentioned. Energy
Road Map is a high level strategic policy document to the Commission. In the policy, importance of
energy efficiency and renewable energy are mentioned as shown below.

« Practical solution to reduce Tonga’s vulnerability to future adverse oil price movement.

» Increasing access to quality electricity supply (from the current 90% of Tonga’s population who have
access to electricity).

+ Maximising appropriate renewable energy sources

- Efficient supply chain arrangements

“Tonga Energy Road Map 2010-2020” is established in June 2010. Tonga Energy Road Map is
developed by a joint effort among the Government of Tonga (GoT), Tonga Power Ltd. (TPL) and the
development partners. The principles and target of TERM are as shown below.
e least cost approach to meet the objective of reducing Tonga’s vulnerability to oil
price increases and shocks;
e managing risk including with respect to the sequencing and timing of new
investments and to the extent feasible development of a portfolio of options to meet
the demand for electricity;

e long term financial sustainability in the electricity sector;



e social and environmental sustainability; and
e clear, appropriate and effective definition of roles for government, TPL, and the

private sector.

Government target:

50% of electricity should be provided through renewable sources by 2012

3-3. Renewable Energy

Being the tropics, there is an abundance of solar energy in Tonga. There are many solar PV system
installed in outer island. According to the report of “Program Grant Aid for Environment and Climate
Change” which conducted by JICA, already 813 of Solar Home System have been introduced outer
islands. In addition, there are private users who purchase PV system in town and install by himself.
There is a 1.28 kW capacity of solar PV pump.

As for grid connected PV system, a 30 kW system will be installed at Viola Hospital under “the Project
for Upgrading and Refurbishment of Viola Hospital (Phase 1) by Japanese Government.

Wind monitoring is being carried out at 1 site and will be conducted at other 3 sites. There are many
solar water heaters, especially hotels in Nuku’alofa. There is no power generation system by biomass

resources in Tonga.

3-4. Energy Efficiency & Conservation

According to the TERM Appendix 1, the technical and non-technical losses through the transmission
and distribution system have averaged 15.6% since 2006. The technical losses in the lines and
transformers might be between 8 and 12% for the Tongatapu power network. On the other hand,
non-technical losses should be between 3 and 7%. The loss is amounted through bad meters, errors in
meter reading and un-metered consumption. However, this magnitude is modest relative to international
statistics but there is insufficient data to confirm the breakdown between these two loss categories.

The project of 150 LED Street Lights installation is completed by the TERM-1U and TPL. The results of
pilot project shows that the LED Street Light reduces power consumption by 35.3% and running costs
by 41.4% compared to the existing 150W Street Light. A full project for replacing of all 3,500
streetlights on Tongatapu is now being developed. In addition, energy efficiency and conservation of
government buildings and air-conditioner are being considered under the TERM.

In February 2011, Public Awareness Campaign for Energy Efficiency was commenced through radio
and newspapers. This campaign provides simple energy saving measures to reduce electricity
consumption and power bills. The radio announcements are made both in English and Tongan.

3-5. Operation of Diesel Generator

3-5-1 Condition of power facility

(1) Power house

Overall plant and its operation are in good condition. No major degradations were detected on the
building itself and inside of the plant is well- organized similar to the power plants in remote islands of
Okinawa. Diesel generators were also well-maintained. There are six generator sets (#1-#6) installed in

3



the power house #1. Clearance between each generator seemed to be rather narrow considering the work
space required for maintenance, especially for the inspection of cooling system (intercoolers). On the
other hand, power house #2 where unit #7 is installed is more spacious compared to the power house #1,
thus there should be no space issues with implementing maintenance inspections.

(2) Condition of diesel generators

There are six (6) 1,400KW diesel generators in power house #1 and one (1) 2,880kW diesel generator in
power house #2 totaling the output capacity of 11.28MW. Since peak load is 8.5MW, there is a margin
of 2.78MW that can be used.

Operation is managed well since each generator is periodically inspected, and data for fuel consumption,
temperature, and pressure, etc are reviewed after each inspection.

Diesel generators in the power plant #1 are controlled with a central controlling system, and the unit #7
in the power plant #2 that is used as base road, is controlled manually.

Responsiveness is fast enough to handle the certain degree of output variation along with introduction of
large amount of renewable energy such as photovoltaic power due to the use of digital governor (speed
control device).

(3) Peripheral equipment
Overall condition is good and there isn’t major salt corrosion with power equipment installed near the
coast line. Layout of peripheral devices for unit #7 in power house #2 is designed well, thus
maintenance and inspection can be done easily. In addition, piping for cooling and fuel systems are
organized in unified color so that operators can easily recognize the type of system. Conditions of each
system are described in below.
1) Fuel system
Fuel consumption is controlled for each generator.
There is one (1) outdoor fuel tank able to store 10 days worth fuel. As an additional equipment of
fuel tank, improvement of fire extinguishment system is recommended.
2) Cooling system
Cooling system for unit #1 through #6 utilizes sea water while unit #7 employs radiators system.
As for the unit #7, use of seawater cooling method is recommended in terms of saving in-house
power consumption.
Since seawater intake is about 20 meters offshore, frequency of screen cleaning should be less.
3) Electrical system
Outdoor transformer has a caution sign, but the installation of safety fence is also recommended.
There were no other major issues detected with electrical system.

3-5-2 Operating condition

Load dispatching for each diesel generator is managed by capacity ratio of each unit, and management
of grid load is controlled by a central master system controlling the digital governor of #1 to #6 diesel
generators. The central master system does not include the control of the unit #7 and not respond to the



frequency variation of the grid (Not equipped with AFC automatic frequency control).

Target frequency control value is 50Hz+5%, and 230V+10V for the voltage. Following operational
parameters of diesel generators including temperature, pressure, fuel consumption, and generation
amount are also recorded. As for the environmental management, there are no regulations established
yet; therefore, emission control for nitrogen oxide (NOXx), sulfur oxides (Sox), and ash dusts are not

implemented.

3-6. Major Projects supported by donors
There are some projects on energy efficiency, conservation and renewable energy supported by donors.
a. Energy Efficiency & Conservation
1)“Tongan Village Network Upgrade Project”
Implement organization: NZAID
Project Cost: NZD 5.8 M
Replacement of low voltage distribution networks in rural and suburban villages. Target of the
project is 70 villages in Tongatapu. The overall objective of the project is to provide safe, efficient
and reliable electricity distribution networks to households and businesses in rural and suburban

villages on Tongatapu.

2) “Energy Efficiency Regulation”
Implement organization: Renewable Energy & Energy Efficiency Partnership (REEEP)
(Technical Assistance)
Project Cost: TOP 0.1M

b. Renewable Energy

1)“1.5 MW Solar PV farm”
Install 1.5 MW Solar PV farm at TPL power plant area.
Implement organization: A joint venture between NZAID, the World Bank, Tonga Power
Limited, Government of Tonga and Meridian Energy
Project Cost: TOP 9.0 M

2)*“Solar Home System” (Program Grant Aid for Environment and Climate Change)
Project will introduce clean energy through the installation of solar home systems in the outer
island communities of Vava’u, ‘Atata & ‘Eueiki.
Implement organization: JICA
Project Cost: TOP$11 M

3-7. Others

Components of SHS are available at private shop in town. However, incomes are low for most people
in outer islands, and capital cost is unaffordable. In Nuku’alofa, retail price of secondhand PV module
with 85Wp capacity is TOP 500, and new PV module with same capacity is TOP 960.



4. Envisaged Needs for Future Cooperation

Through discussion with related counterparts and site reconnaissance at TPL power plant, following
items could be confirmed as possible needs for future technical cooperation by JICA. However, it shall
be noted that not all items might be covered by the possible technical cooperation project due to the
constraint of total budget.

4-1.Technical assistance to introduce regulations and/or guidelines for interconnection of
distributed generators by renewable energy

(1) Regulations and guidelines for grid-interconnection

There is a “Distributed Generation Policy Guide and Information Pack” which TPL prepared based on
the policy of “New Zealand’s Orion Networks and Network Tasman”. However, the guide is more
focused on application procedure of system owner who want to interconnect generator to grid. Currently,
private companies or individuals are allowed to interconnect their own generators (incl. renewable
energy sources) to the TPL power system. Applicants are supposed to approach Electricity Commission
for the application of grid-interconnection, but TPL has authority to issue a permission or license. As for
the technical aspect, relating Australian and New Zealand standards are introduced in the guideline.

Project on regulation by other donors

Reform of energy bill and regulation of energy sector: WB
Regulation of energy efficiency: Renewable Energy & Energy Efficiency Partnership
(REEEP) / Technical Assistance

Standard for Installation
Standards Electrical Code of Practice AS/NZS 3000 (Above 10kW)
— Electrical Installations (known as the Australian/New Zealand Wiring Rules)
Australian Standard 4777.2 and Australian Standard 4777.3) (Less than 10kW)
New Zealand “EEA Guide for the Connection of Generating Plant”

There is no technical guideline for interconnection of renewable energy specialized for Tonga. It is
required to prepare technical guideline for grid connected renewable energy generation system. In the
study, contents of Australian and New Zealand standards have to be reviewed and modified if necessary.
In addition, technical guideline of Japan has to be referred to create an appropriate technical guideline
for Tonga.

It is expected that many property owners will request to apply for grid-interconnection in near future, as
the initial investment for PV system goes down recently. TPL raised an issue of sustainable operation
and maintenance of PV system installed on residential rooftop. Thus necessary manuals for the
operation and maintenance need to be provided for both PV contractors and owners. Therefore, both
sides confirmed that introduction of regulations and/or guidelines for interconnection of distributed
generators by renewable energy is a necessary issue. This institutional study would also include



investigation and analysis of existing laws or regulations, suggestion of modification of those if
necessary.

(2) Maximum capacity for grid-interconnection

The study will incorporate methodology to calculate maximum allowable capacity of renewable energy,
for initial stage without modification and later with modification of existing equipment such as storage
system. In the future to increase more the capacity of renewable energy connected to the grid, private or
government electric facilities can be surveyed in detail to study the possibility of absorption of
fluctuations in load caused by these renewable energy facilities.

As the capacity of power system will change over time, it is important that TPL personnel could learn
the methodology working with Japanese experts.

4-2. Technical assistance to minimize supply side losses through optimum operation management
(1) Power Plant
Overall plant and its operation are in good condition, so there are not many issues to improve
efficiency (Power station service loss is between 2 and 3% of the gross generation.) There is only a
possibility to assist technically in two points, first in the design of the cooling system of DEG set#7
changing the actual radiator cooling method to the sea water cooling system . And second advising
about safety issues in the use of fuels likes in accordance with Japanese standards.

(*k work programmed in 2013 when the unit #8 is installed)

(2) Distribution System

TPL has obtained the support of NZAid to rehabilitate and upgrade low-voltage networks in some
villages and, based on a preliminary survey, TPL is expecting to reduce both technical and non-technical
losses at that end of the network by up to 10%. TPL staff has also identified numerous sections of the
transmission network where line capacities are too low for the power being carried and where the
insulators are too small for the rated voltage.

To plan, design and operate transmission systems with appropriate capacity based on the actual demand,
studies in detail of the grid are necessary. According to the TERM, TPL has not had the capacity to
survey the actual state of their entire networks so are not able to explicitly link loss reductions to
investments. Technical assistance in this area can be done by Japanese experts and introduce simulation
tool for whole TPL network to manage the system loss.

5. Way Forward

Based on the results of this Preparatory Survey, the Team will consult with the authorities concerned in
Japan for appropriateness of extending technical cooperation. The final decision will be made in several
months after receiving official request from Government of Tonga. Again, it is important for both

sides to understand that at the stage of the Preparatory Survey, no commitment is made from the




Japanese side concerning the realization of the Project.

If the contents of the request are authorized, JICA will dispatch another Preparatory Survey Team
(Detailed Planning Survey Team) for finalizing the Scope of Work on “Formulation of
self-sufficiency energy supply in islands area”.
Expected rough schedule is shown as follows;
End of August 2011: Completion of the Preparatory Survey (this survey)
Around September, 2011: Appraise the appropriateness of technical cooperation by JICA
Around October, 2011:  Submit the Official request to the Embassy of Japan in Tonga
Around January, 2012:  Appraise the appropriateness of technical cooperation by the Government
of Japan
Around February, 2012:  Preparatory Survey (Detailed Planning Survey for finalizing the Scope of
Work)
Around June, 2012: Implementation of the technical cooperation project
(End)
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Mr. Yasuo Takase, Ambassador of Japan
Mr. Yoshimitsu Kawata, Counsellor
Mr. Fumihito Shinohara, Second Secretary
Ms. Hanako Masuhara, Reseacher / Advisor

JICA Tonga Office

Mr. Makoto Tsujimoto, Resident Representative
Mr. Alfred Vaka, Programme Officer
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Itinerary of the Team

Annex 2

No.| Date Day Mr.Ogawa ‘ Mr.Dei(Consultant) ‘ Mr.Kakefuku(Consultant) Stay
Nadi 07:10 — 09:30 Nuku Alofa (FJ211)
1| 12-dul | Tue |G/G to JICA Tonga Office Nuku Alofa
C/C to Embassy of Japan in Tonga
_ Discussion with Tonga Energy Road Map/Implementation Unit
2 | 13-Jul | Wed Dicussison with Energy Planning Unit of Ministry of Environment and Climate Change Nuku Alofa
C/C to New Zealand AID
C/C to Australian AID
3 | 14-Jul | Thu |C/C and discussion with Electricity Commission Nuku Alofa
Site survey at Popula Power Station
Discussion with Tonga Energy Road Map/Implementation Unit
. |Discussion with Tonga Power Limited (TPL)
4] 15-dul Fri Site survey at Popula Power Station Nuku Alofa
5| 16—Jul | Sat |Site survey at wind mast and power distribution lines Nuku Alofa
6 | 17-Jul | Sun |Documentation Nuku Alofa
Documentation
7 | 18=Jul | Mon Wrap up meeting with TPL Nuku Alofa
Wrap up meeting with Tonga Energy Road Map/Implementation Unit, and EPU of Ministry of Environment and Climate Change
Report to JICA Tonga Office .
8 [ 19-Jul | Tue On Flight

Report to Embassy of Japan in Tonga
Nuku Alofa 22:20 —
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TECHNICAL MEMORANDUM
FOR
THE PREPARATORY SURVEY
ON
FORMULATION OF SELF-SUFFICIENT ENERGY SUPPLY
IN ISLANDS AREA

(Solomon Islands)

Honiara, July 25, 2011

PREPARATORY SURVEY TEAM

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)



The Preparatory Survey Team (hereinafter referred to as “the Team”) headed by Mr. Tadayuki OGAWA
was organized by the Japan International Cooperation Agency (hereinafter referred to as “JICA”), and
the Team was sent to the Solomon Islands (hereinafter referred to as “Solomon”) for a project
formulation of energy sector in islands area.

We had a series of discussion on “Formulation of self-sufficient energy supply in islands area” with the
officials of Ministry of Mines, Energy and Rural Electrification, Solomon Islands Energy Authority,
related active donors and other organizations from July 20 to July 25, 2011. This technical
memorandum was prepared to share the result of survey and findings by the Team to the major
counterparts in Solomon. A list of participants attended the discussions is shown in Annex 1, and
itinerary of the Team is shown in Annex 2.

It was explained by the Team and understood by Solomon side that the implementation of the

preparatory survey does not necessarily commit future possible cooperation. When the project is

finally adopted, JICA Solomon Office will inform through the official channel.

1. Background

It is said that Island countries in Oceania will be heavily affected by sea level rise mainly due to
Greenhouse Gas (GHG) emission. Therefore, those countries are under pressures to challenge a task of
adaptation by the climate change. On the other hand, electric power sector in island countries continue
to depend on diesel power generation which emits a lot of GHG.

All the fuels for diesel power generation are imported, and the cost of power supply is extremely high in
outer islands due to transport cost of fuels etc. Accordingly, electricity tariffs in islands area generally
tend to be high. However, those tariffs have not reached the cost recovery level and normally
governments in island countries provide subsidy to keep a certain level of tariffs. Especially, island
countries develop a sense of crisis due to fuel cost elevation and flagging economy affected by financial
and economic crisis in 2008. Also, fuel prices are expected to rise sharply as “peak oil” is passed. As a
result, urgent countermeasures need to be introduced to lower dependency on diesel power generation.
The expected solutions will be the combined introduction of renewable energy, supply side management,
and energy efficiency and conservation.

2. Purpose of the Survey
The Government of Japan expressed the policy to assist programme to contribute to measures against
climate change. In accordance with the background mentioned above, JICA decided to explore
cooperation approach for electric power sector of island countries in Oceania to reduce the oil
dependency for power supply, which will contribute to improve energy security by increasing
self-sufficiency of energy supply. At present, following approaches are expected;
(1) Improving efficiency of energy and electricity utilization through developing energy conservation
policy and regulation.
(2) Improving efficiency of existing power network system which is consisted of diesel power
generation facilities and distribution networks.
(3) Diversification of energy supply through introducing renewable energy such as solar photovoltaic



system.

Based on the description above, this Preparatory Survey aims at considering JICA’s cooperation
approach to power sector in island countries through collection of information and analysis on
development issues, relevant policies and other donors’ assistance in power sector of island countries

paying attention to a viewpoint of climate change remedies.

3. Findings

3-1. General

Solomon Islands is consists of 992 islands. The population of the Solomon is around 559,198. In the
Solomon Islands, national electrification rate is low as around 15%. The electrification rate in Honiara is
around 72%, on the other hand, which of rural area, where 85% of the population lives, is around 10%.
Reduction of dependence on imported fossil fuel is important for islands nations in terms of national
energy security. Almost all generation is based on imported diesel fuel in Solomon.

Implementation of energy efficiency is becoming one of the most effective means of mitigating rising
energy prices and tackling environmental risks. The introduction of renewable energy is also effective in
reducing consumption of imported fossil fuel.

3-2. Electric Policy
In the “Ministry of Mines, Energy and Rural Electrification Cooperate Plan 2011 — 2013” following key
activities are mentioned in energy division.

v" Reform of SIEA to operate commercially to deliver reliable, affordable and efficient electricity
services.

AN

Tina River Hydro Power development

AN

Development of Renewable Energy Scheme in SIEA’s Power Station in the provincial centres,
industrial centres around the country.

Increase access to affordable electricity services to non-electrified areas

Review of Petroleum Storage & Handling Act

National Rural Electrification Programme

Energy Data Base

AN NN NN

Montreal Protocol

3-3. Renewable Energy

(1) Hydro

There is a large hydro-power potential in the Solomon Islands as around 326MW in total. Currently,
Feasibility study on Tina Hydro power station project which has 15MW of installed capacity is being
carried out by World Bank. The construction work will be completed by the end of 2015. There are two
mini-hydro power stations owned by SIEA, installed capacity are 150kW and 30kW respectively.
However, those two mini-hydro power stations are out of operation currently. Other mini or micro hydro



power stations are being operated by NGO, private and community as isolated system.

(2) Solar

Being the tropics, there is an abundance of solar energy in the Solomon. There are many solar PV
system installed in outer island. Especially, many Solar Home System (SHS) have been provided to
rural population by Taiwan embassy as donation. There are some NGOs and private companies that
working on introduction of SHS in Solomon. There is no grid connected PV system in the Solomon.

(3) Biomass

Copra is one of the most expectable biomass resources in the Solomon. Copra is being exported around
20,000 tons per year which equivalent of approximately 12 million litres of diesel fuel. There is no
power station and plan using other biomass resources such as woody biomass.

(4) Wind, Geothermal

There are potential of wind and geothermal as other renewable energies. Wind monitoring will be
carried out at 4 sites and there are two candidate sites for geothermal power plant. However there is no
implementation plan.

3-4. Energy Efficiency & Conservation

The project “Solomon Islands Sustainable Energy Program (SISEP)” is being implemented under World
Bank to improve energy efficiency from supply side. The objective is to improve the operational
efficiency, system reliability and financial sustainability of the SIEA. In the project, energy efficiency
has to be improved by reduction of technical losses such as distribution loss. And also, it is important to
improve non-technical losses such as miss reading of power meter. On the other hand, demand side
management activities are limited in the Solomon. For the purpose of reduction of power consumption
during night, replacement of existing streets lights to LED is not carried out. And activity on energy
audit is so limited. As for power conservation activity, awareness rising on energy efficiency is being
carried out through Radio, TV and newspaper.

3-5. Operation of Diesel Generator

3-5-1 Condition of Power Facility

(1) Power house

*Lunga Power Plant

No major deteriorations and issues were found with power house construction. A power house
containing unit # 5 through #10 is well-designed for operation and maintenance securing enough
clearance between the generators. Displacement of the unit #4 (removed) and outdoor yard needs to be
reorganized since they are currently scattered with old spare parts.

*Honiara Power Plant

There was only roof installed to protect diesel generators and electric board without walls; therefore,
equipments are exposed to the elements such as rain, wind and dusts. Units #1 to #3 that are under the
roof have no major issues with maintenance spaces, but operating noise could be an issue in the future.



(2) Condition of diesel generators

= Lunga Power Plant

Although total generation capacity of unit #5 to #10 in a power house is 21.166MW, there is output
limitation for each generator due to the failures with cooling water system making the actual capacity to
be about 17MW. Therefore, urgent improvement of cooling system is necessary. Actual capacity of the
plant is 10.8MW due #7 maintenance, #6 replacements of the main shaft and #5 leaks in the radiator.
The maximum output of 11.4AMW including Honiara actual power plant capacity does not secure
adequate reserve against about 14MW peak load. For this reason, interconnection of renewable energy
is difficult at this time.

As for the maintenance inspection of each diesel generator, inspections are implemented according to
the operation hours. However, because of frequent failures with older equipment, reconsideration of
inspection cycles for those is necessary such as to shorten its cycles.

*Honiara Power Plant

This plant has three generators, but unit #1 is discontinued due to the lack of maintenance, and #3 needs
reparation works after connecting rod problem, only unit #2 is running but it has output limitation of
600kW due problems in the cooling system.

All three generators require extensive maintenance, especially with electrical equipment, meters on
control board, and deteriorated cables. Besides that, entrance of dusts into each board is also concerned
because of lack of walls for power facility.

(3) Peripheral equipment

= Lunga Power Plant

There are no major issues with indoor equipment conditions. Peripheral devices are well-arranged to
perform daily inspections and maintenance, and piping for cooling and fuel systems etc are organized in
unified color so that operators can easily recognize the type of system. Failures with measuring devices
and inadequate measuring were detected.

As for outdoor equipment, heat retention of exhaust gas ducts and silencer, maintenance and cleaning of
cooling system pipes and radiators requires more works. Since water from a spring is utilized for
radiator in cooling system, scale buildups are easy to deposit on the radiator fins. Overall improvement
seemed to be necessary for the cooling system, specifically to add a water treatment device. Outdoor
fuel storage tank is in good condition. However, installation of fire extinguishment system should be
considered.

*Honiara Power Plant

Diesel generators are in compact construction and not needs space for peripheral equipments. Cooling
water radiator is integrated into diesel generator, and fuel, lubricant oil filters are installed near of the
engine. Installation of fire extinguishment system should be considered for fuel storage tank.



(4) Electrical equipment

Maintenance work is necessary for electrical board in both power plants, and replacement of faulty
measuring device is also recommended. Introduction of a controlling system for diesel generators and
remote monitoring system for power plants in Lunga and Honiara should be considered. Transformers
were secured with safety fence seems to be in good condition. Improvement is necessary for protection
of electrical board in Honiara Power Plant.

3-5-2 Operating condition

Each power plant does not have central monitoring control system, and controlling is implemented by
the load dispatching and speed control device on each diesel generator. Grid load fluctuation is handled
by load sharing between active diesel generators, for grid frequency controlling is not performed. Target
control value for system frequency is 50Hz+2% and 230V+5V for voltage. Operational parameters of
each diesel generator including temperature, pressures etc are not recorded.

As for the environmental management, there is no standard established yet; therefore, emission control
for nitrogen oxides (NOX), sulfur oxides (SOx), and ash dusts are not implemented.

3-6. Major Projects Supported by Donors
There are some projects on energy efficiency, conservation and renewable energy supported by donors.
(1) Energy Efficiency & Conservation
1) “Solomon Islands Sustainable Energy Program (SISEP) “
Implement organization: WB / Grant
Project Cost: US$ 4M
Improve operational efficiency, system reliability and financial sustainability of the SIEA.

(2) Renewable Energy

1) “Tina River Hydro-Power Development Project”
Implement organization: EIB, IFC, AUS, WB
Project Cost: US$ n/a
Hydro-power has the potential to reduce the price of electricity, and replace a large share of
Solomon Islands’ diesel fuel imports, currently used for nearly all the electricity generation.

2)“Promoting Access to Renewable Energy in the Pacific”
Implement organization: ADB / TA
Project Cost: US $3.6 M (Solomon, PNG, Vanuatu)
This project introduces coconut oil (CNO) as biofuel for power generation. Pilot study is being
carried out at a coconut company in Auki. Diesel generator is being operated by dual fuel,
80% of diesel and 20% of CNO. The capacity of generator is 350kVA. Feasibility study on
five Mini-Hydro project sites are being carried out.

3-7. Others
Components of SHS are available at private shop in town. “Willies Electrical and Solar Power”



specializes in solar PV system. The company is selling PV system and conducting user training.

4. Envisaged Needs for Future Cooperation

Through discussion with related counterparts and site reconnaissance at TPL power plant, following
items could be confirmed as possible needs for future technical cooperation by JICA. However, it shall
be noted that not all items might be covered by the possible technical cooperation project due to the
constraint of total budget.

4-1.Technical Assistance to Energy Efficiency and Conservation

In the islands country, energy efficiency and power conservation is one of the most effective means of
mitigating rising energy prices and reducing fuel consumption for power generation. However, compare
to the other countries in the Pacific, current activity on power conservation is limited in the Solomon.
The study will incorporate methodology to simulate effectiveness of replacing existing streets light to
LED in Honiara. In addition, effectiveness of energy conservation by replacement of currently using
air-conditioner, refrigerator and other electrical apparatus to high efficiency one will be simulated.
Energy audit such as for government building has to be carried out and the methodology will be
transferred to SIEA.

4-2. Technical Assistance to Minimize Supply Side Losses through Optimum Operation
Management

(1) Generation equipment

Technological assistance is capable in following two areas.

i. Improvement of cooling system, which is being a cause of output limitation with generators, is
necessary. Provision of suggestions in water treatment equipment and backup for the cooling
system and its capacity assessment is capable.

ii. Provision of guidance in safety standard in fuel handling (referring to Japanese fire protection

law)

(2) Distribution equipment

Total distribution loss in Solomon system is about 28%, and about 18 % is estimated as non-technical
loss. A final report on improvement of transmission and distribution system, “Solomon Island
Sustainable Energy Report (SISEP)” was submitted to the ministries in April 2011, which helped SIEA
to receive future assistance from the World Bank in improvement work of technical loss as well as
non-technical loss.

Because of above, we have reached to a conclusion that there are no other areas to provide technological
assistance.

5. Way Forward

Based on the results of this Preparatory Survey, the Team will consult with the authorities concerned in
Japan for appropriateness of extending technical cooperation. The final decision will be made in several



months after receiving official request from Government of the Solomon. Again, it is important for

both sides to understand that at the stage of the Preparatory Survey, no commitment is made

from the Japanese side concerning the realization of the Project.

If the contents of the request are authorized, JICA will dispatch another Preparatory Survey Team
(Detailed Planning Survey Team) for finalizing the Scope of Work on “Formulation of
self-sufficiency energy supply in islands area”.

Expected rough schedule is shown as follows;

End of August 2011: Completion of the Preparatory Survey (this survey)

Around September, 2011: Appraise the appropriateness of technical cooperation by JICA

Around October, 2011:  Submit the Official request to the Embassy of Japan in Solomon

Around January, 2012:  Appraise the appropriateness of technical cooperation by the Government
of Japan

Around February, 2012:  Preparatory Survey (Detailed Planning Survey for finalizing the Scope of
Work)

Around June, 2012: Implementation of the technical cooperation project

(End)



Annex 1
List of Attendants

Ministry of Mines, Energy & Rural Electrification
Mr. John Korinihona, Director of Energy
Mr. Douglas Alex, Permanent Secretary on Special Duty (Energy)

Ministry of Environment and Climate Change, Disaster Management & Meteorology
Mr. Edward Danitofea, Senior Environment Officer
Mr. Festus Ahikau, Chief Meteorological Officer(climate)

Ministry of Finance, National Reform & Planning
Mr. Mathew Hodge-Kopa, Advisor
Mr. Hayley Kouto, Policy Analyst
Mr. Rexson Ramofafua, Policy Analyst

Solomon Islands Electricity Authority
Mr. Norman Nicholls, General Manager
Mr. Martin B. Sam, Chief Engineer / Deputy General Maneger
Mr. Michael J. Payne, Chief financial Officer
Mr. Dadily Posala, Manager Generation
Mr. Mathew Korinihona, Manager Distribution & Customer Service

World Bank
Ms. Edith Bowles, Country Manager

Tina River Hydro Project
Mr. Mark France, Land Manager
Mr. Fred Corning, Deputy Project Maneger
Mr. Eric Gorapava, Deputy Land Manager

JICA Solomon Islands Office

Mr. Yoshinobu Takishita, Resident Representative
Mr. Yoko Asano, Project Formulation Adviser



Itinerary of the Team

Annex 2

No.| Date | Day Ogawa (Jica) Dei (consultant) Kakefuku (consultant) Stay
— 00:25 Auckland(NZ977)
Auckland 06:00 — 08:00 Brisbane (QF124) .
11} 20-Jul | Wed Brisbane 09:30 — 13:45 Honiara (IE701) Honiara
C/C to JICA Solomon Office

09:00 Ministryof Mines Energy & Rural Electrification

12| 21-Jul | Thu |10:30 Ministry of Environment, Climate Change Honiara
13:30 Solomon Islands Electricity Authority (Lunga Power Plant)
09:00 World Bank

13| 22-Jul | Fri |10:30 Economic Reform Unit, Ministry of Finance, National Reform & Planning Honiara
13:30 Solomon Islands Electricity Authority (Honiara Power Plant)
Honiara 11:10 — 12:30 Port Moresby

14| 23-Jul | Sat |(PX085) (Reserve day for Site Observation) Honiara
Port Moresby 14:20 — 19:55 Narita (PX054)

15| 24-Jul | Sun Documentation Honiara

16! 25-0ul | M Detailed interview of relevant organizations or Site Observation (as necessary) Honi

u on Discussion and Wrap up meeting with MMERE oniara
Report to JICA Solomon Office
17| 26—Jul | Tue Report to Embassy of Japan in Solomon Islands Nadi
Honiara 13:10 — 18:30 Nadi (FJ260)




TECHNICAL MEMORANDUM
FOR
THE PREPARATORY SURVEY
ON
FORMULATION OF SELF-SUFFICIENT ENERGY SUPPLY
IN ISLANDS AREA

(The Republic of Kiribati)

Tarawa, August 2, 2011

PREPARATORY SURVEY TEAM

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)



The Preparatory Survey Team (hereinafter referred to as “the Team”) was organized by the Japan
International Cooperation Agency (hereinafter referred to as “JICA”), and the Team was sent to the
Republic of Kiribati (hereinafter referred to as “Kiribati”) for a project formulation of energy sector in
islands area.

We had a series of discussion on “Formulation of self-sufficient energy supply in islands area” with the
officials of Ministry of Public Works and Utilities, Public Utilities Board, and related active
organizations in renewable energy utilization from July 28 to August 2, 2011. This technical
memorandum was prepared to share the result of survey and findings by the Team to the major
counterparts in Kiribati. A list of participants attended the discussions is shown in Annex 1, and itinerary
of the Team is shown in Annex 2.

It was explained by the Team and understood by Kiribati side that JICA does not commit the

implementation of future possible cooperation.

1. Background

It is said that Island countries in Oceania will be heavily affected by sea level rise mainly due to
Greenhouse Gas (GHG) emission. Therefore, those countries are under pressures to challenge a task of
adaptation by the climate change. On the other hand, electric power sector in island countries continue
to depend on diesel power generation which emits a lot of GHG.

All the fuels for diesel power generation are imported, and the cost of power supply is extremely high in
outer islands due to transport cost of fuels etc. Accordingly, electricity tariffs in islands area generally
tend to be high. However, those tariffs have not reached the cost recovery level and normally
governments in island countries provide subsidy to keep a certain level of tariffs. Especially, island
countries develop a sense of crisis due to fuel cost elevation and flagging economy affected by financial
and economic crisis in 2008. Also, fuel prices are expected to rise sharply as “peak oil” is passed. As a
result, urgent countermeasures need to be introduced to lower dependency on diesel power generation.
The expected solutions will be the combined introduction of renewable energy, supply side management,
and energy efficiency and conservation.

2. Purpose of the Survey
The Government of Japan expressed the policy to assist programme to contribute to measures against
climate change. In accordance with the background mentioned above, JICA decided to explore
cooperation approach for electric power sector of island countries in Oceania to reduce the oil
dependency for power supply, which will contribute to improve energy security by increasing
self-sufficiency of energy supply. At present, following approaches are expected,
(1) Improving efficiency of energy and electricity utilization through developing energy conservation
policy and regulation.
(2) Improving efficiency of existing power network system which is consisted of diesel power
generation facilities and distribution networks.
(3) Diversification of energy supply through introducing renewable energy such as solar photovoltaic
system.



Based on the description above, this Preparatory Survey aims at considering JICA’s cooperation
approach to power sector in island countries through collection of information and analysis on
development issues, relevant policies and other donors’ assistance in power sector of island countries

paying attention to a viewpoint of climate change remedies.

3. Findings

3-1. General

Kiribati is situated in the Central Pacific Ocean and consists of 33 atolls with a total land area of about
800 km? The atolls have a maximum height of 3 to 4 m above sea level. The population is estimated
about 99,500 in 2009.

Reduction of dependence on imported fossil fuel is important for islands nations in terms of national
energy security. Almost all generation is based on imported diesel fuel in Kiribati.

Implementation of energy efficiency is becoming one of the most effective means of mitigating rising
energy prices and tackling environmental risks. The introduction of renewable energy is also effective in
reducing consumption of imported fossil fuel.

3-2. Electric Policy

The electric policy for minimizing impact of increasing price of imported fuel is written under
‘Development Strategies’ of ‘Economic growth and poverty reduction’ in the Kiribati Development
Plan (KDP) 2008-2011.,. The Kiribati National Energy Policy (KNEP) was based on the development
strategies in 20009.

v Promote the introduction of best-practice regulations and standards for the safe and reliable supply,
generation, transmission and distribution of power.

Encourage private sector participation in the power sector.

Encourage an appropriate tariff structure.

Promote supply side and demand side management measures.

Encourage the use of alternative fuels and renewable energy sources for power generation.

RN NN

Ensure compliance to legislations and regulations established under the Environment Act and other
related legislations.

3-3. Renewable Energy

Being the tropics, based on the JICA study on rural electrification by solar PV, average solar irradiation
is high as 5.69kWh/m%day in Kiribati. There are many solar PV system installed in outer islands.
Kiribati Solar Energy Company (KSEC) installed a total of over 200 kW solar PV systems in 2010.
Solar Home Systems (SHS) are installed at 1521 residential households with 100W capacity and 70
solar systems for community center with the capacity between 200W to 600W. There is a plan for grid
connected PV system with over 180kW capacity by PEC fund. Wind monitoring has been carrying out
by Italian Government at Kiritimati Island. As for pilot test, biofuel production from Copra has been
carrying out by Italian Government. The biofuel produced through pilot test is mixed with diesel (70%



biofuel, 30% diesel) and has been used for two trucks as fuel. A small scale biogas system is constructed
for pilot test under Taiwan project.

3-4. Energy Efficiency & Conservation

Activities on energy conservation are limited in Kiribati. In these years, electricity price rises with the
price hike of the imported fuel. Therefore the electricity demand tends to decrease .Solar streetlights had
installed, however most of those are out of function currently due to lack of maintenance. As for energy
efficiency program from supply side, study on transmission and distribution line has conducted under
the project of “Quantification of Power System Energy Losses in Southern Pacific Utilities” by Pacific
Power Association (PPA) in February 2011. Final report of the study will be submitted by the end of
2011.

3-5. Operation of Diesel Generator

3-5-1 Condition of Power Facility

(1) Power house
Overall plant and its operation are in good condition. Kiribati Tarawa island electricity is supplied
from BETIO and BIKENIBEU power plant, built with assistance of Japan; both power plants are
conformed by diesel generators. In BETIO power plant, walls and floors deteriorations are severe
due maintenance works is not adequate, and dirt of oil in many parts on the floor needs
improvement measures. On the other hand comparatively, in BIKENIBEU power plant, about 9
years old, no major deteriorations and issues were found in the power house. Indoor equipment is
well maintained remaining equally good condition as same style of plants in remote islands of
Japan.

(2) Condition of diesel generators

Diesel generators installed in both power plants are comparatively kept in good conditions. There
is one (1) 1.25 MW diesel generator in BETIO power plant, and there are three (3) 1.4 MW diesel
generators installed totaling the power generation capacity of 5.45 MW in BIKENIBEU power plant.
Both plants are not under the maximum output limitation, but since peak demand electricity is about
5 MW, there is no margin of power when one diesel generator is in maintenance works. Operation
is managed well since each generator is periodically inspected, and data for fuel consumption,
temperature and pressure are reviewed after each inspection.

(3) Peripheral equipment

Overall condition is good and there isn’t major corrosion with power equipment installed inside and
outside of the power house. Layout of peripheral devices for units is designed well, thus
maintenance and inspection can be done easily. In BETIO power plant, exhaust gas silencer and
chimney corrosion is remarkable, some measures are necessary to prolong its service life. In
BIKENIBEU power plant wastes oil incinerator burner is out of order. Urgent repair is necessary.

Fuel oil, lubricant oil, cooling water equipments has appropriate meters, and data are recorded. In
addition, piping for cooling and fuel systems are organized in unified colour so that operators can

3



easily recognize the type of system. Electric board for both power plants are inspected during
maintenance works of diesel engine, thus no special issues were detected.

3-5-2 Operating condition

In BIKENIBEU power plant, operation is eased from the control room where operators can control
and monitor the three diesel generators altogether. On the other hand, in BETIO power plant
electrical boards are installed in the engine room, requiring plant operators to patrol regularly to
control the only diesel generator. In the power plant there is not installed AFC (automatic frequency
control), operators manually control the diesel generators output using EDC* tables to minimize fuel
consumption. Target control value for system frequency is 50Hz and 11,000V for voltage, but
permissive ramp range is not determined. Operational parameters of each diesel generator including
temperature, pressures etc are recorded but no analysis is done. As for the environmental
management, there is no standard established yet; therefore, emission control for nitrogen oxides
(NOX), sulfur oxides (SOx), and ash dusts are not implemented.

* EDC: Economical load Dispatch Control

3-6. Major Projects Supported by Donors
There are some projects on energy efficiency, conservation and renewable energy supported by donors.
(1) Energy Efficiency & Conservation
1) “Quantification of Power System Energy Losses in Southern Pacific Utilities”
Implement organization: Pacific Power Association / KEMA International B.V.
Project Cost: n/a

(2) Renewable Energy
1) “Wind Resource Assessment for Kiribati Islands”
“Renewable Energy Systems for Water Pumping”
“Bio-fuel development and Refining Development at Kiribati Copra Mill”
“PV Hybrid Mini-Grid for Chevalier College, Abemama Atoll”
Implement organization: Italian Government
Project Cost: US$: 762,291

(3) Scheduled Project
1)”EU_EDF 10”
Project Cost: EU 410,000
to increase power production from renewable energy sources (SHS)
to improve the overall policy framework of the energy sector
2)“Maintaining Renewable Energy Systems in Kiribati through Technical Training Project”
Implement organization: UNDP
Project Cost: USD 35,000



3-7. Others
“Kaokimaante Recycle Company” is purchasing used batteries at AU$ 5 per unit (per 1 any size of used
battery). The collected battery will be shipped to Australia.

4. Envisaged Needs for Future Cooperation

Through discussion with related counterparts and site reconnaissance at power plants of Public Utilities
Board, following items could be confirmed as possible needs for future technical cooperation by JICA.
However, it shall be noted that not all items might be covered by the possible technical cooperation
project due to the constraint of total budget.

4-1.Technical assistance to introduce regulations and/or guidelines for interconnection of
distributed generators by renewable energy

(1) Institutional arrangements

There is no national regulation and/or guidelines for the interconnection of distributed generators.
Currently, there is no interconnected generators (incl. renewable energy sources) to the PUB power
system. However, in the revised “PUB Act in 2010”, grid connection of Solar PV is encouraged in the
South Tarawa.

It is expected that many property owners will request to apply for grid-interconnection in near future, as
the initial investment for PV system goes down recently. Therefore, introduction of regulations and/or
guidelines for interconnection of distributed generators by renewable energy is necessary issue. This
institutional study would also include investigation and analysis of existing laws or regulations,
suggestion of modification of those if necessary.

(2) Maximum capacity for grid-interconnection

The study will incorporate methodology to calculate maximum allowable capacity of renewable energy,
for initial stage without modification and later with modification of existing equipment such as storage
system. As the capacity of power system will change over time, it is important that Kiribati personnel
could learn the methodology working with Japanese experts.

4-2. Technical Assistance to Minimize Supply Side Losses through Optimum Operation
Management
(1) Power Plant
Overall plant and its operation are managed well, so there are not many issues to improve efficiency.
Particularly, BIKENIBEU power plant was successfully improved its overall generation efficiency by
2% through implementation of Economic Load Dispatch Control, which intends to minimize fuel
consumption of each generator. This technology was introduced and transferred through the Group
Training in JICA Okinawa. Therefore, areas requiring urgent improvement are not identified, but items
below have potentials to receive suggestion as technical assistance.

1. Wastes oil treatment method utilizing reforming device



2. Remote control monitoring system between BETIO and BIKENIBEU power plants.
3. Safety standards for fuels handling in accordance with Japanese standards.

(2) Distribution equipment

Total transmission and distribution loss of Kiribati is estimated around 16%. A research report regarding
equipment improvement implemented in February 2011 through cooperative fund from PPA (Pacific
Power Association) is expected to be submitted by the end of 2011. Therefore, it is difficult for us to
consider technical assistance in the area of distribution loss reduction at present.

5. Way Forward

Based on the results of this Preparatory Survey, the Team will consult with the authorities concerned in
Japan for appropriateness of extending technical cooperation. The final decision will be made in several
months after receiving official request from the Government of Kiribati. Again, it is important for

both sides to understand that at the stage of the Preparatory Survey, no commitment is made

from the Japanese side concerning the realization of the Project.

If the contents of the request are authorized, JICA will dispatch another Preparatory Survey Team
(Detailed Planning Survey Team) for finalizing the Scope of Work on “Formulation of self-sufficiency
energy supply in islands area”.

Expected rough schedule is shown as follows;

End of August, 2011: Completion of the Preparatory Survey (this survey)

Around September, 2011: Appraise the appropriateness of technical cooperation by JICA

Around October, 2011:  Submit the Official request to the Embassy of Japan in Fiji by Kiribati side
Around January, 2012:  Appraise the appropriateness of technical cooperation by the Government

of Japan

Around February, 2012:  Preparatory Survey (Detailed Planning Survey for finalizing the Scope of
Work)

Around June, 2012: Implementation of the technical cooperation project

(End)



Annex 1
List of Attendants

Ministry of Finance and Economic Development
Mr.Thomas Ruaia, Supporting officer for European Union office in Kiribati

Ministry of Public Works and Utilities
Mr. Tiaon Aukitino, Energy Project Engineer, Energy Planning Unit
Ms. Miriam lakobwa Tikana, Assistant Energy Planner, Energy Planning Unit

Ministry of Environment, Lands and Agriculture Development
Mr. Riibeta Abeta, Climate Change Officer, Environment Conservation Division

Ms.Taati Eria, Environment Education Officer, Environment Conservation Division

Public Utility Board
Mr. Rameka Takirua, Finance Manager, Administration and Finance Department
Mr.Kiriati Birita, Power Engineering Manager, Power Engineering Department

Kiribati Solar Energy Company LTD.
Mr. Tiante Tarakia, Chief Executive Officer
Mr. Tokiteba Tawita, Utility Manager, Utility Department
Mr. Tutu Tekanene, Project Management Accountant, Account Department

Kiribati Copra Mill Company LTD.
Ms.Katarina Tofinga, Chief Executive Officer

Ms.Paul Peter Tekanene, Production Research and Development Manager

Embassy of the Republic of China (Taiwan) in Kiribati
Mr. Wayne Wang, Third Secretary

JICA/JOCV Kiribati Office
Mr. Fumio Kinoshita, Volunteer Coordinator



Itinerary of the Team

Annex 2

Date

Day

Miyata (Jica) Dei (consultant) Kakefuku (consultant)

Stay

28-Jul

Th

3

Nadi 05:00
(1) 10:00
(2) 11:35
(3) 13:40
(4) 16:00

— 08:00 Tarawa (FJ231)

JICA VC office

Ministry of Public Works and Utilities :MPWU Energy Planning Unit: EPU
Public Utilities Board :PUB

Besio power plant

Tarawa

29-Jul

Fri

(5) 09:00
(6) 11:50
(7) 15:00

Ministry of Environment, Lands and Agricultural Development: MELAD
Kiribati Solar Energy Company : KSEC
Bikenibeu power plant

Tarawa

30-Jul

Sat

Documentation

Tarawa

31-Jul

Sun

Documentation

Tarawa

1-Aug

Mon

(8) 09:30
(9) 10:00
(10) 11:00
(11) 12:00
(12) 14:00
(13) 15:30

Ministry of Public Works and Utilities :MPWU Energy Planning Unit: EPU
MPWU

EU office

Embassy of Republic of China (Taiwan )

Kiribati Gopra Mill Company Ltd

Batteries disposal company

Tarawa

2-Aug

Tu

@

(14) 14:00
(15) 15:00
(15) 16:00

Report to MPWU
Report to PUB
Report to JICA VC

Tarawa
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