VDI

JAPA\T INTDRNATIONAL COOPERATION AGE‘\ICY (JICA)

THF REPUBLIC OI‘ MALDIVES AR
MALDIVES ELECTRICITY BOARD (MEB)

 ATOLLISLAND ELECTRIFICATION PROJECT
' THEREPUBLICOF MALDIVES =

‘NO LE0JTY ACLLS NOISEA JISvd

SHAIQ'TYIN 40 OITENATE FHL NI LOEL0¥d NOILVOIATEIOXTA AN VIS TIOLV

#6561 XMVOANVE :

| YACHIYO ENGINEERING €O, LID. .
sRARv B o T IR0 R At CR(‘?)







- JJEN LiBrARY

- AR

111583218)






JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

THE REPUBLIC OF MALDIVES
MALDIVES ELECTRICITY BOARD (MEB)

BASIC DESIGN STUDY REPORT
| ON
ATOLL ISLAND ELECTRIFICATION PROJECT
| IN
THE REPUBLIC OF MALDIVES

JANUARY 1994

YACHIYO ENGINEERING CO., LTD.



BB FXHE

26701

t



PREFACE

In response to a request from the Government of the Republic of Maldives, the Government
of Japan decided to conduct a basic design study on Atoll Island Electrification Project in the
Republic of the Maldives and entrusted the study to the Japan International Cooperation
- Agency (JICA).

JICA sent to the Maldives a study team headed by Mr. Yuji Ogura, Grant Aid Division,
Economic Cooperation Bureau, Ministry of Foreign Affairs and constituted by members of
Yachiyo Engineering Co., Ltd., from August 19th to September 17th, 1993,

The team held discussions with the officials concerned of the Government of _the Maldives,
and conducted a field study at the study area. After the team returned to Japan, further studies
-were made. Then, a mission was sent to the Maldives in order to discuss a draft report, and as

this result, the present report was finalized.

I hope that this report will contribute to the promotion of the project and to the enhancement

of friendly relations between our two couniries.

I wish to express my sincere appreciation to the officials concerned of the Government of the

Republic of the Maldives for their close cooperation extended to the teams.

January, 1994

Kensuke Yanagiya

President
Japan International Cooperation Agency






January, 1994

Mr. Kensuke Yanagiya

President -

Japan International Cooperation Agency
Tokyo, Japan

Letter of Transmittal

We are pleased to submit to you the Basic Design Study Report on Atoll Island Electrification
Project in the Republic of the Maldives,

This study was conducted by Yachiyo Engineering Co., Ltd. under a contract to JICA, during
the period August 16th, 1993 to January 31st, 1994. In conducting the study, we have
examined the feasibility and rationale of the Project with due consideration to the present
situation of the Maldives and have formulated the most appropriate basic design for the
Project under Japan's grant aid scheme.

We wish to take this opportunity to express our sincere gratitude to the officials concerned of
JICA, the Ministry of Foreign Affairs and the Ministry of International Trade and Industry.
We also wish to express our gratitude to the officials concerned of the Ministry of Foreign
Affairs of the Government of the Maldives, the Maldives Electricity Board, JICA Sri Lanka
Office and the Embassy of Japan in Sri Lanka for their close cooperation and assistance
throughout our field survey.

Finally, we hope that this report will contribute to the further promotion of the Project.

Very truly yours,

Mitsuhisa NISHIKAWA
Project Manager

Basic Design Study Team on
Atoll Island Electrification Project
in the Republic of the Maldives
Yachiyo Engineering Co., Ltd.
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SUMMARY

The Republic of the Maldives (hereinafter referred to as "the Maldives") consists of some
1,200 coral 1shnds WhtCh form a series of 24 large atolls over a distance of 880 kmin a north-
south direction and 140 km in an east-west direction. The Maldives has a total national land
area of 280 km? and a sea territory of 900,000 km2. The GNP per capita as of 1991 is US$
462. '

The main mdusmes in the Maldives arc tourism and fisheries. Some 231 000 people live on
266 islands, mcludmg 64 resort islands. Male compnse a large populatlon concentration of
some 60, 000 (26% of the total) 'md an annual population i increase rate of 4.0% whlch is more
than the national average of 3.7 percent

The Government of the Maldives has prepared a series of national 'plans with the highest
pnonty given to allev1atmg the umpolansqtton to Male in order to improve the standard of
hvmg throughout the country and understands the urgent necessity to establish social 'mcl
econonuc infrastructure for the deve]opment of outlymg atoll islands. As part of efforts to
achieve the national development goals, the Governinent of the Maldives and the Maldives
Electricity Board (MEB) prepared the Atoll Island Electrification Project and have tried to
implement the PrOJect throughout its three National Development Plan periods since 1985. As
1mplementatton of the Pro;ect throughout the country has been difficult due to financial
constraints, therefore, the Government of the Maldives and MEB have sclected priority
islands and have requested the Government of Japan § provision of grant aid for the
electnﬁcatlon of these hlgh pnonty 1slands

In response to a request, the Government of Japan sent the Project Formulation Survey Team
to the Maldives with a view to formulating an appropriate grant aid project. The Project
Formulation Survey Team examined the viability and priority of the requested grant aid based
on the current conditions of development in the Maldives and likely problems related to
mfrastructure development on the tslands '

The Project Foxmulatlon Survey Team found that the inhabitants of only 10 islands dlrectly
receive electricity. supply from the MEB even though 177 islands out of the 266 inhabited
islands have been electrified. The electuc1ty supply on 167 islands is Timited to special
facilities owned by the State Trading Organization (?TO), Maldives Air Services, Ltd.
{MAA), Addu Atoll Development Association (ADA), wealthy individuals, and companies
running tourist resorts. '



In conclusion, the Project Formulatlon Survey Team found that electrification of outlying
atoll islands which do not currently enjoy electnclty supply would be extremely useful for
solvmg a number of problems the Maldives face and that the implementation of the Pl‘OjeCt
should be given high priority. Further, given the fact that the electrification env1saged by the
Project will result in highly desirable welfare improvement, the viability of the Prolect as a
grant aid project of the Government of Japan was identified.

In response to the original request of the Government of the Maldives and the positive
findings of the Project Formulation Survey Team the Government of Japan agreed to conduct
the Basic Desrgn Study for the Project and entrusted the Japan- Internatronal Cooperat:on
Agency (JICA) to conduct the said- study JICA subsequently drspatched the Basic Desrgn
Study Team to the Maldives for the period of August 19th to September 17th, 1993, and
again from November Ist to November 11th, 1993, to explain the contents of the Draft Final
Report to the Maldive side.

T he ob}ecnves of the Basic Desrgn Study team were to examine the state of eiectnﬁcatlon on
six sub;ect islands as requested by the Governnent of the Maldives, and to examitie the
contents of the Project, its percelved effects, and the vrablhty of the PI'OjCCt as a grant aid
project of the Governmaent of Japan.

Through a serics of d_isc_uséions with the Maldive side, it.was-ugreed that the Basic Design
Study would examine the possibility of providing Japan's grant'ai_d to elec_tri'fy u_p to three
islands out of the six islands for urhich'eiectri'ﬁcation with such grant aid 'was originally
requested by the Government of the Maldives as the highest priority. The subject 1slands of
the final request were Naifaru Istand, the administrative seat of Lhaviyani Atoll, Eydhafushi
Island, the administrative seat of Baa Atoll, and Gan Island of Laamu Atoll.

“The Basic Design Study Team examined the current conditions of the atoll 'islands a:s well as
those islands already electrified by. the MEB through a series of diSC.llSSiOI]S With gov'ernment
officials and others related to the Project and also from a field survey Partrcularly in the case
of Naifaru Island and Eydhafushi Island, the electricity supply was found to be inadequate in
spite of the fact that these islands are the administrative seats of the relevant atolls (each atoll
comprises an administrative district equivalent toa prefecture in Japan). Electric pOWer
supply fails to meet domestic demand and the demand of such comiiunal fac1ht1es as schools
and health centres. Consequently, the ur gency of the Project’s nnplementatron for these
islands was confirmed.

Gan Island of Laamu Atoll has road links with neighbouring Maandhoo Island, Kadhdhoo
Island and Fonadhoo Island, the administrative seat of Laamu Atoll. An industrial estate
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development plan (the feasibility study for which wa$ conducted in 1988 by the ECFA of
Japan) exists for Gan Island while a fiShing base and cold storage were constructed on
Maandhoo Island with Japanese grant aid and Kuwaiti fundmg A domestic airfield was
constructcd on Kadhdhoo Island. The existence of these facilities, and the prospect of further
development throughout Laamu Atoll illustrate the need for the electnf}catxon of Gan Island.
However, upon completion of the research studies after returning to Japan the Study Team
decided to eliminate Gan Island from the scope of the Project on the grounds that (i) villages
on Gan Island enjoy a high electrification rate of approximately 80% despite an unstable
sﬁpply,_(ii) it would be difficult to estimate the combined future electricity demand of the four
islands due to uncertainties surrounding a comprehensive development project, particularly
the comimencement yé:ar for such a project, and (iii) the:appropriateness of electrifying only
Gan Island of the four islands cannot be clearly argued for.

Efforts by the Government of the Maldives and MEB to provide outlymg atoll islands with
electrlclty have been in progress since the launching of the First National Development Plan
in 1985. Neverth_eless, only 10 islands, including Male Island, have ‘so far been electrified
although work is uhderwa’y on four additional islands. Assistance provided by other overseas
aid organizations for the electrification of the Maldives has mainly concentrated on Male
Island. While some outlying atoll islands have received such assistance, the scope does not
extend further than the subject islands as in the case of the Project, confirming that there is
not an overlap between the Project and other sirilar aid projects.

The finalised scope of the Project is the construction of a new power station on Naifaru Island -
and Eydhufushi Island and the supply of equipment and materials for a distribution network
and VHF radio station. The installation of the equipment to be provided by the Japanese side
under the Project will be conducted by the Maldives side. Based on the past performance of
istands already electrified by the MEB, the domestic electricity demand/household in the year
of project completion is set at 200 W with a-subécquent annual increase of 10 percent. The
scale of the facilities and equipmcut will be sufficient to meet the medium-term demand level
five year after the completion of the Project. “The basic components of the P1o;ect finalised
by the Basic. D631gn Study Team upon its return to Japan, takes into consideration the field
survey ﬁndmgs and requirements agreed to durmg discussions between the Japanese and
Maldives 31des and are the same for both Naifaru Island and Eydhafushl Island, except for the
installed capacity of the genclators.

il



Project Outline

Construction + Power station building to accommodate diesel generators (184.0m?)

» Foundations for generating facilities, fuel tank and auxiliary equipment
» Administrative office building (88.0m?2)

+ Rainwater storage tank and well

* Premise roads

« Building services

Supply of » Supply and installation of 3 diesel engine generators (one as stand-by)
Eguipment and (three 100 kW generators for Naifaru and three 75 kW generators for
Materials Eydhafushi) :

« Supply and installation of following mechanical equipment/ systems to
support generating system

- Fuel handling system (with fuel tank)
- Ventilation system
- Piping with fitlings
¢ Supply and installation of following electrical equipment/ systeins to
support generating system
- Remote control panel
- DC power supply system
- Earthing system
- Main distribution board
- Local control panel mounted on generator
- Cables and wires
» Supply of following equipment and materials for distribution network
- Main distribution cables
- Branch distribution cables
- Local distribution panel
- Houschold panel board (with Watt-hour meter)
o Supply of VHF radio station, repair tools and street lighting

» supply of spare parts for generating facilities and auxiliary equipment
and maintenance tools for generating facilities

* Supply of operation and maintenance manuvals

On-The-Job » Education and training of MEB engineers by engineers dispatched by
training (OJT) Japanese contractor on following (to be conducted during installation
work period)

- Installation of diesel generators and auxiliary equipment
- Qperation of diesel gencrators and auxiliary equipment
- Maintenance and repair of diesel generators and auxiliary equipment

The authority responsible for the implementation of the Project for the Maldives side is the
MEB, and, following the completion of the Project, the Outer Male Electricity Generation
and Management Bureau of the MEB will be responsible for the laying of distribution cable,
operation and maintenance of the newly constructed generating facilities and the collection of
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rates from users. The Bureau manages the electricity service for nine local atoll islands and is,
therefore, deemed to have sufficient management capability to run the new facilities.

In the case of the Project's 1mplementat10n as a grant aid project of the Government of Japan
the Mald:ves sxde will be responsible for, among other things, the construction of gates and
boundaly fencing at the power station, installation of distribution networks, and the removal
of existing generators and distribution network on Eydhafushi Island {at an estimated cost of
approximately US$134,000]. | '

The Project is expected to require three months for the detailed design, five months for the
manufacture and procurement of the necessary equipment and materials and ten months for

construction and installation at the actual sites.

. The MEB is required to secure the necessary work sites, including'temp(jrary faéility yards, to
leveled the land, to remove existing structures from the sites and to secure access roads by a
predetermined date. The MEB is also 'required to establish the necessary arrangement and to
conduct the necessary c‘oordmatwn W1th the related government organizations of the
Maldives in view of the Project's smooth Implementatlon through close cooperation with the
Japanese side.

The direct effect of the Project will be the availability of a state public electricity service for
the social welfare and other public facilities, sd_ch as health centreé, séhools and atoll offices
in addition to all houses on both islands with the construction of a new power station and
distribution network on each island. The annual maintenance cost of the new facilities is
estimated to be approximately US$359,000 which can be met by the estimated annual income
of some US$423,000 in 1995, the year of project completion.

The electrification of Naifaru Island, the administrative seat of Lhaviyani Atoll, and
Eydhafushl Island, the administrative scat of Laamu Atoll, will he]p to improve the standard
of living on these 1slands improve the quality of tife on all nelghbounng islands, and vitalise
social and economic activities in the relevant regions. With some 17,400 people directly
benefiting from the Project, implementation with Japanese cooperation is highly signiﬁcant
and appropriate in view of the objectives of Japan's grant aid system.
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CHAPTER 1 INTRODUCTION

The Re'plieli'c'of the Mald_ives.(hereinafier're'fe_rred to as the Maldivesj consists o_f:some 1,200
coral istands which form a series of 24 le:rge'atolls over a distance of 880 km in the north-
south direction aﬁd' 140 km in the east-west direction. The total national land area is 280 km?
~ with a sea territory of 900,000 km?2. The Maldives' GNP per capita in 1991 was US$462 and
tourism and fisheries are the two main industries.

At present some 231, OOO people 11ve on 266 islands, mcludmg 64 islands which have tourist
esoit facrhties There is a high populatron concentration of 60,000 people (26% of the total)
in Male, the capltal where the annual population 1ncrease rate of 4.0% 1is hwher than the
natlonal average of 3.7%, mdlcatmg further eoncentratlon in the future The national plan
prepared by the Government of the Maldwes gives priority to alleviating this population
concentration in Male by means of the urgent estabhshment of socioeconomic infrastructure

to encourage the development of all atolls.

As part of the above national development effort, the Government of the Maldives and the
Maldives Electrlcrty Board (MEB) prepared and have been 1mplementmg the Atoll Island
'Electnﬁcatnon Prolect (the Project) since its First National Development Plan was launched in
1985. However the fiscal difficulties faced by the Maldives means that all the pro;ect
components cananot be simultaneously implemented, making it necessary to give priority
order to the subject atolls. Having selected those atolls with a particularly strong
_ electrificafien need, the Goverlrment_ of the Maldives requested grant aid for the
implementation of the Project on these atolls. In response to this request, the Government of
Japan sent the Project Formulation Survey Team to the Maldives with a view to formulaﬁng
an appropnate grant aid pl‘Q]E:Ct The P['OJGC(I Formulation Survey Team examined the vlablhty
and pnonty of the requested grant aid based on the current conditions of development in the
Maldives and hkely problems relating to infrastructure development on these atolls.

The Project Formulation Survey Team found that the inhabitants of only 10 islands directly
receive electricity supply from the MEB. The other electricity supply on 167 islands is limited
to special facilities owned by the State Trading Organization (STO), Maldives Air Services,
Lid; (MAA) Addu Atoll Development Association (ADA), wealthy individuals and
companies runnmg tourlst resorts.

As of 1990, the electrlﬁcatlon 1ate was as high as 69% in terms of the nat;onal average While
the rate in Male is 93.8%, the rate for outlymg atol! islands of 63. 3%, Includmg the supply of
electricity for the special facilities mentioned above, is much lower, suggesting a generally



low rate of electrification of outlying atoll islands. In conclusion, the Project Formulation
Survey Team found that the electrification of outlying atoll islands which do not currently
enjoy electricity supply will be ex_trernely useful to solve a number of problems faced by the
Maldives and that the impfementation of the Project should be :g'i'\:ien high priority. Further,
given the fact that the electnflcatlon enwsaged by the Project will result in highly desirable
: 'welf'ne 1mp10vement the vzablhty of the Prolect as a grant aid pI'O_]CCt of the Government of
Japan was identified. '

In response to the ongmal request of the Government of the Maldives and the positive
fmdmgs of the PrOJect Formulatlon Survey Team, the Govemment of Japan decided to
conduct the Basic De31gn Study for the Project and entrusted the Japan Intematlonal
Cooperatlon Agency (JICA) to conduct the study. JICA suhsequentiy sent the Basic Demgn
Study Team, headed by Mr, Yuji Ogura of the Grant Aid Division, Economlc Cooperation
Bureau, Ministry of Forelgn Affairs, to the Maldives for the period between August 19th and
September 17th, 1993. (See Appendix 1 for the list of the study team members and Appendix
2 for the field survey schedule.)

The o_bjecti_ve's of the Basic Deéign Study Team were 10 identify the state of electrification en
8ix 'subiect islands as requested by the Gevernntent of the Maldives and to examine the
contents of the Pro;ect its perceived effects and the vmblhty of the Project as a grant aid
prolect of the Government of J apan '

The Basic Design :Study' Team identified the current conditions of the eubject eutiying atoll
islands, as well as of those islands- already electrlﬁed by the MEB through a series of
discussions with government officials and others related to the Project and a field survey. The
state of electrification for the subject islands is 1nadequate to meet the demands of residential
requirements and communal facilities such as schools and healih cenires. Further each island
houses the central administrative ofﬁces of a spemftc atoll (an admmlstratwe district
equivalent to a prefecture in Japan), conﬁrmmg the urgency of the PrOJect s 1mplementatlon
on these outlying atoll islands.

Efforts by the Government of the Maldives and MEB to p10v1de outlylng atoll lslands with
electricity have been in progress since the launchmg of the First National Development Plan
in 1985. Nevertheless, only 10 islands, mcludmg Male Island, have so far be_en clectrified
although work on four additional islands is underway. While some outtying atoll islands
receive external aid, it has been confirmed that there i 1s no overlapping between the envisaged
grant aid and a1d prowded by other countnes or orgamzatlons



The Basic Design Study Team concluded the Minutes of Discussions (M/D) on August 30th,
1993 based on the confirmed background and objectives. of the Project (see Appendix 4).
(See Appendix 3 for the list of the count;é_rparts and related persons in the Republic of the
MaldiVes.) Following the signing of the M/D, the Basic Design Study Team continued to
collect information and data and to analyse their relevance and submitted the field report to
the MEB on September 14th, 1993 to confirm the basic design principles for the Project with
the Maldive side {see Appendix 5).

Upon its return to Japan, the Basic Design Study Team compiled the Basic Design Study
Report on Atoll Island Electrification Project in the Republic of the Maldives, taking into
consideration the current local situation of electricity supply, particularly that on outlying
atol! islands, the status of the Project viS-a—viS'higher plans and the viability, contents and
scale of the Project.
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CHAPYER 2 BACKGROUND OF THE PROJECT

Country Data on the Maldives

- Geography

The Maldives is a republic consisting of some 1,200 coral islands which form a
serics of 24 large atolls in the Indian Ocean covering a distance of 880 km in the
1_1'0rth-south direction and 140 km in the east-west direction as shown on the
Location Map. It has a total land area of 280 km?, _a sea territory of some 900,000

- km? and a total popuiaﬁon of 205,304 as of March, 1990. The GNP per capita in

1991 was US$462 and tourism and fisheries are the two main industries.

Male, the capital, is located on Male Island which is in turn located at the centre of
the country. Male plays a central role in the natlonal politics and economy as it is
the location of most govemment offices and commercial activities. There are no
large-scale commermal or industrial acnwtles on any of the other islands and the

economy of most outlylng atol] islands depends -on fisheries except in the case of

those isfands on which tourist resorts have been developed.
Population and Land Area

While the registered population of Male is some 30,000 as of March 1990, the real
figure should be so me 60,000, accounting for 26% of the total population. In
addition, some 15,000 foreign workers also live in Male. Of the Maldives 1,200
islands, some 270 islands’,_ including 64 resort islands, are inhabited by t_he
remaining 150,000 people. The island of the administrative seat, land area,
population and number of households for each atoll (from the administrative point
of view, there is a total of 20 atolls, i.e. districts) as of March 1990 are given in

‘Table 2-1.



2.1.3

Table 2-1 Country Data on the Maldives

Al | A | oo | Nowovems | Area (1.000m2)

1 | Haa Alifu Dhidhdhoo 13,800 1,836 16,895
2 | Haa Dhali Kulhudhuffushi 15,016 2,293 20,601
3 | Shaviyan Farcothufunadhoo 9,986 1,506 15,742
"4 | Noonu Manadhoo 9,509 1,408 13,982
5 | Raa Kandholhudhoo 12,987 NA 9,883
6 | Baa Eydhafushi 8,908 1,145 7,709
7 | Lhaviyani Naifary. 8,499 1,038 5,532
8 | Kaafu Thulusdhoo 6,745 920 6.525
9 | Male I Male 29,964 . 5,613 1,773
10 [ Atifu Mahibadhoo 5,761 - 560 7,490
11 | Vaavu Felidhoo 1,688 213 652
12 | Faafu Magoodhoo 3,013 387 1,739
13 | Meeinu Muli _ 4,957 619 3,193
14 | Dhaalu Kudahuradhoo 4,917 647 3,482
15| Thaa Veymandoo 10,180 1,176 6,718
16 | Laamu ‘Fonadhoo 9,793 1,430 ° 18,867
17 | Gaafu Alifa | Vilingili - 8287 1,246 8,851
18 | Gaafu Dhaalu Thinadhoo 13,025 1,809 17,114
19 | Gnaviyani Foamulah 7,052 921 4,080
20 | Seenu Hitadhoo 20,787 2,389 244,587
Totat 205,304 27,156 415,415

Source: MEB.

Social and Economic Conditions

Tourism and fisheries constitute the two pillars of the Maldive economy. While the

: shippi'ng industry, together with fisheries, supported the éco_nomy up to the late

1980's, the Gulf War changed the economic picture with the decline of the shipping
industry and tourism is currently the largest source of foreign currency. The lack of
noticeable natural resources, except marine resources, has prompted the Government
of the Maldives to emphasiie the promotion of agriculture since the First National
Development Plan was launched in 1985. However, the agriculturé] production level
is still far from self-sufficiency, forcing the Government of the Maldives to spend
most of its foreign earnings on imports of such foodstuffs as rice, vegetables and
meat. Table 2-2 shows the trade balance while Table 2-3 shows changes in the price
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index. As 'merition_ed carlier, the GNP per capita as of 1991 is US$462 according to
the Statistical Year Book of Maldives 1993,

Table 2-2 Trade Balance of the Maldives

{Unit: 1,000 Rufia)

| - ltem 1988 | 198 | 1990 | 1991 1992
Export Total 351,255 | 400687 | 491,645 | 544335 | 416,957
Tmport Total 842,683 | 1020305 | 1,315406 | 1653844 | 2,001,525
‘Trade Balance | 491428 | 619618 | -823761 |-1,109,509 | -1,584,568

Source: Statistical Year Book of Maldives

Table 2-3 Transition of Consumer Price Index in the Maldives

(Base Year: 1981 = 100)

Item 1988 1989 1990 1991 1992
Consumer Price Index 167.47 179.48 186.03 213.40 249.34
Year-on-Year Indicator - 1.07 1.04 115 1.17

Source: Statistical Year Book of Maldives 1993

Outline of Electricity Sector
Administrative Organizations Relating to Electricity Sector

The public electricity service in the Maldives commenced in 1959 when Male
Power House was established by the 'Govemment of the Maldives. The subsequent
increase of the electricity demand resulted in the reorganization of the Male Power
House to the present Maldives Electricity Board in 1982 which is run under the
direct control of the President’s Office. The MEB is responsible for all aspects of the
electricity service, ranging from the planning of generation, transmission and
distribution to construction work and collection of the service charges for Male
Tsland and for all other outlying atoll islands.

The organizational status of the MEB within the Government of the Maldives is
shown in Fig. 2-1 while the internal o'rgahiZEIIion of the MEB is shown in Fig. 2-2.
The post of the MEB's Chairman is concurrently held by the Minister of Public
Works and Labour. The daily activities of the MER are divided into six bureaus,
Administration, Finance and Accounts, Engineering, Maintenance, Greater Male

.



- Electricity Generation and Management and Outer Male Electricity Generation and

Management.

The body responsible for the impl_ementat’ibn of the Project is the Outer Male
Electricity Generation and Management Bureau, The MEB has a total of 537
‘employees as of July, 1993 (70 for adminis_tmtion, 39 for accounting, 154 for the
" electrical sections, 236 for engine foom'operation and 38 for general work).



(c661 Ut Joquindag JO SB) SOAIPIRIA o) JO 2INIONNG JuswitaA0  [-7 ‘B1d

3 ) " | vonezreSin
™Y ’ preoy PUR SIOM, NMWMH.
poelliorii Anotnsrg aqag jo .
digs EucmeN SOAPEEIL - | Jusumredag
SOAIPTEIN : .
SIIATIG Aunoog SFurddigg pue Ansnpuy
uotTRs TUIURIOTALT 05 pie RuUOnEN Tods
sweyyy | emymoudy [inlsciesve | [BI08 ! | wodsumiy, _pue ope1y,
Scw_mo QI | | uggo | | REDY e || pme sswousty P M%:ﬂmm || o | oy oo | pue 20 | | o kaswany | | g0 Anstmy
5B ) : bt 5 T & AST J0 ADSIury S
i Anstupy Ansuny 30 Aastm . 3o Anstuyy . IO AISTTTA

MIO SAVIPITALY




(€661 ui requuadag o s&) gHIW Jo uonezuesI) -z ‘814

A FEL,
"985 Jwing
— [T _b&nxuuo.m_ _SE_IE_NE _ _ h.c.oﬁ».ﬂsm _ m F— 1_
. ‘ : L
Aovpasog oy m’.ﬁ.ﬂuom m_— g __ Bu_h”w:m _ wsinndeg & —b:oﬁomus.( :, Amprng —_’%E_m _ _ B-_.;.Ebemuﬁ _ §._uh§=< w_
L i h. | P
NOISIAIG zann NOSIAID |- - — NOISIAIG NOISIAIQ NOISIAID
NNGY éuzs.aaz O NDAQY éuEBmd éEzéom;
_HS0I0H ¥AM04 900K JdM0d HSNOH YEMOd HSNOH ¥3M0d ASNOH JSNOH ¥IMI
OCHAVNIEL OOHOSNTNHL, THSHOORUN N OOHAVYIINYE QNVISINYD HYTIWA Y04
anm
.oo_a ._5. §< _ i .ﬁ< _ _ Eﬁ_.m.s..._
NOLLYN

: i or NOLLDZS I AWHARE ¥ HOOLS ¥ - N ZOFQmm o8 - HESHOH JNYIE NOLL

oo | | TNNCSYEd § | SIDHIONG | | ONITUS N | | oaraunon | | auciva| | ONINOISHO | | sousoot | | 30sevan| homionm ﬁm.,m%mﬁo WEMOIATO| | JvarTvasa

) ity . 3 LI LT

L
: _ _ ] _ | I : L ! | [
YOLIANY  [mum]

{wafosg =p 1o

Apog wampasiduy)
NOLLYY . FINYN SINNODDV TVIN FTVIN WALA

~LSININGY LNV % BONVALL ONMIHENIONS HELYEED 0
HOLOTA

NYWAIYHD

-16-



2.2.2

Financial Situation of MEB

The ﬁnanc_ial Sitliation of the MEB is shown in Tal}le 2-4. During 1988 to 1991, the
revenue exceeded the operation cost (fuel and labour) indicating the MEB's healthy
financial state of electricity supply operation. Further analysis of the MEB's
financial situation reveals that rising operation costs in duc o increases in the price
of imported oil, wage hikes and the fluctuation in the foreign exchange rate has been
met by a higher ratc for domestic users on Male Island upon approval by the
go{/ernment as shown in Table 2-5

Table 2-4 Fmanmal Situation of MEB

' : L {Unit: IOOO Rufia)
Ttem 1988 1989 1990 1991

I.  Revenue _
1.1 Saleof Electricity | 356990 | 40916 | 51,000 62,606
112 Others - 1764 496 498 806
- Sub-Total 37,433 41,412 51,498 63,412
2. Operation Cost . ‘
2.1 Fuel 18,035 18,836 26,435 16,482
22 Labor 4170 | 4529 | 5984 9,576
23  Depreciation 3,328 4228 4,272 4,196
2.4 Miscellaneous 8,667 7,770 11,367 10,572
Sub-Total 34200 | 357363 48,058 .| 60,826
3. Profit 3,233 6,049 3,440 2,586
Source: MEB

The clectricity rates charged by the MEB are shown in Table 2-6. There is a large
gap between the rates for Male Island and the rates for outlying atoll islands, taking
iito account that some 80% of the operation cost is incurred on Male Island and that
there is a large income gap between the residents of Male Island (average personal
income of some 1,050 Rufla!month) and the remdents of other outlying atoll islands
(average personal income of some 700 Ruﬁa/month)

At preSent, oril_y'the domestic electricity rate for Male Island is revised every year.

However, there will be pressure to revise the rates for other types of users on Male

Island as well as users on other outlying atoll islands in order to meet the ever
increasing operation costs.

S -
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Table 2-5 (1) Changes of Civil Servant Wage

1985 | 1986 | 1987 | 1988 | 198 | 1990 | 1991 | 1992 | 1993

o | ma | 122 | | o207 | 258 | 351 | 483 | s62

Note: 1985 = 100 o - o
~Table 2-5 (2) Changes of Fuel Oil Price
" (Unit: Rufia/l)
1985 1986 1987 1988 1989 1990 1991

30 | 30 | 275 | 275 | 30 | 45 | 415

Note: Maximum piice recorded in each year
Source: Statistical Year Book of Maldives

“Table 2-6 Electricity Rates (1988 - 1991)

~ (Unit: Rufia/kWh)

Item 1 1988 1989 1990 1991
Male island ' '
- Domestic 1.16 1.06 1.78 1.81
- Commercial 3.50 3.50 3.50 3.50
- Industrial - | 350 3,50 3.50 3.50
- Governunent 2.25 - 2.25 2.50 2.50
Thulusdhoo Island - 1.50 150 |- 1.50 1.50
Ganlsland 150 1.50 1.50 150
“Thinadhoo Island 1.50 1.50 © 150 © 150
Kuthudhuffushi Island 1.50 1.50 150 | 150
All User Average 2.20 2.28 2.30 242

National Power Supply Situaiions;

(1) Generating Facilities for Commercial Power Supply by MEB and Indepcndent
Generating Facﬂlues

n addition to the MEB, there are also several public institutions in the Maldives
which have generating facilities. These include the _State'Trading'Organizatioh
(STO), Maldives Air Services, Ltd. (MAA) and Addu Atoll Development
Associ_aiion (ADA). Moreover, some individuals and compani_cS running tourist
resoris have independent generating facilities. As the generating facilities -
owned by the STO, MAA, ADA, indiViduals and resort companies are designed
for their own consumption, there are not any direct benefits to the public.

-12-



Of the some 1,200 islands which comprise the Maldives, 266 islands, including
64 resort islands, are inhabited. Of these, 177 have an electricity supply in one
form or another, and the domestic clectrification rate of 69% is fairly high (as of
1990). However, the reality of the electrificét_ion of outlying atoll islands is
rather poor as a household with a diminutive SW lamp is included in the
calculation of the electrification rate.

The historical Changc_s of the electrification rate are shown in Table 2-7, and
institutions owning generating facilities and electrified islands as of August '
1993 are shown in Table 2-8. Furthermore, details of the generatmg facilities
owned by the MEB are given in Table 2-9. The current generating facilities in
the Maldives are predominantly diese! oil-based with small solar generating
devices (1 or 2 panels/device) used to operate radio station.

Table 2-7 Changes of Electrification Rate

: (Unit: %)
o 1977 1985 1990
National Average 9.8 - 555 69.0
- Male Island 583 NA 93.8
- Other Islands 23 47,7 63.3

Source: Population and Housing Census, 1977, 1980 and 1990
(provided by RTM).

Table 2-8 Owners of Generating Facilities and Electrified Islands
(August 1993)

QOwner ' Electrified Islands Generator Number of
Aol Island Capacity (kW) | Electrified Islands
MEB Kaafu Male 12,671
: ' Thulusdhoo 188
Seenu - Gan 2,700
Haa Dhall Kuthudhuffushi 300 : 10
_ - Hanimaadhoo 350
Gaafu Dhaalu | Thinadhoo 300
Gnaviyani Foammulah 350
STO . - . 44
MAA | Kaafu Huthule '
Laamu Kadhdhoo 118.5 4
Haa Dhall. - - | Hanimaadhoo 70
. : Alifu Khaadidhoo
ADA | 'Seenu ‘Gan i
Individuals | Resort Islands : 64
{Companies) Individuals 57
Total : - 177

-13 -



Tablc_2—9 Ge_neréting Facilities of MEB (August, 1993)

Date of

Generator

Voltage

. . ' Revolution
. Blectiified Islands Unit No. Operation | Capacity (kVA) | (V) (rpm)
Atoll’ Istand C Commenceinent | e .
Kaafu Male 1 1978 186.25 400 750
2 1978 186.25 400 750
3 1962 208.00 400 600
4 OCut of Order : :
5 1978 625.00 400 1,000
6 1978 625.00 400 1,000 -
7 Out of Order o
8 1972 291.50 - 400 750
9 1972 291.50 - 400 750
10 Out of Order : ‘
11 1984 625.00 400 750
12 1986 625.00 400 1,000
13 1987 1,487.00 11,000 1,000
14 1989 1,000.00 400 1,500
15 1989 1,000.00 400 1,500
16 199t 2,700.00 | 11,000 750
17 1991 2,700.00 11,000 750
_ (Sub-Total) - 12,671.50 o _
Seenu Gan 1 Aug. 1985 675.00 3,300 428
2 Aug. 1985 675.00 3,300 - 428
3 Aug. 1985 675.00 3,300 428
4 Aug. 1985 675.00 3,300 428
{Sub-Total). 2,700
Haa Dhall | Kulbudhuffushi 1 Apr. 1988 100.00 400 1,500
' 2 Apr. 1988 100.00 400 1,500
3 Apr. 1988 100.00 400 { 1,500
1 (Sub-Total) 300.00 o
Gaafu Dhaall | Thinadhoo i Apr. 1988 100.00 400 1,500
' 2 Apr. 1988 100.00 400 | 1,500
3 Apr. 1988 100.00 400 | 1,500
{Sub-Total) 300.00 -
Kaafu Thulusdhoo 1 July 1984 94.00 400 1,500
2 July 1984 94.00 400 1,500
3 Out of Order :
(Sub-Total) _ 188.00 _
HaaDhall | Hanimaadhoo ! July 1992 37.50 400 1,500
2 July 1992 37.50 400 1,500
_ (Sub-Total) ' 75.00 ' '
Gnaviyani | Foammulah 1 Oct. 1992 175.00. 400 1,500
2 Oct. 1992 175.00 400 1,500
(Sub-Total) 350.00 '
Total 16,584.50

-14 -




2.3 OQutline of Related Plans

2.3.1

National Development Plém

National development efforts in the Maldives have been based on the First National
Deveiqpment Plan (1985 - 1987), Second National Development Plan (1988 - 1990)
and Third National .Developmént Plan (1991 - 1993). The Ministry of Planning and
Environment (the former Miniétry of Planning and Development) has a central role

in regard to planning and implementation. The current year, 1993, is the final year

of the "Third National Development Plan, and there are strenuous efforts being made

to achieve social and economic development and to improve the welfare of the

public. These plans had or have the following goals.

(1) First National Development Plan (1985 - 1987)

1)
2)
3)

To improve the living standards of the population
To balance the economic and social progress between Male and the atolls

To attain greater self-reliance for future growth

(2) Second National Development Plan (1988 - 1990)

The three general goals of the First National Development Plan were inherited

by the Second National Development Plan and the following priority areas were
identified.

1)
)
3
4)

5)

6)
7)
8)
9

To increase the gross domestic product as well as national product
To increase the foreign exchange earnings
To increase the level of incomes especially in the atolls

To provide better and balanced'he_alth and educational facilities throughout
the counity

To emphasise human resources development as the basis for all

- development activities

To give more emphasis to atoll development
To accelerate the decentralization process
To relieve Male of its congestion

To accelerate the process of import substitution especially in food and
agricuiture products

10} To preserve and properly manage the environment

15 -
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(3) Third National Development Plan (1991 - 1993)

The following development goals have .bcen adopted for the Third National
Development Plan. In essence, all the goals and targets of the First and Second

Plans have been inherited.

1)

)

Secure improvements in the living standards and quality of life of all

Maldives

Ensure that the benefits of development are shared miore equitably among

~ the population

-3)

Achicve greater self-reliance which is essential for future growth

In order to achieve these goals, the following priority areas have been identified.

1)
2)

3)

4)

5)

Economic management and de#elopmcnt
Infrastmcture development

Social development

Institutional development

Environment

Rectification of the development gap between Male Island and outlying atoll

~ islands has been on the agenda throughout the three plans, and the electrification of

outlying atoll islands has been promoted by the Government of the Maldives. The

MESB is part of the overall effort to close this gap.

Development Projects in Electricity Sector

Since the launching of the First National De'velopn_lent Plan in 1985, a series of

projects have been implemented, mainly using loans from the Asian Development

Bank (ADB), to improve the electricity sup'ply in the Maldives. The planned

electrification projects and the projects actually implemented during the three

national development plan periods are shown in Tables 2-10/12,

S16-



Table 2-10 Electrification Projects under First National Development Plan

- Project . Summary
Upgrading Male 1) Donor: ADB
Electricity 2) Finance: Loan

3) Cost: US$535,500

4) Year of Completion: 1985

5) Project Qutline:
- Provision of diesel generating facility (1,000 kW x 1) and switchgear
- Improvement of cooling system

Electrification of Atoll
Islands {Phase 1)

1) Donor: ADB

2) Finance: Loan

3) Cost: US$461,200

4) Year of Completion: 1985, :

5) Project Qutline: Electrification of Thmadhoo and Kulhuclhuffusm Tslands
with the provision of three 80 kW diesel generators for each island

Male New Power Station

1)- Donor: Not yet decided
2) Finance: Loan/grant

1.3) Cost: US$3,150,000

4) Year of Completion: 1985
$) Project Outline: Transfer of old power station to new site

Electricity Supply to
Seenu Atoll

1) Donor: ADB/UK
2) Finance: Grant/loan
3) Cost: US$1,737,800

-4)’ Year of Complétion: 1986

5) Project Qutline: Construction of transmission line from Gan Island to
Hitadlioo, Maradhoo and Faydhoo Islands

Atoll Island Public
Electricity Supply
(Phase 2)

1) Dorior; Not yet decided

2) Finance: Grant/loan

3) Cost; US$4,366,000

4) Year of Completion: 1997 (commenced in 1987)

5) Project Outline: Electrification of 20 1s!ands based on pnoruy order
-4 islands {1986 - 1987)
- 12 islands (1988 - 1950)

Table 2-11 Electrification Projec't's Under Second National Deﬁelopment Plan

Electrification (Phase 2)

- Praject ‘ ' Summary
Institutional 1} Donor: ADB
Improvement 2) Finance: Grant
3) Cost: US$350,000
4) Year of Completion: 1988
5) Project Quiline: Provision of consulting services in following areas io
improve functions of MEB
- Accounting, finance and management
- Coordination of electricity distribution between Male Island and
Hulhule Island as well as Vilingili Island
Power System 1) Doner: ADB
Development 2) Finance: Loan
. 3) Cost: US$7,503,200
4y Year of Compleuon 1991 (commenced in 1988)
5) -Project Outline: Expansion of generating capacity and improvement of
‘distribiution network to respond to increased demand on Male Island
- Constritction of new power station equlpped with 2 MW diesel generator
: -and other facifities
1 Atoll Island 1) ‘Donor; Not yet decided

2) Finance: Loan/grant

3) Cost; US$4,366,000 -

4) Year of Completion: 1998 (commenced in 1988)

5) Project Quiline: Elecwification of 20 islands based on priority order

-17-




Table 2-12 Electrification Projects Under Third National Development Plan

Project

Summary

Power System
Development Project

1} Donor: ADB
2) Cost: US$7,209,500
3) Period: Dec. 1989 - Nov, 1992
4) Project Outline: ' '
- Expansion of generating capqcny of Male Powm Station to 5.4 MVA
- Construction of new substation on Male Island to unprove distribution
network

Second Power System
Development Project

1) Donor: ADB
2) Cost: US$15,912,000
3) Period: 1992~ 1994
4) Project Ovtline: |
- New instaBlation of one 2.7 MVA and two 6 MVA generators on Male
istand :
- Construction of new subslanon on Male Island to improve distribution
network

Electrification of
Lhaviyani Atoll

1)- Donor: Not yet decided

2) Cost: U8$1,521,400

3) Period: 1992 - 1995 .

4} Project Qutline: Electrification of 3 islands, i.e. Naifaru, Hinnarar and
Maafilaafushi Islands, of Lhaviyani Atoll

Electrification of Kaafu
Atoll

1). Donor: Not yet decided -

2) Cost: US$2,317,000

3} Period: 1991 - 1993 . _

4) Project Outline: Electrification of 2lslands i:e. Vilingili and Meemfenfushl ’
Islands, of Kaafu Atol!

Electrification of Laamu
Atoll

1) Donor; Not yet decided

2) Cost: US$3,928,000

3) Period: 1992 - 1993

4) Project Qutline: Electrification of 3 islands, i.e. Gan, Maandhoo and
Kadhdhoo Islands, of Laamu Atoll

Electrification of Seenu
Atoll

1) Donor: Not yet decided

'2) Cost: US$3,673,000

3) Period: 1992
4) Project. Qutline; Electrification of 5 lSlaﬂdS of Seenu Atoll ie. Ma:adu
Fedu, Maradhoo, Hithadhoo, Huludhoo and Meedhoo Islands -

Electzification of aa
Alifu Atoll

1) Donor: Not yet decided
2) Cost: US$486,000
3) Period: 1991
4) Project Outline: i
- Electrification of 2 islands, i.e. Kelaa and Hanimaadhoo Islands, of Haa
Alifu Atoll

Energy Sector Master
Plan

i) Donor: UNDP/AIPE
2} Cost: US$165,000
3) Period: 1992 - 1993
4) Project Outline:
- Preparation of master plan for elecmcxty sector as requestecd by Ministry
of Planning and Environment
- Improvement forecasting system for electricity demand
- Establishment of energy database
- Procurement of mxcrocompuiers
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2.4 Background and Content of ihe Request

2.4.1

24.2

® @ ®

®

B.a_ekgroun{l of the Request

The Government, of the Maldives has prepared a series of National Development
Plans with the'tOp pn‘ority given to alleviating the excessive unipolarisation of all
the country s socioeconomic funcnons in the- capltal Male and the construction of
socioeconomic infrastructure for the development of outlymg atoll islands.

As pait of the overall effort to aeh_ieve these pri.orit.y targets, the Government of the
Maldives and MEB have prepared the Atoll Island Electriﬁcafion P_reject and have
been makling active implementation efforts. However, the progresé of project
implexllenfatio'n has been critically delayed due to the acute financial constraints
faced by the Government of the Maldives, resulting in failure to much improve the

above-mentioned unipolarisation.

" In order to improve the deadlock situation, the Government of the Maldives has

requested the Government of Japan's provision of grant aid for the electrification of
six high priority outlying atoll islands.

Contents of the Request

Through discussions with the Maldive side that the priority for electrification was
suggested as follows.

® Nai.fafu |

H.innavaru

Eydhafushi

Gan

@

Kan'dholhudhoo

Kelaa

The following basic study issues and contents were confirmed by the Basic Design
Study Team as a result of discussions with the Government of the Maldives.
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ey

(2)

(3)

Provision of Equipment

1) Provision and installation of three diesel generators (including one reserve
generator and auxiliary mechanical and electrical equipment) for each of
Naifaru, Eydhafushi and Gan Islands.

2) Provision of distribution equipment and materials (including domestic
meters and distribution boards) for Naifaru, Bydhafushi and Gan Islands,

3) Supply of spare parts for above items 1) and 2) (Approx. 2 years supply),
and installation/maintenance tools.

4) Provision of maintenance manuals relating to above items 1), 2) and 3).

Construction of Buildings

Construction of power station buildings, administrative office buildings and
foundations to support generators, etc. on Naifaru, Eydhafushi and Gan Islands.

oJT

Provision of OJT during the installation and test operation periods of the

generating facilities.

It was noted that the Maldive side expressed a strong desire for the training of

their technicians in Japan in addition to the above-mentioned OJT during the
construction period. Primarily, the Maldive side favours additional training in
Japan to help these technicians become completely competent with the
operation and maintenance technologies/techniques for the new power stations
to be constructed under the Project.
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' CHAPTER3 OUTLINE OF THE PROJECT

31 Location and Current Conditions of Subject Islands

311  Location of Subject Islands

'The._]ocatioﬁ of the three subject islands and the proposed power station sites are
" shown in Table 3-1.

Table 3-1 Location of Subject Islands

Naifaru Eydhafushi Gan

Item
Location of Island | Some 130 km north of Male | Some 110 km northwest of | Some 230 km south of Male
“as shown on the Location Male as shown on the | as shown on the Location
_ Map ' g Location map | Map
Location of Power | On the east coast as shown | To the north of the football - | In the central village,
Station on the Location Map ground on the north coast as | Mathimaradhu, of the 3
| ' shown on the Location Map | villages on Gan Island as
shown on the Location Map
Elevation of Power 1.5m o o 1.5m . 1.5m
Station

3.2  Current Conditions of Subject Islands

The current conditions of the subjeci islands at the time of the field survey

conducted in August and September, 1993 are outlined in Table 3-2.

(1) Naifaru

Naifaru Island has a population of 3,985 with some 650 households and is the
administrative seat of Lhaviya'ni Atoll. It has a population density of 25,000
persons/km2. As the island has dense housing and public buildings, substantial
sites for the future development .of housing and public buildings' appear to be
unavailable. The islanders mainly rely on fisheries for their livelihood and some
300 (7.5% of the total population) commute daily to the tuna canning factory on
neighbouring Felivaru Island.

While there is a health center on the 'island, the lack of a full-time doctor at
either this health center or on Lhaviyani Atoll means that urgent cases must

- fravel to Male by boat. There are several small factories, including a bakery, a

fishing boat manufacture and repair workshop and a welding workshop. The
Yammar Center (repair shop) on the east coast conducts the repair of diesel
engines. '
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(2)

Some of the wealthy islandexrs own portable diesel generators for their personal
use while some households receive electricity generated by the community-run
diesel generator. At the time of the field survey, 347 households (just more than
half of the total number of households on the- island) are electrified. The
communal supply of electricity is limited from 6 o'clock in the evening for 5
hours until 11 o'clock and is not available during the. day at all. Despite this
modest supply, the islanders are required to pay 1.0 RfM/mbnth for lighting
and 100 Rf/month for a small refrigerator and greatly hope thai the MEB will
provide a stable and adequate supply of electricity. A minimum réquired sized
site has now been secured on the east coast for the new power station.

1) Purposes of Electrification
Domestic electrical appliances are restricted to lighting, ceiling fans and
radios because of the currently limited communal supply of electricity.
With the MEB's provision of ‘a stabie,"dd'cqu'ate supply of electricity
throughout the day, it will be possible for the islanders to use sewing
machines, irons and refrigerators to improve their standard of living,

2) Current Conditions of Existing Generating Facilities

There is a communal power station (approximately 100 m?) at the center of
the istand which is eqﬁipped with six diesel generators (2, 3, 7, 10, 12.5 and
40 kVA). These generators are not synchronously operated and the volume
of spare parts in stock appears to be negligible,

Eydhafushi

Eydhafushi Island bas a population of 2,436 with some 420 households and is
the administrative seat of Baa ‘Atoll. It has a population density of '10,000
persons/km?. While the island has dense housing and public buildirigs, some
26,000 m? of land (some 10% of the total land area) at the western end of the
island has been earmarked for future housing development. It was decided that
the present sports ground (40m x 60m) will be used as the site for the new
power station. ' |

The island's economy refies on fisheries. Some 500 islanders are engaged in
deep-sea fishing and are absent from the island for a year once they sail from
the island. B



Some of the wealthy islanders own portable diesel generators for their personal
use. While the procurement.of ‘generating and distribution facilities for the
communal electricity service commenced seven years ago, only the generators
(40 and 50 kVA) have so far been installed. As the laying of the underground
distribution cable (3'5 mm?2) has not yet been completed, no communal supply of
electricity is available. As the 1mplementanon of the remaining work for this
communal electricity supply service must wait until sufficient funds are
avaalable, no firm date for oper ation commencement has been set. Even if the
remaining work is completed, eiectrwity will only be supphed for 5 hours/day,
from 6 o'clock in the evemng until 11 o'clock,. Moreover, both the generatmg
and distribution capamtles are suspected to be inadequate to meet the demand.

As m the case of Naifaru Isiand, the islanders greatly hope for the MEB's

provision of a stable and adequate supply of clectricity.

D Purpoées of Electriﬁcation

Small-scale generators for personal use s 'curréntly the only form of
electricit.y supply on the island; common electricity supply is not available
to ordinary islanders. Electrification of the island by the MEB means that,
as in the case of Naifaru Island, all the istanders will be able to use not only
ligh'ting, ceiling fans and radios, which are currenﬂy enjoyed by those
owning portable generators, but also sewing machines, irons and
refrigerators, ete., throughout the day to improve their standard of living.

2) Current Conditions of Existing Generating Facilities

There is a det_e'rio'ra:ted' communal power station (approximately 100 m?) at
the center of the island which is equipped with two diesel generators (40

“and S0 kVA). As neither of these generators have been operated in the five
years since they were installed, however, measurement of the insulation
resistance of the winding and its réplacemegnt if necessary is essential. In
addition, a thorough inspection of the diesel engines is required.

The planned electrification of the island by the MEB includes the purchase
of communal generators-and undergr'ound cable by the MEB with a view to
their use for the electrification of another island. The reason for this
arrangen"_xlent'is that although the two generators have never been used,
different generating czip'acities makes it inappropriaie to run there
simultancously or to distribute the load evenly. Moreover, the total
generating capacity is insufficient to meet the expected demand level. In the
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case of the underground distribution cable, the size of cable is unsuitable
for use for the Project.

(3} Gan

Gan Island is the }algest lsland in the Maldwcs and is mostly covered by
coconut and other trees Three small vnllages ie. Thund1 Mathlmaradhu and
Mukuri Magu, are scattered in the northern castern and southetn ends of the
island, respectively. There is a plan to develop an industrial estate in the western
end of the island, and there are two sewing factories with Indian capital
currently operating. Gan Island is located unmcdlately next to Maandhoo,
Kadhdhoo and Fonadhoo Islands ahd_'a road link has been established between
'Gan Island and these islands to’périﬁif access by vehicle.

There are some individually owned portable generators and communal diesel
generating facilities in cach village and 234 households (some 80% of the total
291 households) are electrified in one form or another. The electricity supply is
limited from 6 o'clock in the evening for 5 hours until 11 o'clock. Despite the
restricted supply, the islanders receiving communal electrluty are required to
pay 1.5 Rf/W/month. - :

As in the case of the previous two islands, the inhabitants of Gan Island are
hopeful of the MEB's provision of a stable and adequate supply of electricity.
Given the fact that the Government of the Maldives hopes to implcment a large-
scale eIcctrification'project which covers Gan Island as well as its four
neighbouring islands, an air ficld on Kadhdhoo Island and an industrial estate

~on Gan Island, it may be difficult to make the provision of d(_)méstic electricity
supply on Gan Island alone fit into the overall development scheme.

1} Purposes of Electriﬁcaﬁo_n

As stated above, the supply of eleciricity should not be restricied to
domestic use but should also cover the airfield and industrial estate.

2) Current Conditions of Existing Generating Facilities
Each village has a communally owned diesel generatbrs'. _

Thundi . 27kVA
Mathimaradhu : 25.7kVA
Mukuri Magu : 28kVA
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The generator specifications are single phase, 240V and 3,000 rpm and are
judged unsuitable for long, continuous operation because of the high

revolution rate.

Table 3-2 Current Conditions of Subject Islands

Item " Naifaru Eydhafushi Gan
‘Land Aréa (m?) 156,000 225,000 5,124,000
2 | Population (July, 1993) 3,985 2,436 1,981
3 Number of Households 650 420 291
(July, 1993) . (includes 86 developed lois) | {includes 50 developed lots)
4 Eleciricity Facilitics '
4.1 | Ownership communal communal communal
4.2 | Capacity (kVA) 745 90 80.7
& _ (under construction)
4.3 | Operating Hours 5 hours 5 hours 5 hours
_ : : (18:00-23:00) (18:00-23:00) {18:00-23:00)
4.4 | Distribution Voliage (V) 400/230 4004230 230
45 | Rate Rf/kWh) 1.0 Rt/W/month undecided 1.5 REfW/month
(for lighting)
46 | Blectrification Rate (%) 53 0 80
15 | Public Facilitics
5.1 | Atoll Office yes - ¥€s no
5.2 Island Office yes yes 3
5.3 | Court House yes no 3
5.4 | Telephone Exchange Office yes - no 1
|55 | Potice Station yes no no
5.6 | Post Office yes - no RO
5.7 | School 3 yes 3
{1 under construction)
58 | Health Center yes yes _ |
' (usider construction)
5.9 | Club House yes ne no
5.10 | Library no no _no
5.11 | Mosque ' yes no 4
‘ o {1 under construction)
5.2 | Jetty concrete wood and concrete concrete
5.13 | Water Supply rainwater rainwater no
6 Perscnal Facilities
6.1 | Diesel Generator (set) 25 33 10
6.2 | Boat House yes 28 11
6.3 | Handicrafts . 1o yes no
|64 | Fishing Boat Repair Shop yes yes no
65 | Car ‘ o no __mo ' 5
1 Average Income of Working 700-800 800-900 700-800
Person (Rffmonth) o ,
38 Development Plan no no industrial development
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3.2  Natural Conditions

3.z21

Climate

(1

2

3)

C))

(5)

(6)

Climatic Zone

The Maldives be10ng to the tropical monsoon zone and are subject to- two.
prevailing stiong winds characteristle of the Indian Ocean, i.c., north-east wind -
from November to April and a south-west wind from May to October, with

much rain and thunder.

Temperature

The average temperature is constant in the range of between 26°C and 29°C
throughout the year. The highest and lowest recorded temperatures are 34.1°C
and 17.2°C 1espect1ve1y '

Relative Humidity

The day-time relative humidity is constant at around 80% throughout the year.

Rainfall

The annual rainfall is 'approximately 2,000 mm, most of which is concentrated
in the rainy season between May and October. A characteristic of the local
rainfall is that the rain continues for a week unlike regions subject to tropical
squalls. There are some 20 days of rainfall/month during the rainy season.

Wind Velocity and Wind Direction

The prevailing wind direction is north-east from November to April and south-
west from May to October. The average wind velocity is almost constant and
gentle at 4 m/sec which can increase to 8 m/sec during the rainy season.

Daylight Hours and Insulation

The average number of daylight hours is approximately 8 hoﬁrs/day. Aecording :
to the Energy Sector Volume of the Third National Development Plan, there is
high potential for photovoltaic generation during the dry season. At present,
only small photovoltaic generating devices ate used to power for radio station.
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(7) Earthquakes

'No earthquakes have been recorded in the Maldives.
(8) Lightning
Thunder occurs somé 30 times/yeat.

(9) Tsunami and Flood Tides

On April 10th, 1987, a flood tide assauited Male and nearby islands for four
days, causing extensive damage. A disastér prevention project is currently being
- implemerited on Male Island with Japanese grant aid. '

Cyc'lones

- As the Maldives are not on the normal cyclone paths, serious damage has not been
caused by cyclones. The strongest wind ever recorded was 31.9 m/sec on November

3rd, 1987.

3.3 Social Conditions

3.3.1

Port Facilities

None of the three_Subject islands have a jetty equipped with facilities to load/unload
construction equipment and materials. Barges should, therefore, be used for the

transportation of such heavy equipment as diesel engines (up to 3 tons) to be

provided imder the Project. Lighter materials, such as cement (approximately 50
kg/bag), can be transported by the conventional method of "Dhoni" for manual
unloading at the jetty.

332 Roads

The roads on the subject islands are unpaved, but were judged to be capable of
supporting the transportation of heavy items associated with the Project. The
absence of such transportation as trucks, however, makes manual transportation,
possibly using rollers, of such items necessary.
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334

Telecommunications

There is a telephon.e/fac'simile link between Male and hotels on the resort islands
and major countries throughout the world. Between Male and any of the subject
islands, VHF radio system is used because of the small number of telephone lines
available. ' '

Living Environment

- Most of the isla_nders live in houses made of coral stones which are a specialty of the

Maldives. Public transportation and cars are not available on Naifaru and
Eydhafushi Islands. Domestic water is stored rainwater; salty ground water from
wells is used to flush toilets.

The relatively wealthy islanders own portable diesel generators. The communally
run diesel generators. only provide electricity during certain hours,. producing
substantial desire of the islanders for the MEB's provisibn of a stable supply of
electricity.

3.4  OQutline of Electricity Sector

341

Electricity Supply on Subject Islands

(1) Islands with Power Station and its Operation

The MEB, the public eleciricity board in the Maldives, provides an electricity
service on Male and on nine outlying atoll islands. There are two power stations
in Male, the Old Power Station and the New Power Station. In the case of the
outlying atoll islands, the MEB 6pcrates six power stations {on Gan Island of
Seenu Atoll, Kulhudhuffushi Isiand of Haa Dhall Atoll, Hanimaadhoo Island of
Haa Dhall Atoll and Foammulah Island of Gnaviyani Atoll). The operational
conditions of the local power stations owned by the MEB are briefly described
betow, and are outlined in Table 3-3.

1) Gan

Four generators (including two reserve generators) became operational in
1985. The current total output capacity of 2,160 kVA far exceeds the
maximum demand of 406 kW, presenting a favourable picture in terms of
the supply and demand balance. The Government of the Maldives hopes

28 -



that Gan Island will become a key base for the country's industrial
developmenf.

2) Kulhudhuffushi

Three 100 kVA generators (including one reserve generator) became
operational in 1988, The current total output capacity of 270 kVA exceeds
the maximum demand of 152 kW and should be able to meet any demand
increase in the immediate future. The fuel stock level is equivalent to
approximately three months consumption. The pow'er station appears to be
well run by the MEB with well-stocked parts and a well-equipped
workshop. |

3) Thinadhoo

As in the case of Kulhudhuffushi, three 100 kVA generators (including one-
reserve generator) became operational in 1988. The current total output
capacity of 270 kVA is well above the maximum demand of 82 kW.

4) Thulusdhoo

Three 75 kVA generators became operational in 1984, but one is currently
out of order. As the current total output Capacity of 150 kVA (excluding the
capacity of the broken generator) is well above the maximum demand of 52
kW, there is not an immediate problem in regard to the electricity supply
anticipated.

5) H'anii_naadhoo

Two 37.5 kVA g.enerators became operational in 1992. While there is not a
reserve generator (space for an extra g’enerétor is provided in the power
station building), the current total output capacity well satisfies the
maximum demand of approximatety 20 kW,

6) Foammulah

Three 175 kVA generators (including one reserve generator) became
operational in 1992. The current total output capacity of 300 kVA is well
above the total demand of 185 kW.

The MEB is currently constructing a new power station on four islands, i.e.,
Dhidhdhoo Isiand of Haa Alife Atoll, Gadhdhoo Island of Gaafu Dhaalu Atoll,
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Vilingili Island of Gaafu Alifu Atoll and Hulhudhuffaaru 'Isl_and of Raa Atoll, and
the planning details of these power stations are given in Table 3-4.

On the subject islands (Naifaru, Eydhafushi éhd Gan), the available diesel

~_ generators are privately or communally owned and the MEB currently does not have
any facilities on these islands.
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Table 3-4 Installed Capacity of MEB's Power Stations Under
: Construction on Out]ymg atoll islands

, Island Unit No. Pg:::frﬂe?xggﬁsﬁn Capisfg‘@"(?w\) Remarks
Dhidhdhoo 1 - Dec, 1993 100 One 100 kVA generator is a reserve
2 100 '
3 " 75
Sub-Total - | 215 - | R
Gadhdhoo 1 Dec, 1993 100 One 100 kVA génera_lor is a reserve -
2 " : 100
3 . 75
Sub-Total 1 - 275
Vitingili © Dec. 1993 : Currently at design stage
Hulhudhuffaary I ~ Dec. 1993 100 One 100 kVA generator is a reserve
2 "] 100 '
3 ) 80
Sub-Total . 280
The Basic Design Study Team visited the power station on Dhidhdhoo Island in

September, 1993 and {ound that the building's finishing work was in progress. As

installation work had not been conducted, the commencement of actual operation at

the end of 1993 as planned appears difficult,

342  Future Development Plan and Estimated Electricity Demand of Subject Islands

ey

Future Plan

As already stated, the Governiment of the Maldivés and MEB have been
earnestly promoting the electrification of ou_tljfing atoll islands in accordance
with the Atoll Island Electrification Project as part of the Third National
Development Plan. While Naifaru Island and Eydhéfdshi Island are the district
seats of Lhaviyani Atoll and Baa Atoll respectively, the degree of electrification
is sull .‘oniy'partiagi and unstable. Consequently, these two islands are given high
priority in the Project and the islanders strongly hope for the prdvision of a
stable supply of electricity by the MEB. In the case of Gan 1sland, apart from a
similar strong desire for electrification on the part of the islanders,
electrification of the island has an extra dimension in terms of its link with the
industrial estate development project. And the simultaneous electrification with
to implementation of to industrial estate developiment is planned for,
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(2) Demand Forecast

The subject islands of the Project are'pﬁrtially clectrified with the use of
prlvately and/or communally owned generators. While many electrified
households have llghtmg and ceiling fans, only some public buildings have
refrigerators and alr-condltiomng cquipment.

~ To forecast the likely demand following the completion of electrification under
the Project, it has been decided that, given the small size of all three subject

' 1slands which have a similar environment, a detailed survey will be conducted -
for Nalf'uu Isl’md in view of adding all the loads to determine the present

' potentlal.demand, in turn to be used to calculate the likely demand in 5 years
time. The likely demand ins years lime for the remaining two islands will be
calculated based on the same conditions applied for Naifaru Island.

1) Potential D_ema_nd

The total potential demand on Naifaru Island was calculated in the
following _m'anner; Firstly, the total domestic power load (185 kW from
Table 3-5) was added to the total power load of public facilities (60 kW
from Table 3-6). Using a general demand rate of 0.46 which takes the

~likelihood of a simulianeous load and different life patterns between
households, etc. into conmderanon the potential demand on Naifaru Island
was calculated to be 113 kW.

(185 kW + 60 kW) x 0.46 = 113 kW

The general demand rate of 0.46 was adbpted as this is the rate used in
Japan for a group of more than 100 households. The average électricity
demand per household was given by dividing the island's total demand of
113 kW by the number of households (564). However, the demand per
household of 200 W was adopted in view of extra load required to run the

above-mentioned public facilities.
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Table 3-5 Potential Electricity Demand on Nai_faru Island (Domestic)

No. L:oa dlom "Load 'P_'éss_ession ' Number of | Total Load
| (W).1 Ratio (%) | Households (kW)
1 | Lighting | 200 §100.0(*1).|, 564 i
2 | Ceiling Fan 80 |100.0(*1) | 564 46
3 |Radio 140 | 350¢ | 20 3
"4 | Television 140 0.9 (*2) 5 1
5 | Refrigerator © | 140 10¢22) | 6 1
6 | Washing Machine, | 200 |- 27(*2) 16 -4
7 | Sewing Machine 100 340420 | 20 )
8 |lron {750 | 3s5¢nf 20 15
Total - - | 185
Notes

(1) Estimate
(2) Statistical Year Book of Maldlves, 1993 (Table H-27).

Table 3-6 Potential Elecmmty Demand on Naifaru Island (Pubhc Factlities)

No Load Item Load Possesswn Number of Totai Load Remarkes
: (W) | Ratic (%) | Households kw) N
- 1. |Lighting. 800| 100 - |- 170 - | 14
2 | Ceiling Fan 320 00 | 170 - 6
3 | Radio 140 100 17.0 3
4 | Television 140( 100 17.0 3
5 | Refrigerator 401 50 85 2
6 | Electric Heater 500 50 8.5 5
7 | Air-Conditioner 1,000 50 .85 9
8 | Rainwater Pump 200 50 8.5 2
9 | Street Lighting 40 100 50.0 5
o ' : ' Dhoni
10 { Others . 5,500 100 2 11 Workshop or
- . . Port Facilities
Total - - _— 60
Notes

(1) Breakdown of public facilities: banks - 2, mosques 4, atoll offices - 2, health
center - 1, warehouses - 2, workshops - 1, social centres - 1, schools - 4,

2} Future Demand Forecast

The total demand on Naifaru Island for 1994 was forecast by multiplying
the estimated average demand of 200 W/household, inclusive of public
facilities, by the number of households. For the demand forecast for 1995
onwards, an annual rate of demand increase of 10% was used to allow for
increases of populatoin, the number of households and the number of public
facilities and also for the wider use of electrical appliances, As in the case
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of Naifaru Island, the livelihoods of the inhabitants of both Eydhafushi
Island and Gan Island mainly depend on fisheries. Coup.lcd with a similar
standard of living on all three islands with populations fangiug from some
2,000 to 4,000, the average demand per household on Eydhafushi Island
and Gan Island has also been set at 200W. The resulting medium-term
clectricity demand forecast up to 1998 for the three subject islands is given
in Table 3-7.

Table 3-7 Forecast of Electricity Demand for Subject Islands

. {(Unit: kW)
Number of ]
Naifary : 564 113 125 138 152 168
Eydhafushi 370 74 82 91 101 112
Gan 291 59 63 72 80 83
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4.1

CHAPTER 4 CONTENTS OF THE PROJECT

Objectives

The Government of the Maldives has prepared a series of National Development Plans
with the highcs't priority given to improving the national standard of living and
eradicating regional gaps through the development of socioeconomic infrastructure on

: otitlying atoll islands and has been promoting the electrification project to achieve

these goals.

- As of 1990, the national average electrification rate is as high as 69%. While the rate in

4.2

4.2.1

Male is 93.8%, however, the rate for outlying atoll islands, including electricity supply
for special facilities, of 63.3% is much lower. Given the fact that only nine outlying

atoll islands in addition to'Male receive electricity from the MEB, the electrification

rate for outlying atoll islanids is still generaily low, implying that promotion of the
electrification of non-electrified out]_yiﬁg:atoll islands will be extremely useful in
solving a number of problems currently faced by the Maldives.

Against this background, the Project intends to promote the electrification of certain
islands to urgently improve the electricity supply in the Maldives in view of achieving
stable life and the efficient operation of public welfare facilities on the subject islands.

Examination of Contents of the Request
Viability and Necessity of the Project '

While some of the-sﬁbject islands have electricity generated by personal and
communal generators, the limited operation in terms of the supply hours greatly
constrains local life, the running of public welfare facilities and industrial activities.

The present situation is that medical and educational services, which are essential
aspects of social life, may stagnate unless appropriate improvement of the electricity
supply is conducted through the implerrientatior_l of urgent measures. The urgent
implementation of the Project is, therefore, deemed necessary to provide an
appropriate electricity supply in order to prevent the stagnation of social life in
general and medical/educational activities in particular. Moreover, the electrification
of outlying atoll islands will help to close the gap in the living standard between
| Male, the capital of the Maldives, and these islands, significantly contributing to the
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stabilisation and development of the Maldives. Because of these positive effects, the
Project is deemed highly suitable for implementation as a Japanese grant aid project.

422  Project Implementation and Management Plans

(1) Personnel Plan

The operation and maintenance of the new generators:and distribution networks
following the completion of the Project will be conducted by staff of the
Naifaru PQWe_r Station and Eydhafushi Power Station, both of which will be
newly created in the Outer Male Electricity Generation and Management
Bureau. This a_nangerhent will copy the current p‘l-actice vis-a-vis those outlying
atoll islands which have already been e_iectrifiéd_by the MEB (nine islands with
six power stations). The ox;ganiza'tion'al set—ljp is iilustiratéd in Fig. 4-1. As in the
case of the MEB's existing power stations on outlying atoll islands, each new
powér station will require a staff of some 25 as shown in Fig. 4-2.

: grererenrreanen
pe=seesi Director |
i Locerasmsonnnnd. -
rrameionnns venemmmsemeesasaenes ;
:...--...-..;-:..-.-...u-.: [ feeaeennns .
: Outer Male : i Male Electricity -}
! Electricity Generation 1 ! Generationand '}
:  and Management 3 : Management i
Lecocusnso somgussssmanmas ' Samamsan wensnwnsscenanoant
E Existing Power : ' - .
: Stations on 6 Outlying Naifaru Power Station : PEydhan?SI."-
: Atoll Tslands : : ower Station
feenavowoncsoonanuvnananus [
Legend: ====== Existing Set-Up
New Set-Up

Fig. 4-1 Organizational Set-Up of New Power Stations
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Manager

(ll)
Chief Engineer
(1

Administration Electrician Mechanic
Secretary (1) (n - )
Senior Tariff ' - Cashier ' - Assistant - ' System

Clerk (1) - = . (D : - | Electricians (2) .} Operators (4)

" {Control of
Distribution Network)
Tariff Clerk Generat Clerk Material Maintenance
n ) . . _ Controller (1) Workers (6)

Worker Cock
h _ (1)

Guardman
{1

Figure in brackets is the number of staff for each job.

Fig. 4-2 Personnel Plan for New Power Stations

(2) Rate and Collection Systeimn
As in the opcratzon of the ex;cung power stations on out]ymg atoll 1slands the
meters will be read by a member of the new power station staff and users will
be requested to pay the rate directly to the cashier at the power statxon

423  Relationship and Overlapping with Other Aid Projects

No aid projects are currently _being implemented by other countries or organizations
which relate to or overlap with the Project.
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Decision on Subject Islands for Electrification

The priority order of electrification of dutly_ing atoll istands under the Project in the
final request of the Government of the Maldives is as follows.

@ Naifaru Island of Lhaviyani Atoll
@ Eydhafushi Island of Baa Atoll
@ Gan Island of Laamu Atoll

Details of these islands are summarised in Table 3-2. In deciding the subject islands
for the iject it is necessary to establish the viability and urgency of the Project to |
be 1mplementcd on such islands with Japanese grant aid. Moreover, the benefits of
the Project's nnplementatlon must be ascertained. The current conditions of the
subject islands are descnbed here together with their evaluation results.

(1) Naifaru

Naifaru Island is the ajdminis'_t'rative seat of Lhaviyani Atoll and is lo_cated ina |

key posifion of the maritime transportation link between atolls in the north
and Male Island.

Naifaru Island has well established social welfare and other public facilities.

Although the electrification rate of 53% is fairly high, the system is somewhat
unreliable and electricity supply is limited to 5 hours in the evening.

Naifaru Island is one of those islands which are given the highest priority for

electrification in the National Development Plan

The electrification of Naifaru Island under the Project will provide a stable and
reliable public electricity supply for not only“dom_e_sti.c users but also for social
welfare and other public facilir_iés, {eading to the Vitaiisat_ion’ of the socioeconomy
and ‘an improved standard of living. In additi'on'., the island's status as the
administrative seat of Lhaviyan_i Atoll and key"loczitidn in the northern maritime
transport netwbrk. of the Maldives, will be eﬁhanécd Implementation of the Project
on Naifaru Island has a hlgh degree of confonmlty with the Natlonal Development
Plan, further emphamsmg the 1mportance of the island's electrification. (SOme 4,000
people living on the island as of July, 1993 WIH immediately beneflt from the
implementation of the Project.)
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(2) -Eydhafushi
"~ Eydhafushi Island is the administrative scat of Baa Atoll.

- Although the provision of social welfare and other public facilities is still
" inadequate, expansion in the future is planned.

- The island’'s communal organization has been trying to provide an electricity
supply on the island. However, it is uncertain whether or not these efforts will
be successful given the poor finance and technical level of the organization. |
There is a very strong reqmrement for electrification on the part of the
isIanders

- Electricity supply is currently not provided.

- Eydhafushi islahd is one of those islands which are given the highest priority
. for electrification in the National Development Plan.

The electrification of Eydhafushi Island will meet the significant requirement of
islanders and also promises a stable and reliable public supply of electricity to
houses as well as social welfare and other public facilities, leading to the
“development of the island as the capital of Baa Atoll. Concrete results of
electrification will include improved socioeconomic conditions and an
improved standard of living. Given the high degree of conformity with the
National Development Plan, as in the case of Naifaru Island, the Project's
implementation is judged highly desirable and important. (Some 2,500 people
living on the island as of Ju'ly 1993 will irﬁmediately benefit from the
implementation of the Project.)

(3) Gan

- Gan Isiand has important road links with Funadhoo Island, the administrative
seat of Laamu Atoll, Kadhdhbb Islahd which has an airfield and Maandhoo
" Island where a ﬁshmg baseé is under construction w1th Japanese grant aid and
fundmg by Kuwalt

- The _atol'li administration points out the importance of the coordinated

de\'/élol-)"méhtrof the above four islands. At present, there is only one concrete
social infrastracture development plan for the area, i.., the road development
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plan prepared with ADB assistance (implementation schedule has been
ﬁnalised).

- There are mdependent gencratmg facilities at the atoll off:uc airfield and
fishing base, etc. A concrete electrification plan or 1elevant investment plan
involving the four islands does not exist. -

- “The Government of the Maldives and the Laamu Atoll administration jointly
plan to encduragle. migration from other outlying atoll islands to the four
islands to alleviate oyer-crdwding on Male Island. waever, such effoﬁs have
so far proved less successful.

- There are three villages on Gan Island and an industrial estate development
plan exists. '

- Only two sewing factories established with Indian capital have so far
commenced operation in the industrial estate.-More than 90% of the industrial
estate site is still empty and a firm commitment has not been made by

possible investors.

- The electrification rate of the three villages is as high as 80%, but the system
is unreliable. '

The electrification of Gan Island under-the Project niéans the electrification of
© Gan Island's three villages but not the industrial estate. Some 2,000 islanders (as
of July, 1993) will 1mmed1ately benefit from the tmplementatlon of the Project.
The local socioeconomy will be vitalised and the standard of village life will be
improved. In principle, however, a comprehensive socioeconomic infrastructure
development plan involving all four islands should:ﬁrs'tly be prepared and a
concrete electrification project for these islands should then be prepared as part
of such a comprehensive plan. In fact, the atoll admihisfratio_n hopes for the
| coordinated, simultaneous development of the four 'islands The blanket
electrification of the lslands will assist the aliewatlon of the uni-polarisation of
socioeconomic activities on Male Island which the Government of the Maldives
has been trying to achieve. From a technical pomt of view, the system to
“provide eleclncity to the three VIIlagcs should not be isolated and must
eventually be linked to the system for the four islands, creatmg a possibility of
repcmwe investment. Mmeover, g;ven the slow progress of the industrial estate
dcvclopmcnt j}l‘an, estimation of the industrial estate's likely electricity demand

S47 .-



4.2.5

s extremely difficult. Furthermore, thete is uncertainty in regard to. the number

of peop}e (families) who will migrate trom other outlying atoll islands with a

“view to working at the industrial estate and fishing base, elc., nnkmg estimation

of the future domestic eleétricity demand also difficult. The lack of a concrete
plan to construt:t public welfare facilitics makes such estimates even more
difficult. In conclusnon the pxeparatlon of an adequate electrification plan is
extiemely dlfﬁcult

Even if estimation of the futl:;r‘e'electricity demand was possible, the blanket
electrifiéation of the four islands, including the industrial estate, would exceed
the scope of Japan's grant aid cooperation. As the_eleCtriﬁcation-rate of the three

- villages on Gan Island is as high as 80% despite the system's unreliability, there

appears not to be any urgency to warrant the Project's implementation on Gan
island. As a result, Gan Island was dropped from the list of isiands to be
electrified under the Project.

The finalised subiject islands for electrification under the Project are, therefore,
Naifaru Island of Lhaviyani Atolt and Eydhafushi Island of Baa Atoll.

P:oject'Components

The Project, which intends the electrification of outlying atoil islands, consists of the
following three components.

(1) Construction of a power station on each subject island
(2) Construction of a distribution network on each subject island

(3) Provision of sparé parts, tools, VHF radio station and repair tools for each

power station and distribution network.

These three components arc essential for clcctrificéﬁon of the islands, and proper
and coordinated implementation will ensure the Project’s benefits. The stable
operation of the power stations and distribution networks will guarantee a stable
supply of electriéity while the availability of spare parts and tools, etc. will ensure
the stable operatmn and maintenance of the power statlons and distribution
'networks As outlined the pmjcct the conqtrucuon of the new power stations will be
conducted by the Japanese side while the construction ‘of the distribution networks,
storage of spare parts ‘and tools, and installation of VHF radio station will be
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conducted by the Maldive side using equipment and-materi-als to be provided by the
Japanese side. These arrangements make it crucial for the Maldive side to establish a

reliable project implementation system in addition to a maintenance system to be

introduced following the completlon of the Pr oject.
Proposed Generating Facilities and Distrii)lition Network
The objective of the Project is the improvement of the standard of li'ving on outlying

atoll islands and the establishment of stable operation and maintenance of such
public welfare facilities‘as health centre and schools by means of urgent

~ implementation of electrification. In examining the optimal scale of the generatmg'

facilities and distribution networks it must accordingly be assumed that the users of
the electricity to be generated will be all households, public facilities and factories

. on Naifaru Island and Eydhatushi Island. The installation capacity . should also take

into consideration the estimated electricity demand at the time of the service's

commencement,

(1) Electricity Demand Increase Rate

Fishing is the predominant industry on Naifaru Istand and Eydhafushi Island.
Given the size of these islands, it is highly unlikely that an industral complex
will be devcloped in the near future. In fact, there is hardly any remaining space
‘on the islands for further residential expansion. Consequently, there is little
prosp_e'ct' of large clectricity users emerging in the future and any increase of the
electricity demand will come from the domestic ahd-pub}ic welfare sectors in
terms- of physical expansion and wider use of electrical- appliances. The
electricity demand annual increase rate for both Naifaru Island and Eydhafushi
Island is assumed to be 10% {sec 3.4.2).

Gan Island has been omitted from the scope of the Project because of 't_he
necessity to create a large generating and distribution system to meet the likely
demand of the proposed network which will supply electricity not only to the
industrial estate on Gan Island but also to users on the neighbouring three
islands (sec 4.2.4).

(2) Required Installed Generatiing Capacity to Meet'PfojeCt Objéétive

The electricity demand in 1998, five years after the completlon of the Pro;ect
will be 168 kW for Naifaru Island and 112 kW for Eydhafushl Island (see
3.4.2). Consequently, it was decided that the required generating capamty is 200
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kW (three 100 kW_ generators, including one reserve) for Naifaru Island and 150
kKW (three 75 kW generators including one reserve) for Eydhafushi Island,

For reference purposes ohly, the required installed generating capacity for Gan
Island - to mect the domestic demand is placed at 100 kW (three 50 kW
generators including one reserve) to meet the estimated demand of 88 kW.

(3) Reqﬁired Size of Distribution Network

The distribution network to be established on Naifaru Island and Eydhafushi
Island will cover all user points, such as households and public buildings. As of
July 1993, the number of households is 650 for Naifaru Island and 420 for
Ey'dhafushi Istand. The"undellgro'und cable system will be adopted to avoid salt
damage and to ensure the same specifications as those networks alreédy in
operation on other islands. Cable will be provided by the Japanese side and the
actual laying work will be conducted by the Maldive side.

Necessity for Technical Cooperation
The MEB is fully aware of the necessity for its engineers engaged in the Project tb

possess appropriate maintenance skills for generating facilities. Based on this
awgireneés',-the MEB strongly hopes for the transfer of a wide range of technologies,

~ from basic skills relating to the assembly and installation of generating facilities, to

operation and maintenance skills, in view of the effective utilisation of the new

power stations to be constructed with Japanese grant aid over a long period of time

to improve the electricity supply in the Maldives. The concrete agenda is the
provision of technical cooperation by the Gov_emment of Japan for the training of
engineers following the implementation of the Project as a grant aid project of the
Government of Japan.

- Training of engineers in Japan in regard to the operation and maintenance of
géncrating facilitics (one electrical engineér and two mechanical engineers) in
association with the fa;itory inspe_ct_ioﬁ of generators which is planned to be
conducted from August to September, 1994,

The provision of the above training in Japan is .deé.r_ned highly necessary to foster
MEB engineers which are capable of operating the new generating facilities.
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4.3

4.3.1

Basic Aid Principles for the Project

The implementation of the Project as a grant aid project of the Government of Japan
is deemed suitable on the grounds that the project is feasible, its benefits, the
1mplememat10n capability of the Maldive side whach has been confirmed, and that
these effects meet the cntcna for Japanese grant aid cooperation, Consequently, the
following basic dcsxgn contents are based on the assumption that the PI‘O_]eLt will be
implemented with Japanese grant aid coopemtlon. Table 4-1 compates the original
“contents of the request made by the Government of the Maldives with the finalised
contents of the Project. ' '

Table 4-1 Cofnparisbn.of Reqﬁested Contents and Finalised Project Contents

Item . Original Request Finalised Project

. Procorement and installation of dlcsel generatmg _

- facilities (including all necessary auxiliary e} 0
equipment and electrical installation) ' _

2. Test operation, adjustment and delivery inspection of 0 o o

above generating facilities

3. Spare parts for above generating facilities ° c
4. Buildings and foundations for above generating
facilities 0 G
5. Procurement and installation of distribution : : i -
networks _ _ o . -0
6. OJT relating to O & M skills for above generating _ (procurement only)
- facilities during project period ' 0 o)
7. Training of engineers at generating facilities.in Japan : 0O i

(to request separately)

Note: The Maldives side-expressed confidence in installing the distribution networks without
outside assistance to the Basic Design Study Team, and their capability was confirmed by the
latter. Consequently, the installation work for the distribution networks has been dropped
from the scope of the grant aid cooperatlon

Outline of the Project
Project Implementation Body and Operation and Maintenance System
The project implcmeﬁta'ticm body on the Maldive side is the MEB and the Quter

Male Electricity Generation and Management Bureau'lwill be in charge of the
management of the Project (see 2.2.1). Upon completion of the Project, the

operation and maintenance of the newly constructed generating facilities and
distribution networks will be conducted by the management of each new power

station on the islands (see 4 2. 2)
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43.2 ' Work Plan

() | Planning Principles
The Governinent of the Maldives strongly hopes for (1) the urgent improvement
of the country's electricity supply through the implementation of the Project,
~and (2) the.'establishment and consolidation of t_he operation and maintenance
sy:stem' folrlowing the commencement of the electricity supply service. In view
of these hopes, the fdilowing points are specially noted in the formulation of the
‘work plan.

1). Building Plan

@ The power station building will be constructed using local construction
~ methods where possible to ensure the effective and efficient operation
and maintenance of the generating facilities.

® An administrative office building will be constructed to proceed with
the daily control of the power station and the general affairs relating to
operation and billing, etc.

@ The foundations for the generating facilities, a main fuel tank and

auxiliary equipinent, etc., will be constructed.
@ A rainwater storage tank and well, will be constructed.

2) Equipment Plan

@ Diesel generating facilities will be provided and installed to ensure a
stable and continuous supply of electricity.

@ Procurement priority will be given to equipment currently produced by
manufacturers to ensure long life and easy maintenance. The
procurement of currently available equipment will keep the project cost
low. ' ' '

@ VHF radio station and repair tools for maintenance purposes will be

provided as requested by the Government of the Maldives to facilitate
the 'o'pera'tir.'m and maintenancé of the procured equipment.
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@ Adequdte provisions will be taken to prevent environmental pollution
following the implementation of the Project. '

® Spare parts and fools will be provided to ensure the smooth operation
of the generating facilitics aftei the completion of the Pleect

® “Textbooks and other learning materials will b_e" provided in order to

review the skills taught by means of OJT.

OJT Programme

® The workers are expected to learn from ‘OJT the elements and
relationships of the operation and maintenance system and the status of
mziinte_nance work in the overall maintenance scheme of the power
station. | |

@ Practical training will be provided by Japanese engineers sent to the
Maldives to assist and supervise the construction work.

Operation Plan for New Power Stations

The new power stations are expected to provide the base for electricity
supply on the respective islands. Therefore, adoption of the following
operation conditions appears appropriate.

- annual rate of operation : 100%
- annual operation hours : 8,760 hours
The required regular inspection items to ensure the proper operation of the

power stations are described later in 4.3.5 - Operation and Maintenance
Plan.

Locations and Condiiions of Sites

Some 3,000 m? of land (SOm x 60m) is required to permnt the adequate layout of the
power station bulldmg and admmlstmtlve office burldmg As shown on the Locatlon
Map at the beglnmng of this report the field survey found a possible site in the
northern part of Naifaru Island. Because of the necessity for land preparation and
retaining wall erection to make this site usable as a power station site, however,

-48 -



4,34

alternative land of some 1,000 m2 was.found on the east coast. It was decided
through consultations with.the MEB that some of the existing warehouses will be
removed to increase the project site as the present size will not accommodate an
access road. (-Thé removal work will be conducted by the Maldive side.)

In the case of Bydhafushi Isla'nd, the present sports ground of some 3,500 m? located
in the northern part will be used as the power station site. -

_ As both sites are flat, land preparation work is unnecessary. Both sites are located in

convenient positions on the respective islands for the development of the
distribution network. '

‘Outline of Proposed Facilities and Equipment

The building and procurement p'}ans for the proposed facilities and equipment are
outlined in this section. '

Q) Buildiﬂg Construction Plan’

Construction work for the foilbwiﬁg itéiﬁs will be conducted.
1) Power station buillding
- 2) Administfative office building
3) Foundations for gene_ratbrs and auxiliary equipment
4} Rainwater storage tank and well

(2) Equipment Procurement Plan

1) Provision and installation of indoor-type diesel generators

2) Provision and installation of the following mechanical equipment/systems
- for operation of the power station

@ Fuel suﬁply system
® Ventilation Systemn

@ Pipings
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3) Provision and installation of the following electrical equipment/systems for

operation of the power station

D - Main panel board

Local Control patel mounted on generator
Remote cohtr'ql' pa_n'el'_"
Exciter mounted on generator

‘DC power system

®@ @ ® e @

'Eat‘thing
4} Test operation, adjustment and delivery inspection of all above—‘mentioned
equipment | ' '
5) _Provision of equipment and materials for the distribution network
6) Provision of spare parts equiValent t0 approx. two years supply _
7) Provision of tools required for maintenance of the generéting facilities
8) Proyis_ipn Qf radio ¢q_u'ipment and repair t_ools for ﬁaintenancc pUurposes

9) Provision of OJT materials

(3) OJT Programme

The following education and training will be provided for the MEB engineers.
OJT will be provided for MEB engineers on operation and maintenance
techniques by engineers dispatched by the Japanese contractor during' the
construction period (apptoximateiy three months).

4.3.5 Operation and Maintenance Plan

(1} Basic Principles .

A proper operation and maintenance system for facilities and the maintenance
of appropriate operation conditions are essential in the running of a power
station to ensure a stable supply of electricity which can flexibly reépond to
demand fluctuations.

As described earlier (see 3.1.2), both Naifaru Island and Eydhafu's.hi Island

currently have an unstable electricity supply which is provided by personal or
communally owned generators. Preventive and other types of maintenance work
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ainiing at improved reliability, safety and the efficiency of the new generating
facilities must be introduced to provide a stable and increased electricity supply
and to fully utilise the capabilities and functions of the generating facilities. The
basic maintenance framework is showh in Fig. 4-3. |

In relation to the Project, the MEB will be retmired to conduct the maintenance
of the new gcncrating_faciliﬁes following the completion of the 'Prolject, within
the above basic frameWork; in acéordance with fhe oberaiion and maintenance
manuals using the relevant technologies/techniques to be transferred through the
OJT provided by the Japanese contractor during the construction period.

Proper Maintenance of Generating Facilities

Better Reliability Betier Safety Better Efficiency

- Qualitative improvement - Protection from natural - Improved thermal

of electricity - disasters . _ efficiency
- Prevention of disruption - Protection from artificial - Improved operation rate

of generation ' damage - Improved facility
- Minimisation of adverse utilisation rate

effects of disruption - - Improved work efficiency
- Rapid recovery from -

disruption
- Prevention of secular

deterioration

(3 fundamentals of mainmtenance)

Fig. 4-3 Basic Maintenance Framework for Generating Facilities

(2) Regular Inspection Items

The standard subject items of regular inspection of the proposed generating
facilities are listed in Table 4-2.



Table 4-2  Standard Subject Items of Regular Inépe_ctibn

Type of Inspection

Main Inspection Ttems/Work |

Diesel Engine.

daily (when in use)

- Visual external check; abnormal sound or temperature

évery 10 hours

- Engine oil level
- Cooling water level
- Fuel level

every 50 hours

- Valve clearance {only first 50 hours for a new engine)

1 2 External nuts and bolts (tightening} (as above)

- Engine oil (replacement) (as above)
- Oil filter element (feplacement) (as above)
- Leakage of water or fuel to engine oil

.~ Dewatering from fuel filter

every 250 hours

| - Engine oil (replacement) .

- Oil filter element (replacement)
- Tension of fan and dynamo driving bielts

|- Radlator ims (cleamng)

Z Fan dnve (greasmg)
- Air cleaner element (cleamng)

- Coolmg water (replacement twice yearly together wuh antt-ru stmg

agent)

every 500 hours

- Qil filter element of got/érnor (replacement)

1 - Fuel injection nozzle {readjustment) .

every 1,000 hours

- Valve clearance

- External nuts and bolts (tightening)
- Fuel filter {replacement)

- Fuel injection timing

~ Air cleaner .eiemem {replacement)

every 2,000 hours

- Air suction cooler (cleaning)
- Turbocharger '

Generator

daily (when in use)

- Visual external check; abnormal sound or temperature

every month

- Abnormal vibration _
- Lubricant oil flow; oil leakage at bearings
- Simple clewnmg

every vear

- Insulatton resistance; lead w1re connectors
- Auxiliary items, including space heater
- Visual check and cleaning of bearings
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(3) Fuel Procurement Plan

The estimated annual fuel consumption (diesel oil) to operate the proposed
‘generating facilities is shown in Table 4-3 for Naifaru Island, and Table 4-4 for
Eydhafushi Island. The MERB will be required to prepare an al)pfopriate fuel
procurement plan to secure the supply of the necessary amount of fuel shown in
these tables in view of the operation of the new generating facilities without any

disruption,

Table 4-3 Estimated Annual Fuel Consumption of Naifaru Power Station

Ttem 1994 1995 | 1996 1997 1998
Electricity Demand (kW) 3 125 138 152 168
Installed Capacity (kW) 200 200 200 200 200
Operation Rate (%) . 56.5 62.5 69 76 84
Houtly Consumption ' '
(reshen 28 30 32 34.4 38
Anaual Consumption 245280 | 262,800 | 280,320 | 301344 | 332,880
(litres/year) _

Table 4-4 Estimated Annual Fuel Consumption of Eydhafushi Power Station

Item 1994 1995 1996 1997 1998
Electricity Demand (kW) 74 82 91. 101 112
Installed Capacity (kW) 150 150 150 150 150
Operation Rate(%) 1 493 547 | 607 613 | 147
Hourly Consumption :
ditresThoun) _ .22 23 244 26 28
Annual Consumption - 192,720 | 201480 | 213,744 | 227,760 | 245,280
(litres/year) . . :

Note: The recommended fuel for the proposed generating facilities is ASTMD-975
diesel oil No. 2-D, and the fuel consumption rate shown in Fig. 4-4 was used
as the reference to estimate the annual consumption.
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Fuel Consumption (litres/hour)

Legend: :
— : 100 kW diesel (Naifaru P.S.)
- 173 kW diesel (Eydhafushi P.S.)

F:] % ] . 10
Operation Rate (%)

Fig. 4-4 Fuel Consumption Rate

Technical Cooperation

The argument for the provision of technical cooperation has already been discussed in
4.2.7. The provision of such technical cooperation by the Government of Japan to
transfer operation and maintenance technologies/techniques is deemed essential for the
proper functioning and maintenance of the generating facilities to be provided under
the Project. The required technical cooperation is outlined in Table 4-5.

Table 4-5 Required Technical Cooperation

Irem Objective ) Remarks
Training in Japan Learning of basic technical skills and 2 mechanical engineers and 1
knowledge relating to the running of diesel electrical engineer
generators
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CHAPTER 5 BASIC DESIGN

5.1 D'esign Principles

5.1.1 Princiéleé Concerning Natural Conditions

(1

Temperature and Relative Humidity

Tcmﬁératuf_e rec'or'{:is' for the last 25 yéars in(l'i‘ca_te' that the régior_l is dominated by
a tropical climate with maximum, minimum and annual average temperatures of
34.1°C, 17.2°C and 28°C, respectively.

B -As the gen'era'ting' .t"a'cilities to be provided under the Project. w1ll be installed

2)

3

indoors, no special measures vis-a-vis the outdoor air tempefature will be
requnred In principle, the distribution cable w111 be buried underground and,
therefore, will be little affected by the outdoor air fempelature Howevcr careful
attention should be pald to the mamtenance of the equipment in v1ew of the high

_ relative humidity thrm.ghout the year.’

Rainfall

The rainfall_'is' significant from May to October and accompanies the seasonal
southwest wind. The monthly rainfall can reach as much as 200 mm from May to
July, and the tall waves at this time make maritime transportation outside the
atolls hazardous. Navigation within the great ring of atolls will, therefore, be

‘necessary when transporting items to the outlying atoll islands.

Salt Damage

As the projcct sites are located on the coast, the genérating' facilities must be

* installed indoors to prevent salt damage. The fuel storage tanks and unloading

facilities will be constructed outdoors and given protective painting.

With regard to the distribution network, the distribution panels will be installed

| ‘outdoors, necessitating protective painting or the use of highly salt-resistant

materials. In contrast, the distribution cables will be buried underground and not

require such care.
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5.1.2

5.1.3
‘ Implementat:on Body

5.1.4

Principles Concerning Use of Local Construction Industry

The use of local equipment and mziterials'(such as coral blocks) should be included
where possible in the construction plan. However, such crucial structural materials as
sand, gravel and cement are not available locally and will be imported from a third

country.

While the level of skill required to install the pla{nned geherdt:in.g‘facilities is not
particularly mgmﬁcant Japanese engineers will be sent 1o the Maldives to provide .
techmc*&l guldance and to supervise the process conttol to ensure eompletlon of the
work on time.

Principles Concernmg Operatlon and Mamtcnance Capability of Project

At present all gener’ltmg facilities in the M'ﬂdlves use diesel engme generators and,
therefore, the MESB is believed to have the necessary expemse to operate and maintain
the generators to be prowded under the Pro]ect. However,_the provision of OIT by
Japanese engineers for the MEB engineers to be assighed to the new power stations is
highly desirable in view of guaranteemg the more effective and efﬁCIent operation and
maintenance of these power stations.

Prmcnples Concelmng Design Scope and Techmcal Levels of Proposed
Faeliltles, Equlpment and Materlals

The design scope and techmcal levels to be adopted for the facnlmes to be constructed
and equipment to be prowded under the Project are determined based on the following
principles.

(1) Design Scope

The configuration of the generating facnhtles types and quantltles of equipment
and materials, and contents of OJT will be carefully decided to achieve the
objective of the Project, i.e., a stable electricity supply for domestic and public
use, (see 4.1) by means of (l) the construction of generating and distn’buﬁon
facilities, (2) the provision of equipment and materials, including spare parts, and
(3) the provision of OJT.
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(2) Technical Levels

The speci'ﬁcat'ions for generating equipment must not exceed the technical levels

of existing equipment, facilities, operation and maintenance of which MEB

engineers are familiar. The OJT to be conducted under the Projecf should aim at
fostering the technical capabilities of MEB engineers to a level where they can
analyse operation and b'reak_ddwn data of the new_facili!ies based on improved
operation and maintenance skills, and pt‘epare and'condu'ct:appropriate' preventive

inspections.

5.1.5 Principles Concerning Construction of Facilities

The following basic design principles concerning construction of the facilities have

been adopted taking into consideration the principles described thus far regarding

comimon layouts of the buildings and of equipment inside the existing power stations,

operating conditions of electrical and mechanical equipment in such power stafions,

and future plan_s'in neighboring areas, etc.

)

(2)

3

4

5

(6)

The selected sites for the new power stations must not interfere with future social
welfare development and other similar public plans.

The electricity generated by the new power stations will be supplied to
households and public buildings, etc., via the 400V distribution network.

The diesel engine to be used for generation should allow continuous operation.
Given the small generating capacity required, a general-purpose diesel engine
with a speed of 1,500 rpm or less will be selected.

The fuel (diesel oil) to be used will be of the same quality as the fuel currently
used by the existing power generating facilitics.

The fuel tank capacity will be sufficient enough to support the continuous
operation of two generators for 30 days due to the anticipated difficulties in
maritime transportation between May and July. -

As most of the equipment and materials for the Project will originate from Japan
or a third country (see 5.4.4), cither Japanese standards/codes or the British
standards used in the Maldives will, in principle, be referred fo in the
manufacture/procurement of such equipment.
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5.1.6 Principles Concerning Environmental Conservation

There are not any regulations on noise, emission gas and waste oil treatment in the

Maldives. The relevant criteria adopted in Japan or countrics neighboring the Maldives

will be referred t_o' in the basic design for the Project.

5.2 Examination of Design Conditions

Having examined the various conditions and principles for the basic design, it was

decided to adopt the following design conditions.

5.2.1 Climatic and Site Conditions

.-(1) Outdoor Air Tempefature :

(2)

3)

4)

&)

(6)

)

(8)

&)

Diesel Generator Room

Relative Humidity

Average Annual Rainfall

Wind Velocity
Earthquakes

Salt Damage Prevention

Dust Prevention

Beaﬁng Strength

maximum_jti"c (the _m‘éviimum design temperature
for air-conditioning : 32°C)

rhaximum 40°b (in:door)'

average 95%

approximateiy 2.000 nun

May - July: approximately 200 mm/month
average monthly rainfall; approximately 160
mm/month

maximum 115 km/hour (31.9 m/s)

not considered

generators and other machinery to be installed
indoors; distribution cables to be buried
underground ' '

not considered

10 tons/mi
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(10) Noise Prevention - Special attention will be paid to the equipment
layout so that the engine exhaust, which is the
noisiest part, will be located on the seaward
side as well as the leeward side. .

- Sound insulation materials will be used for the
internal walls-of the generator room to
minimise sound leakage from the room.

- The power station b_ui]ding will be located as
far as possible from nearby houses and/or
public facilities.

5.2.2 Generating Method

As in the case of existing similar facilities, the electrical generating facility is diesel
engine generator.

5.2.3 Fuel
The composition of the diesel oil currently imported from Singapore and used by the

Male Po_wer Station is shown in Table 5-1. The same diesel oil will be used for the

new power stations.

Table 5-1 Composition of Fuel (Diesel Oil) Used by Male Power Station

Item Unit Value

Specific Gravity (60°F) 0.82 - 0.89
Kinematic Viscosity (40°C) Stokes (cSt) 1.80 - 5.00
Pour Point o 9
Flash Point °C 60
Sulphur Content Wt 1.0
Water Content Vol.g 0.05

| Ash Content wi.g 0.01
Calorific Value Klkg 42,700

5.2.4 Lubricant Oil -

" The use of lubﬂcan{ oil of the API-class, service CD-class and SAE No. 30~40 is
recommended.
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5.2.5

5.2.6

5.2.7

Cooling. Water

Since ground water from wells contains salt, rainwater will be used as in the case of
the existing power stations.

Distribution Methdd
The trunk distribution will be star distribution of 3 phase, 4 wire, 400/230V and 50

Hz as in the case of the already electrified outlying atoll isiands, while the distribution
to housing from a local distribution panel will be single phase, 2 wire and 230V. The .

 distribution to public facilities will be' 3 phase, 4 wire and 400/230V because of the

larger load involved than domestic use.
Appliéabie Codes and Standards
The following standards will be referred to in the design of the project contents.

(1) Japanese Industrial Standards

(2) Standards of the Japanese Electrotechnical Cominittee

(3) Standards of the Japan Electrical Manufacturers' Association
(4) Japanese Electrotechnical Codes

(5) Japanese Cable Makers Association Standards

' (6) Technical Standards for Electrical Installations

(7) International Electrotechnical Commiséion

~ (8) International Organization for Standardization -

(9) British Standards

5.3 Basic Plan

5.3.1

Layout Plan

The instatlation locations for the planned genérating facilities were described in 4.3.3.
The following points should be noted in the preparation of the iayt)u_t plan.

(1) The diesel engines will be located as far as possible from existing stations and _

public buildings to minimise noise disturbance.
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(2) A space to accommodate the diesel generator will be provided inside the power
station building to facilitate expansion of the generating capacity in the future. A
‘site for an additional fuel tank will similarly be secured.

3 Sufficient space will be available inside the power station building to facilitate
maintenance of the diesel generators.

5.3.2 Building Plan

(1) Plan Contents

The following buildings and facilities will be constructed at the Naifaru Power
Station and Eydhafushi Power Station sites.

Power station buildihg (1): single storey with a total floor area of 184.0 m?

Administrative Office Building (1): single storey with a total floor area of 88.0

2
- Foundations: including those for generators and oil tank

Rainwater Tanks for Drinking Water (2): 5.0 m? each (nominal capacity)

Rainwater Tank for Miséellaneous use (1) : 10.0 m3 (nominal capacity) .

Well (1); ground walter for toilet

Simple Septic Tank (1)

(2) The facilities to be provided should be sufficient to support the proper functioning
of the power stations.

I) Power station building

Room Floor Area (m?) - Installed Equipment Types
11 Generator Room 80x 11.0=88.0 | lighting, ventilation
2 | Control Room 6.0 x 4,0 = 24.0 lighting, air-conditioning
| 3 | Battery Room 20x40=8.0 “lighting, ventilation
|4 | Engincer Room 50x40= ZQ.O .| lighting, air-conditioning
|5 | Entrance Hall 30 x 2.0 =60 lighting
6 | Toilet 15x20=30 lighting, ventilation, sanitation
7 | Spare Parts Storage 4.0x 4.0=160 lighting, ventilation
8 | Workshop ~ . 40x40=160. | lighting, ventilation
9 | Kitchenette 1.5x20=3.0 lighting, ventilation, sanitation
Total 184.0 m?
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2) Administrative Office Building
o Room ‘Floor Area {mi?) Instalted Equipment Types
| | Entrance Hall 3.0 % 4.0 =120 lighting
2 | Office =~ 7.5x4.0=300 lighting, air-conditioning
3 | Director's Room 35x40=140 | lighting, air~conditioning-
4 | Kitchenette 20x20=40 lighting,'vemilation, sanitation
5 | Toilet 1.0 £ 0.5 +.3.0 x 2.0 = 6.5 | lighting, ventilation, sanitation
6 | Storage 25x25=625 lighting, ventilation
7 | Radio Room 25x40=100 lighting, air-conditioning
8 | Corridor 35x 1.5 =525 lighting
Total 88.0 m2

3) Foundations

Foundations will be constructed to support the diesel engine generators,
auxiliary equipment, electrical installationis and oil tanks, etc.

4) Rainwater Tanks and Well

- Two tanks (5.0 'm3 each) will store rainwater on the roof of the
administrative office bmldmg for use as dnnkmg water and cooling water
 for the diesel engines.

- One tank (10 m?) will store rainwater on the roof of the power station
building for miscellaneous use.

- A well will be constructed to use ground water for the toilet.
5.3.3 Equipment Plan

(1) Plan Components N
D Engine Output and Generator Capacity

As the rated output of the generators to be provided under the Project is 100
kW for Naifaru Island and 75 kW for Eydhafushi Island, the required engine
output and rated generator capacity are calculated as follows. The values
indicated below should be used for rough guidance only as the equation
slightly varies from one manufacturer to another.
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@

Engine Output
' P
Pe 257355 x G
Pe . engine output (PS:'Fre_nch horse-power)
P o génerator output (kW)
nG generatoi'.efﬁciency (90%)
Item Naifaru | Eydhafushi
P (kW) 100 75 '
Pe (PS) 150 15
Generator Capacity
p
PG = Bf

PG : | gencrator capﬁéity (kVA)
P :  generator output (kW.).

Pf : generator power factor: 0.8

- Item Naifaru | Eydhafushi
PkW) | 100 175
PG (kVA) 125 93.75

2) Mechanical S_ysteins '

)

Fuel Su_pply System

An outdoor diesel oil storage tank will be installed for each power station
and the capacity is determined based on the following two conditions.

- Tank Capacity

The arrival of oil supply ships may not be regular due to the difficulties
of maritime transportation caused by the prevailing strong seasonal
southwest wind from May to July. The storage of at least one months
(30 days) shpply of fuell for the two continuously operafting generators
appears necessary.
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- Consumption Rate -

The following consumption rate is assumed based on a 100%
operation rate of the two generators (see Fig. 4-4).

Item. . Nai_faru Eydhafushi

Consumption Rate V1 (litres/hour) 44 35.4

The reqﬁired tank capacity can be calculated using the following
equation..

v V1% 24 x30
¥ =TT71,000

V : capacity (kI)
V1 :  consumption rate (litres/hour)

The resulting nominal capacity of the fuel tank is as follows.

Item - . - Naifaru | Eydhafushi
Nominal Capacity (k1) o 32 . 26

A daily tank with a capacity of 0.6 kl will be installed indoors at both
sites to store fuel oil equivalent to 12 hours consumption. Two fuel
pumps (one as reservé) will be installed outdoors with a simple roof and
with a capacity of 40 litres/min. so that the daily tank can be filled in 15
minutes. Fuel will be transported in drum cans (200 litres) to the sife and
pumped to the main storage tank. A de-oiler will be installed at the outlet
of the fuel pump to remove water in the case of water penetrating the
drumm can.

Lubricant Oil Supply System

This syStem is integral to the diesel engine body and oil will be manuatly
replenished. '

Water Cooling System

This system is also integral to the diesel engine body and rainwater will
be used as the cooling water,
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@ Vén’ti.latitm System

A _ventilétion system will be installed in the power station building and
exhaust gas from the engines will be discharged outside the building via
the silencer. |

®  Start-Up System

An electrical start-up system using a DC motor will be used. A DC
power unit (24V) for this purpose will also be used for the operation of
the power station and will be installed in the Battery Roorn,

® Waste Oil Treatmient System

In order to prevent the planned generating facilities from causing
environmental pollution, a de-oiler will be installed to the diesel oil
storage tank to separate oil from water for the manual scooping of oil.
The collected shudge and waste oil must be properly treated by the MERB
to avoid any environmental pollution caused by their disposal.

@ Pi;iing
With regard to the fuel pipeline to supply fuel to the gen'erators,'the
indoor section will be laid in a trench for easy maintenance while the
outdoor section will be directly buried to make sure the maximum use of

available land. All piping will be accompanied by the necessary support
and protective measures, such as a jute sheath.

3) Electrical Systems

The main electrical systems of this network are designed as follows.

@ 400V Main Distribution Board

The electricity generated by the generating facilities will be supplied
directly to the 400V d_istribiltion feeder without involving a transformer
facility. The 400V distribution feeder will be accompanied by a
moulded-case circuit breaker (MCB), an earth fault relay and a number
of instruments (a watt-hour meter, an ammeter and its change-over
switch'and a vd_ltmc_ter and its change-over switch). ‘The rated current
for the buses will be the value to be achieved by 4 simultaneously
operating generators. When the buss voltage is lost, the MCB will be
automatically tripped by an under-voltage relay. Manual switching of
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the MCB will be required to resume normal operation. The buses will
have a structure which allows it expansion in the future.

Local Control szél '

A local control panel will be installed above each generator to start, stop,
control and measure the generating system as well as to start the warning
system.

. Rcmote Control. Panet

All the generating facilities of the planned power stations will be
centrally controlled by the remote control panel in the control room. The

_synchronous operation of the generators will be instructed from the

control room.

Excitor

A brushless thyris'tor~type.excitor will be installed.

DC Power Supply System |

A DC power supply system will be installed to power the start-up
motors for the diesel engine as well as the circuit breaker and other
operation-related equipment.

Earthing

The following earths will be required for the planned power stations.

a) Earth to protect the electricity generating system (direct earth from the
neutral point of the generator)

b) Earth to prevent electric shocks from metal surfaces or electrical
equipment '

¢) Earth for the fuel tank (to be separated from a) and b} above)

VHF radio station for Maintenance Purposes,

A VHF radio station will be provided for communication between each
power station and the Male Power Station.
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b

Laying of Cable

The main cable connecting the generators and 4(_]0\7' main distribution

pzinel will be without armour and will be laid on a cable fray inside the
trench. ' '

‘Distribution Cable Laying Plan

“The elelétricity' generated by the planned power stations will be distributed to

households and public buildings on the subject islands via the 400V main

disiribution'panel. The main design features of distributing facilities are as

follows.

@  Trunk and Branch Cables

a)

Load Capacity_

The trunk and branch cables will be capable of meeting the load 5
years after the completion of the power stations in 1994. As;suming a
load/user of 200W in 1994 (see 3.4.2) and én_ annual load increase of
10% up to 1998, the ioa.d/'user in 1998 will be 293W as shown

below. Using this 293W, the trunk and branch cable sizes will be

"B

caiculated.
~ (Unit: W)
1994 1995 1996 1997 1998
. 200 - 220 242 266 293
Voltage Drdp

‘The voi.ta_ge drop between thé main 400V distribution panel board to
end users will be kept to 8% or less. According to the Japanese

-Sténdards' (JEAC 8001), the maximum voltage drop for a wiring

distance of more than 200m is 6% or less. A maximum voltage drop

- of 8% is adopted for the Project as the distribution line is a trunk line

. stretching over 400m. .

Specifications

~ As the trunk line will be directly buried underground, cable with

armour will be used. In the case of branch lines, cable without
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armour will be used to permit ecasy bending despite being directly
. buried underground.

d) Laying Depth and Location

The laying depth of all underground cable will be approximately
75cm below the ground surface. Only one side of the roads will be
used for the laying of cable as the o_thcr. side will be required for
communication cable. Underground warning tape made of vinyl will

 be laid in view of the easy récognition of the cable location for future
expansion work.

@ Local Distribution Panels

Local distribution panels will be used to distribute electricity from the
trunk line to users and one panel will be équipped with 15 Hranch lincs
to serve houses and street lighting (Sin’glé phase, 2 wire, 230V), one line
for public buildings (3 phase, 4 wire, 400/230V) and space of 2 lines for

future extensions. The location of each local distribution panel should
ensure that thé maximum length of the branch cable to users is not more
than 80m. These frec—standin’g' panels will be installed at the side of
roads. '

@ Household Panel boards

The household panel board unit will be a wooden board mounted with a

single phase, 230V -type WH meter, 'fusc, or moulded-case circuit

breaker (MCB), earth leakage hreaker and three receptacles with a pin-
' type switch. '

- The panel board at-rpublic buildings will also be a wooden board
_ r‘nouhted with a 3 phase, 4 wire-type WH meter, fuse, or MCB and eaith
leakage breaker. The pancl'boards for public (at Dhoni and pbrt) will
have a box shape with a single-phase 230V—type WH meter, fuse or
MCB and 3 receptacles with a pin;type switch mounted on the inside.

5) Building Services Plan
@ Rainwater Collection and Transfer System

Rainwater will be used for two different services.
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a)  Rainwater collected from the roof of the administrative office
bu1ld1ng will be stored in water tanks (5 m?® x 2) and will be
supphcd by an automatic water supply system through pipes to the
admlmstrative office building and power station building as |
drinking water. The water from these tanks will also be used as |
cooling water for the diesel engine and supply will be manually
cbnducted. |

b) - Rainwater collected from the roof of the power station building wilt

be stored in a different water tank (10 m3) and will be supplied by

‘an automatic water sapply system to the administrative office

' bu_iidihg and power station building for miscellaneous use
(sprinkling and cleaning of battery robm). '

@ Well

Ground water will be pumped from the newly constructed well and
supplied to the toilet on the premises by an automatic water supply

system.

® Fire-Fighting
An ABC fire extingui'sh'er .(3 kg type) will be provided in each room,

except the toilet and corridors. One halogen fire extinguisher will be
provided in the control room,

6) General Speciﬁcations of Main Equipment

The general specifications of the main equipment have been decided as
shown in Table 5-4, taking all the design prmmplcs conditions and past
performance records of existing generating facilities similar to the scale of
those planned under the Project into consideration.
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* Table 5-4 General Speciﬁc'ations of Main EQuipment’

Equipménl

General Specifications

1. Diescl Engine

Standard Opcranon Mode: continuous-

Qutput: 150 PS (Naifaru), 115 PS (Eydhafuslu)
Revolutions: undet 1,500 rpm

Engine Type: 4 cycle diesel engine

Cooling Method: radmtor-type

Fuel: diesel oil- .

{with comnmon basc and ami-whmnon rubber)

2. Generator

Standard Operation Mode! contintous

Rated Outpul: 100 kW (Naifara), 75 kW (Bydhafushi)
Phase: 3 phase, 4 wire

Rated Voltage: 4157240V .

Revotutions: under 1,500 rpm

Power Facior: 0.8 (lag)

Frequency: 50 Hz

Coit Connection: Y connéction, leader from neutral line

3. Electrical'Sjsiems ‘

1) 400V Main Distribution Board

2) Local Control Panel

3) Remote Control Panel

4) DC Power Supply System
5) Radio Equipment

Excitor: brushless thyrister-type

490V with mould case cirenit breaker
contrdl panel attached to generator’
independent with synchronization system
lead battery, 24V

VHE ]

4. Mechanical Systems
Fuel Supply System
1) Fuel Tank

2) Daily Tank
3) Fuel Pump

4) Oil Water Separator

Typc vcmcal typc (Natfa:u) honzoma] cylmder (Bydhafusln) for
outdeor instaltation ¢ .

Capacity: 32 ki (Naifaru), 26 k1 {Eydhafushl)

Quantity: one For each sile )

Type:'angular (with supporting )for indoor instalation
Capacity: 600 litres (for both Naifaru ancl Eydhafushi)

Quantity: one for each site

Type: gear pump for outdoor mstallatmn

Capacity: 40 litres/min. (3 kgfem?)

Quantity: 2 for cach sile (one as reserve)

Type: filter element

Capacity: 40 lities/min.
Quantity: one for cach site

5. Distribution System

1} Local Distribation Panel
2) Household Panel board
3) Cable (Trunk Line)

4) Cable (Branch Lineg)

400V with mould case circuit breaker

mounted with WH meter, earth leakage breaker and mould case circuit
breaker .

600V with armour

600V without armour

6. Building Services
1} Drinking Water
@ Waler Tank

@ Water Supply System

2) Miscellancous Use Water
@ Water Tank

@ Water Supply Sysiem

3) Well
O Water Supply System

Type for outdoor mslallanon

Capacity: § m3

Quantity: 2 for each site

Type: automatic water supply (cemnfugal pump with pressure control)
for outdoor installation

Capacity: 18 litres/min. (14 mWG)

Quantily: one system (2 pumps, pressure 1ank and control panel)

Type: for outdoor installation

Capacity: 10 m3

Quanlity: one

Type: automatic water supply {centrifugal pump wilh pressure control)
for outdoor installation

Capacity: 18 Htres/min, (14 mWG)

Quantity; ong system (2 pumps, pressure lank and control panel)

Type: automatic water supply (ccnmfugal pump with pressute control)
Capacily: 18 litres/min. {14m WG}
Quantity: one system {1 pump, pressure tank and conirol panel)
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