K[BT (FITLE) TL28%8805—%

wfTER 8

81002 [T'Z6LT |2'TiLz  |z6v9T  [S'€10Z  ([p'€fve  [SOPIT  [S'Z2LT  [6°Z9LT |2'6%0T  |89€1Z
STt T'€ee 9'E8E 6'¢l1 0’6t 9°'qg 30Tt t'0ove 011 0687 0'gcr
€951 9Tt 6895 6T 8'00€ 6795 E91 9'8¢ 8611 §ETT v'8LT
9°/¥ 0'0€E ¥'69T 1°88¢ 7'19¢ ¥'79 191 ¥'8€7 YT ¥°092 R XA
¥ov £'89¢ 0zEY 9°682 €82 9°'86€ ¥'0ET €117 6’1627 00T 9'(6T
665¢ £'9€T £'9Z€ TOST 9'65T 6'ErT £'S5¢ 0'v8 ZTIT 8'GET 2'99
T/ST C8LT 9'¢6T 0'8¢T £'8%¢ 5'86¢ £'z0e 3'66T 2'60T 6'99T £'5E¢C
¢'6EC £¢8l 6'9/T 9091 9’99 vt ¢9/1 YA 3°88¢ £'85¢ LT
Ly 6'T8T L8 64T LCIT 'l S'06l 8EET 038 £99¢ 9'0TE
S'9€T €661 TSLT L'ST 0'S/T 7091 00T 0'sT2 9°89¢ £EIT 159
£9/T 0Z¢ SIS 0€L 5t 0'SS 0'v6 vET 70z 97 501
£1s o 0 0 et 9'th LYLT '1E 60T £eo T+T
9°69 6'8T 9°/P1 £91 LT T¥8T 9'9¢ 0'0¥T 0'¢EC '8/1 £'eve
800¢ £00¢ 900¢ S00¢ t00¢ €007 200¢ T00¢ 000¢ 6661 8661
8007 - 866T 3NY|NH (210} [|ejules AjyIuon
6L 6L 18 08 0e 18 8 08 08 08 6L
8L €8 i) 08 18 LL €8 48 £ el {8
LL 9L 8 €8 £8 8 £8 18 I8 8/ 18
6. 6L 8/ 78 78 67 78 58 78 18 6/
lL z8 18 €8 €3 18 08 78 €8 8/ 18
8 08 08 08 6L 08 €8 8 18 08 6L
08 08 zZ8 08 18 €3 18 08 64 6/ 8
6L €8 08 z8 08 €8 8 18 18 08 6L
6L z8 6/ 08 08 8 €8 18 18 78 6L
08 8/ 08 6L 6L z8 €8 08 78 6. il
08 9/ 8L LL 6/ 18 8L S/ 9/ 6l €L
08 L 6. 9/ 8/ 18 8 9L vl 08 v
8 LL 8 8/ 6L z8 08 8L 64 08 6/
8002 £007 9007 5002 00z £002 700z 100¢ 0002 666T 866T

800T - 866T NY|NH AUPIUNY BAIILII UBIYY

|E103 Ajaeah
29(]
AON
RO
dag
8ny
nr
unr
Aey
1dy
e
qa4
uer

Sane Alieap,
29(]
AON
PO
dag
Sny

nr
unr
Aen
Ady
JeN
494
uef

A-8-1



T'9¢ [4:T4 09¢ 2°9¢ 6°ST 09¢ 6°9¢ g's¢ 'S¢ 8's¢ '9¢
8'5¢ €8¢ 0'se L'ST S'S¢ 6'SC T's¢ 2'5¢ 0'9¢ 1's¢ 1's¢
T'9¢ 7'9¢ Lve L'S¢ 0's¢ 91T 'S¢ 9'S¢ L'S¢ S'S¢ 0'se
T°9¢ ¥'Se 2'9¢ 1'S¢ €'5C £9¢ ¥'s¢ ¥'st 5'6¢ 'S¢ 6'5¢C
8'9¢ 0'9¢ 1'S¢ 2'se 0'S¢ £5e 0'9¢ e 0's¢ 9'5¢ T4
09z S'9¢ ¥'se 1'9¢ 0'se 5'9¢ L'S¢ L’S¢ 9'S¢ 1°S¢ ¢'9¢
T'9¢ 9'6¢ 9t 6'5¢ 0'S¢ ¥'Se ¢'9¢ 9'5¢ L'S¢ FAT4 9'5¢
L'ST 5'9¢ #'9¢ #'9¢ £9Z §'S¢ £9¢ 9°5¢C [a-T4 6'SC S'9¢
2'9¢ 8'9¢ T'Le 9'9¢ 6'9¢ LT 9°9¢ §'9¢ £€9¢ 0'9¢ (V4
9'9¢ 0LT cLe S'le LT 8°0¢ £9¢ '9¢ ¥°'9¢ 6'9¢ 0'8¢
1°9¢ 6°9¢ £9¢ t/Z 0'Le 8'9¢ [=r4 [A N4 8°0¢ 0°Le A
9t €9t 9T 6'9¢ 1'9¢ £9¢ 8'Se 8's¢ 9's¢ 6'S¢ T°Le
£'5¢ °9Z 5'6C 1°9¢ ¥'9¢ L AT4 t"9¢ 9°6¢ T4 S'S¢ 9'9¢
800¢ £00¢ 900¢ Ssooe t00Z £00T 2¢00¢ 100¢ 000¢ 6661 8661
8007 - 8661 24njetadwa) wnwuiugy agelaae Ajyiuap
6'0E T'1E 6°0¢ C1E 60t 0°'TE L0g 9°0g roc €0t 6’0t
9'0¢ coe 86C ot £0¢ L0 L'62 1°0¢ AU 66T 9'6¢
9'0¢ 80¢ 00t T°0¢ c0e [Al 2'0¢€ £0¢ £0t 1°0¢€ 8'6¢
8'0¢ 90t 6’0t 0t g0t 0'TE o€ 6'6C o€ 8'6¢ oe
€TE g0t 0t L0t g0t 50¢ 5'0¢€ 0’0t 6'6C t0€ 0'0E
80€ £TE (1 Z'TE 9'0¢ L0€ [} S0t T°0€ 10t t0€
80t T'TE 1 TTE v'otE 01€e go¢ Sog £0¢ S0t S0t
1€ 1€ £T1E 0'1g £l 1e 6'0¢ 6°0¢ 0t (4113 ¥'1E
£1e L'TE 8'TE TZ¢ 1 871¢ 9'TE £T1¢e T'TE £0¢ 1¢e
¢1E o¢e 8'TE 9¢e Tce 6'TE 91T¢ ¥'TE ¢Te 01e 9ce
80t S1E S'1¢ £CE o¢Ze S'T¢E £1e 9°TE T1¢E (413 (A3
80t 8'0€ 01¢ 0¢E £1e 6'0¢ 8'0¢ 50t 10¢ 50t €1
ot L0E A '1e 6’0t T°0€ L0€ £0¢ 6'6Z 00¢ 670¢
800¢ £00¢ 900¢ S00¢ 00¢ €002 €00z T00Z 000¢ 6661 3661

8007 - 866T 2Iniel1adwal wnuwixey a3e4aAe AjYluow

ine Ajeap
J9g
AON
2O
das
gny
Inf
unfg
Aey
1dy
Jey
DEE
uer

Bunae Aleap
hETe]
AON
130
dag
Bny

Inf
unf
Aepy
Jdy
1e
qod
uer

A-8-2



T'SEL 5°6EC 1°61¢ 6°91¢ T'VEL 9°tEC ¥°8¢C 0°8€¢ L'vET £°8¢¢ S°SEC
9'ved 0'00¢ 611 T'05¢ 8961 8'69¢ 891 t'9¢e 6'tlL t'61¢ ‘(T8PT
L'ECe £99¢ 6'LCT S 6'T/T 6¢ST 6611 6've L'L02 £'559¢ ' L9¢
5°£0C 0'Z6T '0s¢ £0c¢ S1EC ST0E OvEC £5¢¢ £19¢ 6'11C T'0ve
€567 T'S8T 9'T8T 0961 OvLT 1'20¢ £rse 81 LTLT £01e £r6l
6'tec (A 414 68T €652 €ove tele T'LEC '09¢ LAY 8’612 °65C
6T L'9%C t'ZEC (4174 1€91 €0 0'Lbe 5'0€¢ T'v¥d 6'0EC 0/61
9'61¢ 6'00C 9°C1e Tee 0'0LE SISt 8'80¢ t'§ee 8'891 0TEL 9181
T1'69¢ A4 eV 5¢EL P'6te L'8EZ [A53°T4 444 £eve (441" 580¢
'80¢C viLe £'e6d £'S/¢ 0's8¢ t'EEC T'61¢ SCEC 'St £9¢¢ ¥'16L
CrEL 8'66¢ ¢'9/¢ 8'/62 LPLE 9'9/¢ ¥'89¢ 6'8TE £'5/2 #'oLZ 6'L0E
§'59¢ 274 £64¢ €8¢ 6648 1'99¢ 6'81¢ €'89¢ 9'6L¢C '65C £9/¢C
§'5¥¢ £99¢ LEve 682 6¢Le £'5¥¢ 5'14¢ L'9EC £'8¢¢ £00¢ P 15¢
800¢ £00Z 900¢ S00Z 002 t00¢ Z00¢ 100C 0ooc 6661 8661
800T - 8661 INY|NH BUIYSUNS JO S1Y [2101 A|YIUOI
S°8¢ L8¢ 9'8¢ 8'8¢ 9'8¢ L'82 98¢ S'82 €82 4t 14 8'8e
'8t 61T 9/t )14 08¢ €8¢ g/ 6'/¢ 14 L'(e e
'8¢ S'8¢ 9Lt 6Lt gLe vie 6'/¢ 1'8¢ [4:14 A4 LLe
982 €82 58t 18t 08t 9'8¢ €8¢ 0'8¢ '8¢ 6'LC T'8¢
0'62 8¢ 18t '8¢ 03¢ £'8¢ 5'8¢ 6'LC 8'/¢ '8¢ 1°8¢
5'8¢ 1'6¢ '8¢ 6°8¢ t'8c 8'8¢ £'8¢ 98¢ 0'8¢ 6/c 9'8¢
9'8¢ 9'8¢ 8'8¢ L8¢ 6/¢ L8¢ 8'8¢ S8t '8¢ '8¢ 98¢
8'8¢ (414 0'6C 6'8¢ 1°6¢ 6'8¢ 6'8¢ 0'6¢ ¥'8¢ '8¢ LAL:TA
6'8¢ '6c 9'6¢ 567 9'6C 8'6C LALT4 16t 1°6¢ '8¢ 6'6C
682 5°6C L'6T 6'6¢ L6t 9'6¢ 2’62 T'62 T'62 6'8Z ?'0E
58t 16T 16C L6t 56t €6t 0’62 I’A T4 6'8¢ 0'6Z 6'6C
58t £'8¢ 98¢ [AT4 £°8¢ 9'g¢ 5'8¢ '8¢ 622 ¥'8C T'62
8lt €8¢ 6LC §8¢ §'8¢ 6/LC 5'8¢ 1'8¢ 9'/c 9/l 8'8¢
800¢ £00¢ 900¢ 500¢ 00¢ £00¢ Z00¢ 1002 0002 6661 8661

8007 - 866T a4n1esadwal a8eiane Ajyuoy

Bune Ajaeap
pk:Tg|
ADN
O
dog
gny

Inr
unf
Aey
Jdy
Ien
q24
uer

Sane Aeay)
22Q
AON
120
dag
Sny

inr
unr
Ay
ldy
1B
qed
uer

A-8-3



8 6 6 6 6 6 6 01 6 6 T1
6 0t " 1T 1T 01 6 11 6 ] 8
L 9 L 6 L L L 8 8 S T
6 [4> 9 £1 9 01 11 [4! 01 ST ]
8 6 0T 6 6 6 3 0T 01 6 €T
8 L L L 8 01 ] 01 o1 L T
] 6 8 6 01 L 1T 1T ] 6 €1
8 8 o] ] 01 6 [4 T [4} 6 [43
6 01 ] 6 1 0T ] 11 01 [4% ot
8 9 8 9 9 ] S L o1 [43 9
8 L L 6 L L 8 9 9 9 8
L 01 01 11 8 6 1 9 9 6 ot
6 ¥l Tt 6 [4} [4% T 0T TL 0t i
800¢ £00C 900¢ S00¢ 002 €002 £00c T00¢ 000t 6661 8661

8007 - 866T 2[NY|nH (510w} paads puim aSesane AjYIuoy

ine Alaeap
29Q
AON
120
deg
fny
jnr
unr
Aey
Jdy
1B
q2a4
uer

A-8-4



wETER 9 HiHBER#E (Mandhoo Island) TO
KBEAFEBEL AT LERRAFAES R

Report on Field Survey of PV-Diesel Hybrid System in Mandhoo Island

1. Date
May 19, 2009 (1 day)
2. Schedule

8:30 — 11:30 Transportation by Boat
11:30 — 15:30 Field Survey

15:30 — 17:30 Transportation by Boat

3. Members

-_'Qrgé_hiz_ation_ = T

JICA Study Team

Mr. Tadayuki Ogawa

Team Leader

Mr. Fumikazu Doi

JICA Expert: Grid-connected PV system

Mr. Makoto Abe

Coordinator

MHTE

Mr. Mohamed Fazeeh

Electrical Engineer

STELCO

Mr. Ibrahim Nizam

Electrical Engineer

4. Purpose of the Field Survey

The first PV-Diesel hybrid system has been installed at Mandhoo Island in 2005 as a
collaboration pilot project between SMILES' and RETDAP2. In order to monitor the
present condition of management, operation and maintenance of the system, JICA Study

Team conducted the field survey in cooperation with MTHE and STELCO.

5. Outline of the Project

Mandhoo Island is located about 100 km South-West of capital Male' in the South Ari
Atoll. The island is inhabited by 68 families (373 persons). Before the project, the islands
had two diesel generators that were provided by the Ministry of Atolls Development. In
order to reduce the fossil fuel consumption, the PV-Diesel system with storage battery has
been investigated under the project. The system was designed as a changeover system
between PV/Battery system and the diesel generators including the existing generators.

{Figure 1)

The PV and diesel generator could not he operated at the same time.

1

Netherlands

Strengthening Maldivian Initiatives for a Long-term Energy Strategy project funded by the French
Agency for the Environment and Energy Management (ADEME) and the Utrecht Energy Research of the

2 Renewable Energy Technology Development and Application Project funded by Global Environment
Facility (GEF) and United Nations Development Programme {(UNDP)
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Figure 2: Present PV and Diesel Hybrid System Introduced in Mandhoo Island

6. Findings

1} Technical Aspect

v
v

The appearance of PV modules (160 pieces, 80 Wp, BP Solar) is good condition.

All diesel generators are maintained well. (ex. cleaning, changing filters, oil and
lubricant, etc.)

Connection cables for the new inverter are extended or jumped from existing cables.
Several parts are thinner than the existing cables. It might cause the over current
and/or voltage drop.

Battery bank is left without charging. Although the condition seems to be good from the
appearance, it causes the sulfation and stratification of the batieries. It results in
shorten of the battery life.

According to the operator, the peak load is approx. 25 kW in daytime and approx. 35
kW in nighttime. On the condition that PV generates well but demand is low, the diesel
load factor will be low. It might affect the efficiency and engine life.

2) Management Aspect

v

RN

The system is managed by the Island Community. The community covers the works in
accordance with the island development program including cleaning and operation of
power house, efc.

There is only one operator and his salary is 2,000 Ri/month. His main job is operation
and maintenance of diesel generators. He refill the fuel several times a day and
switches diesel generators every twelve (12) hours. The small diesel generator is
operated during daytime (6 a.m. - 6 p.m.) and large one is operated during night time
(6 p.m. — 6 a.m.). He changes consumables such as oil and filters.

There is an area where the Hilton resort staff live. The power supply is different from
the local area. The resort donated all existing diesel generators. In addition they assist
the big maintenance of diesel generator such as overhauli.

Most of island people work in the resort. They have many elecirical appliances
(lightings, fans, TV, iron, etc.)

Present tariff is 3.5 Rf/kWh, fix rate even though it was 5 Rf/kWh several years ago.
Main reason of decrease the tariff is reflection of fuel price.

The community has bank account and their income from electricity is 60,000 — 70,000
Rf/month. The present fuel price is 7.75 Rf/liter. The main expenses are approx.
40,000 Rffmonth for the fuel and 5,000 Rf/month for the consumables.

The staff of island office collects the electric charge.

PV system is owned by government.

The power demand will increase gradually because new housings and mosque are
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constructing now.

7. Comments/Suggestion/Caonclusion

v

As for battery bank, the floating charging is required to prolong its life, it is better fo
utilize them for the emergency purpose or to transfer them to another island.

As for cable size, it is better to check the capacity and to change into proper size
depending on the necessity.

By appearance, inverters showing the operation status of PV will be preferred. Now
the aperator is not aware how fo open the inverter panel.

Technical transfer from present operator to possible future successor is necessary
because there is no perscon who fakes over him.

Either MHTE or STELCO will have to monitor the system and assist the island
community. Periadical reporting and monitoring system may have fo be considered.

In order to analyze and evaiuate the economy and efficiency of the sysiem, it is
recommendable to record the operation data such as load curve, fuel consumption
and maintenance record.
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wAER 10 HHFR#WES (Fanadhoo and Gan Islands) T
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Report on Field Survey of PV Systems in Gan and Fonadhoo Islands in Laamu Atoll

1. Date
May 28-29, 2009 (2 day)
2. Schedule

28th

15:00 — 16:00 Transportation by Airplane

20th

9:30 — 18:30 Field Survey (Gan and Fonadhoo Islands)
20:30 — 21:30 Transportation by Airplane

3. Members

- Name -

 Organization

JICA Study Team

Mr. Tadayuki Ogawa

Team Leader

Mr. Yoshitetsu Fujisawa

JICA Expert: Institutional Framework for

Grid-connection/DSM

PV

Mr. Tomenori Kondo

Equipment Planning/Detail Design

Mr. Makoto Abe

Coordinator

MHTE

Mr. Mohamed Fazeeh

Electrical Engineer

List of Contact persons regarding the survey

| Name e E Organlza’uon T - Contact ..
Atoll Office

Mr. Abdul Wahab Atoll Counselor 7785381
Mr. Mohamed Shifau Administrative officer 7783462
Island Office, Fanadhoo

lbrahim Mohamed {sland Chief 7601897
Power House, Fanadhoo Island

Mr. Abdul Rasheed Operator, Power House 7934985
Power House, Gan Island

Mr. Ahmed Shkeef Operator, Power House 7798133
Horizon Fisheries L. Mandhoo

Mr. Mahamed Nasym Supervisor 7793644
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7. Findings

Multi-Purpose Building in Gan Island

1) Technical Aspect

v
v
v

The appearance of PV modules is good condition.

The Battery condition seems to be good from the appearance,

According to the administrative staff, these facilities have waorked well since they were
installed in 2006.

Output of PV seemed to be consumed by indoor consumption mainly and the remaining
seemed to be charged into Battery or sent to the existing grid.

2) Management Aspect

v
v

This system is owned by the Multi-purpose Building.

The system is managed by the Multi-Purpose Building as one of facilities installed into
that building. Therefore, the workers in the office also are in charge of O&M of PV
sysiem.

However, they don't maintain PV system pericdically. instead, technical staffs from
power house visit the site, but are not aware how to check the operating condition of PV
system.

The Excess output from PV system is sent to the existing grid, however, it was not
controlled and the excess was sent free.

The waorkers in charge of O&M don't know how to measure the amount of excess power
from PV system to the existing grid, therefore, JICA Study Team provided necessary
instruction for them.

This building was constructed in the same time as installation of PV system, therefore,
the reduction of electric tariff by PV system was not measured.

The replacement cost of battery system was not collected yet. The cost of replacement
of battery is most expensive, therefore, to save money for replacement of Battery was
recommended by JICA Study Team.

Island Office in Fonaldoo Island

1) Technical Aspect

v
v
v

The appearance of PV modules is goed condition.

The Battery condition seems to be good from the appearance,

According to the adminisirative staff, these facilities have worked well since they were
installed in 2006.

Output of PV seemed to be consumed by indoor consumption mainly and the remaining
seemed to be charged into Batiery or sent to the existing grid.
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2) Management Aspect

v
v

This system is owned by the Island Office.

The system is managed by the Island Office as one of facilities installed into that
building. Therefore, The workers in that office also are in charge of O&M of PV system.
However, they don’t maintain PV system periodically. Instead, technical staffs from
power house visit the site, but are not aware how to check the operating condition of PV
system.

The Excess output from PV system is sent to the existing grid, however, it was not
controlled and the excess was sent free.

The workers in charge of O&M don't know how to measure the amount of excess power
from PV system to the existing grid, therefore, we instructed them.

This building was constructed in the same time as installation of PV system, therefore,
the reduction of electric tariff by PV system was not measured.

The replacement cost of battery was not collected yet. The cost of replacement of
battery is most expensive, therefore, to save money for replacement of Battery was
recommended by JICA Study Team.

8. Comments/Suggestion/Conclusion (for both sites)

v

v

To make the workers in charge of O&M maintain periodically and measure the meters
periodically.

To save money for the Replacement of Battery should be recommended by the Central
Government.

Either MHTE or STELCOQ will have to monitor the system and assist the Multi-Purpose
Building and the Island Office. Periodical reporting and monitoring system may have to
be considered.

In order to analyze and evaluate the economy and efficiency of the system, it is
recommendable to record the operation data such as load curve, fuel consumption and

maintenance record.
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