1.Background of the Study

1.1 Outline of the Republic of Kiribati
1.1.% Background

- Kiribati consists of 33 islands located in the mid-Pacific, astride both the
equator and the international date . line in three main groups the Gilbert,
Phoenix and Line Islands. The total land area, which amounts to only 725 square
"km, is distributed over approximately 3.5 milllon square km. Most of the islands
are-low;lying'coral atolls except.for Banaba, which is of lime stone origin. The
geographical fragmentation of  the lslnnds,'their_remoteneSS, and their small
size represent fundamental constraints to Kiribati's development.

Kiribati faces difficult challenges in the agricultural sector due to an
inhospitable natural environment. Only cooonuts breadfruits pandanus, swamp-
taro, papaya ‘bananas and pumpkinsg grow well in the infertile s0ils of Kiribati.
There are no forest resources and.no known exploitablelnineral,resonrces except
for the. res1dual phosphate deposit in Banaba. The nation does however possess
abundant ocean resources, including both fish and a significant amount of
- manganese nodules within its 200 mile exclusive economic zone(EEZ).

: Kiribati-gnined its independenee.from Britain in 1979. The I-Kiribati
{native people) have a'strong cultural;tradition and possess an -egalitarian
ethic which is based on mutual help and cooperation. Kiribati's subsistence
eoonomy.has-been_self¥suffioient in the past but as urbanization proceeds
- Kiribati- is becoming increasingly dependent on International trade to meet

essential requirements.

_ -The population of'Kirioati-was estimated at 68,200 in 1988 and 72,300 in-
1991 Population distribution among ‘the islands is highly skewed South Tarawa,
with only two percent of the land area, accounts for one third of the total
':populatlon, implylng a ‘population density of 1,345 persons per square km. By
| ’contrast 'the:Line lslands-(Christmas Fanning and Washington) accountnfor only
four percent of the: population and about .60 :percent of the land mass,.. Over-
crowding in South 'I‘arawa is considered to be a serious problem and the government

‘has launched a resettlement scheme.

‘'The population'of Kiribati expanded at 2.1'percent per annum during the
1979-88 period, close to the average for the region. A high fertility rate
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averaging five children per woman, was largely offset by the relatively low life
expectancy of 53 years compared, for example, with 63 3/4 for Asia.

Despite high levels of literacy, sh01tages of skilled labor represent a
major development constraint in Kiribati. There: is only one public secondary
school together with five secondary schools that are managed by local ChUICh.
groups; few students complete secondary school’ education and: ‘€0 on for higher
education. A maritime training college and the Tarawa Technical Institute
provide 1imitcd vocational training The available evidence: suggests that there_
is also a shortage of fully trained primary teachers with over 70 percent of
positions filled by inadequately qualified,incumbents o

' Kiribati also faces ‘a number of severe health problems Health serviCe-
-capacity is' Inadequate with one doctor per 1 967 persons and only one hospital
in the entire country. As noted earlier life expectancy is low (55 8 Yyears for
women and 50.6 years for men} and,infant:mortalitytis high at 82 per 1,000 of the"
population. In addition, there isda general Vitamin‘A deficiency among;the
children and evidence of dietaryEdeficiencies“(lom:protein Intake) is’present
in other age groups. Diabetes is also common. ‘Furthermore, there is a shortage
of potable water supplies in ‘South Tarawa where the water supply is ‘being
depleted, drought ‘1s endemic and salinity is on the rise. The water supply on

~ Christmas Island,is also in a poor condition.:

The bulk ' of ' the working population in. Kiribati is employed iu the
subsistence sector. Formal wage: employment is largely limited_to urban sectors
where the clvil service and public enterprises account for over two- thirds of
total pald employment Data available from the 1978 and 1985 Census indicate-
little change in. indigenous employment suggesting that much ‘of the increase in
the labor force during the intervening years has been absorbed in subsistenoer

activities.

Although no reliable survey'data exist the: Ministry'of Trade Industry and
Labor believes that there is substantial excess “supply of labor. As:evldence,
1t nay be noted,that applications for entry level positions in the civil service*
more than doubled during 1988~ 89 . e R



Table 1..1_—1 KIRIBATI: Population & Households in Islands

(km2)

1985

Population

1991

Households

1991

(1) Banaba
o Makin-
) Butaritai
@ Marakei
© Abaiang .
® Novth Tarawa
(D South.Tarawa
Maiané_
@ Abenana
Qkauria
@ Aranuka
@ Nonouti
@ Tabiteua North
(@ Tabiteua South
B Beru
@® Nikunau
@DOnoptoa
@ Tamana -
(9 Arorae
Washington |
@) ranning
@ Christmas
" @ Canton

14
17 -
15
16

46
1,777
3,622
2,693
4,386
3,208

. 21,393

2,141
2,966
1,052

984

2,930
3,171
1,322

2,702

2,061
1,927
1,378
1,470
451
445
1,731
24

+/- 1985
238 10
- 15 287
152 581
170 464
847 648
443 456
3,987 . 2,907
39 353
252 492
- 62 172
18 173
- 1186 534
30 591
9 246

- 207 521
- 87 360
173 877

7 267

- 30 292
485 67
864 69
806 288
21 5

8,458 10,160

990

18

54
-4

96
175



Table 1.1-2 Social and Demdgraphic Indicators 1988

Indicator units Kiribati Asia
Population ' Persons 68;207' .
Groeth rate % p.a. - ' 2.1 1.8
GDP per capita us § 470 '
fDaily calbrle supply  Per capita 2,935 _ o
Crude birth rate -  Per '000 - 37.5 26.8
Crude death rate Per '000 . . - 14 8.8
Infant mortarity rate = Per '000 births 82 L
Life'eipecfancy at birth =~ years . 58 o 63.7
PobuiatiOH per ' _ : ' |
-Doctor ~ Persons’ - 1,967 . 1,422
-Hospital bed  Persons . 209 -
Acess to safe water S ' S
~ -Urban - % population 95.0 12,5
 -Rural % population 54.0 -
School enrollment ratio % - 84.0 _
Adult 1lliteracy rate -~ % -~ 100 89.5



1.1.2 Recent Economic Development

o Prior to independence gr owth oi’ the Kiribati economy was closely linl{ed to
exports of phosphates from’ Banaba Island whose deposits were exhausted in 1979.
However the colonial administration established a Revenue Equalization Reserve
Fund (RERF) In 1956 to serve as a trust fund to supplement revenues In the post-
phosphate era Notwithstanding revenues’ ‘from this source, real GNP fell
dramatically when phosphate deposits ran out around the end of the 1970s and had
recovered to only US§15. 4 million by 1987, compared to US$35. 2 million in 1978.

During‘the' 1980s, ontput"fol_l'owed a hi'ghly-erratic pattern, reflecting the
vagaries of “weather ‘and the Vulnerability of the country's only expor:t
commodities (copra and: fish) to price and environmental shocks Stabilizing
influences have been exerted over the years by a steady inflow of aid, budget
grants and overseas workers" remittances together with revenues generated by the
RERF ‘In 1988, the per capita GDP: of- Kiribati stood at US$470 ‘placing 1t in the
category of low income countries

Available evidence on the fiscal balance of Kiribatl Indicates a prudent and
conservative approach to public expenditure management Current and development
expenditures of the government have been guided by three main principles “(a) '
to avoid budgetary deficit, (b) to restrain outlays on public services to levels
that could be sustained in the medium-term, and (¢} to-invest in the development
of ‘economic and social infrastructure as a foundation for future growth.

To restiain curr ent expenditures, “‘the government intro'duced several
measures suc‘l as the introduction of flexible pricing policies, consequently
subsidies to these enterprises dropped from ‘10 percent of GDP in 1980~ 82 to only
2 percent in- 1987 As a result of these measures by 1985 ‘the level of current
Eenpenditm‘es was down more than 25 percent from 1982 levels. and it remained

fairl)r steady until 1988 The reduction in current expendlture was sufficient
| to oi’fset the loss of UK budgetary grants in 1986 and to provide a budgetary
surplus suffieient to finance ‘about 4-5 percent’ of capital expendltures. The
ba_lance_of capital _expenditures was financed by external grants

_ There 15 no central monetary authority in .Kiribati and the Australlan dollar
servesjas_f.:lega_l':'ténder_. ‘“This currency’ constraint accounts in part for the
‘prudent ‘stance of fiscal policy adopted by the. Central Government desplte the
low level of economic acti’v’i_ty'enperienced during the 1980s. Inflation, which
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uitimately is transmitted to Hiribati through surpluses in the balance of
payments, aver aged less than 6 percent during the decade this was the lowest
among the PMCs (Pacific Member Countries).

The vulnerability of the Kiri_bati economny 1is r'eflect_ed'in .the composition
of its balance of payments. Imports have equalled, GDP in recent years while
export earnings (which accrue from the '.very_nar.row_product'base of copra and
fish) constitute around 20 percent of GDP. Officlal transfers {equal to more
than one-half of GDP) have more'than offset the deficit on nerchandise trade
yielding a positive current account balance of ‘USS 6 million (20 -25 percent of
GDP) on average since 1985 The balance on capitai account tends to be slightly
‘negative as RERF reinvestment and financiai investments of the. National
Providen_t_Fund nomina:l_l_y‘exceed conc_essional_ aid from multinational agencies and '
some private tra'nsactions:. The overalilha'lance of payments registered surpluses
during most of the 1980s, as the surpluses- 1n'.the current account tended to

outweligh capital account deficits.

Kiribati's dependence on two primary exports, copra and fi.sh which
accounted for 71. 8 and 27.4 percent of merchandise exports. respectively in 1988
has had important implicatiens for_ the country's economic development . '_l‘he__sharp
decline: in copra prices in 1982-86 and a ,drough_t:: in 1984-85 eign'ific_antly
reduced export earnings .lead_i_ng' to a.s'eve.re".deteri'ora_t'_ion in the balance .of
payments To offset the fall in export earnings' the governments of UK "Canada.

and New Zealand assisted with projects to support copra and related. production

as well as other agricultural and farm products,

The fishery sector prOVIdes _an important source of ‘vgage empl.oynent- and _-f_ieh
is an important food source in '._the' 'suhs:iste'nce'_sector.‘ In an ;_efi’ort to, sp_u_f '
development of this sector,. in 1981 :the government established Te Mautari_';Lt(i.'
(1ML} in South Tarawa as a commercial fishing company to export: bulk frozen tuna.
Honever,, the - initiative has =en'cou_ntered. diff i.culzt'_ies due to: inadeciuat_e .
financing, management practices, technical problems and a low catch in 1987 due

to bad weather.

Another government enterprise, the Marine Export Div1sion, was set up in'
1987 in Christmas Island to export quality chilled fish (kingfish milkfish and"
Tobster). Growth h_as_been constrained hy _lin_iterl ai_r; service to ‘Ha_waii_ and_t_o
other locations, including. Japan. Add_itione_l'_problems include the lack of .



quallity cOntrol. inadequate managerial and marketing staff, and the absence of
banklng'facillties in Christmas Island for overseas transactions.

Table 1.1-3 Selected Econonle Tndicators, 1985--1989

Production and Expenditure

Real GDP (mil 1978 US$) 17.35 17.84 16.45 19.25 19.44
Growth Rates (% p.a.)- _ |

~Rcal GDP 6.4 -2.8 -7.8 17.0 1.1

—Agriculture ~25.2 -20.7 -25.6 87.0 --

-Industry . 11.8 11.2 -28.6 1.2 -

—éervices . 2.2 11.7 "0 9

Central Government -Budget (% of GDP) .

“'Revenue _ ' - : ' 52.6 38.6 bH4.9 44.4 40.9

Tax Revenue B . 16.1 16.7 21.3 17.3 18.2

" Non-tax Revente - . 87.6 22.7 33.3 28.3 22.5
Expeﬁditure : .
- carrent | | 51.2 46.3 47.8 45.4 4.6

‘Capital - - 33.5 45.6 41.4 34.3 43.1

Overall ballance 5.9 -9.5 5,1 -i.6 -5.3

2 -53.4 -34.6.-34.3 -39.2

Excluding Grants) . -32.
Money and Prices : : _
.Consumer Price Index (1975 100) . 160.2 172.7 183.9 189.6 197.0

: ‘GDP deflators (1978=100) .= - - 168.2 179.3 191.0 196.9 204.6

Balance of Payments (mil US$)

Exports. (fob) - 4.3 1.6 2.1 4.5 4.7
 Tmports (cif) . -15.1 -14.4 -12.6 -19.0 -22.3
‘Trade Balance . - . . -10.8 ~12.8 -15.5 -14.5 -17.6 .

Servlces S - S 0.9 6.2 3.1 3.2 4.0
Private transfers (net) 0.9 1.6 2.2 2.4 2.9 '
 Oficial tramsfers = - - ~ '12.5 14.8 16.4 13.2 16.5
_Current Account Balance ' 5 .8 _6l2 4.3 5.8

Overall Balance 9 4,6 2.1 -1.2 6.3



1. 1,3 Medium-Term Outlook and Prospects

Given 1ts exceptionally narrow resource base, the economic futuro for
Kiribati depends to a large extent on the degree to which policies can be set on
a path to exploit the country's few major development assets. These include
i’isheries resources, which are vast in terms of ocean area; the lightly
populated Line (and possible Phoenix) Islands; and a small but highly capable
workforce with overseas experience in mining operatlons (phosphate in Nauru},

shipping and ‘construction.

The primary source of growth in Kiribati is expected to be in the maritime
area, Further development of the fisheries resource depends primarily on the
introduction of new: techniques to extend the range, expand the volume and
increase the market ‘value of fish caught by domestic enterprises. For the time
being, developments depend what can be achieved by Te Mautari Ltd. (TML), the
: national fishing company based in Tarawa, and to a lesser extent , by the Marine
Export Pivision: (MED) of the Ministry .of ‘Natural Resources, operating from
Christmas Island ’I‘ML generally operates pole and ‘line vessels  (and a

othership) with limited range because of the characterrstics of balt available
from the Kiribati lagoons The addition of longline vessels {funded by the EEC)
‘could greatly extend operations,_ improve efficiency and inorease,returns Such
developments have the potential to double the real value of fish exports within

five years.

' Kiribati should 'also seek greatly expanded revenues from licensing income
derived from foreign fishing operations in its EEZ In 1988 it received only
A% 1.8 million (US$1 5 million) for a reported catch of 15,000 tons, with Korea
paying_ 45 percent- (for 27 percent of the oatch) ‘and: Japan 36 percent (for b6
percent of the catch-}, recelpts under the regional US agreement were minimal.
A more active policy to increase licensing revenues 1s warranted. '

Increased i‘ishing rents depends 1n substantial part on Kiribati 5 ability
to police its EEZ more effectively for this reason, fhe Australian offer to
provide ‘a patrol boat and contribute to its cost of operation should be
considered. The offer was first made in 1987, .at a time when - several other
Pacific Island countries accepted this type of aid It is understood that the'_
provision of the vessel, advisors and spare parts would be at no’ cost to
.Kiribati In addition support. for operating costs durlng five years of expected _



usage would be provided under grant ald, as would maintenance and refitting
costs for a further five years,

Tourlem is the second major development posslbility in the Line Islands.
- There, Where people: are few, land is yelatively abundaht and the Gevernmeht
wants to resettle a sizeable paft of the total population. At the Kiribati
Development Conference held on Kiritimati (Christmas Island) in October 1989,

there were NUMEerous ‘indications of support from multinational agencies and
bilatelal.dqnors.for_the Government's policy of outer islands development,
:through settlement of the Line and Phoenix Tslands.

_ Nevertheless 1ﬂueposs1b111ties arg limitedi%nrfurther tourisnldevelopment
on Christmas Island which already has a small but viable tourism trade based on
sports fishing_and bird-1ife. In addition, settlement 1s-constra1ned by the
prevalence'ef dreughtsjthat prohibit most agricultural development on that
island. On the'othef hand, Tebueran (FanninguISIand)'appears to have significent
potential for tourism development mainly for topographic reasons, if airport and
related infrastructure can be developed.

The potential benefits from one or more major tourism ventures‘are
substantiel.:By 1994 as many qe.z.ooo.resettled,I-Kiribati could be employed in
this . type of development, a number_equivelent to-nearly'ao pefcent of the
employed:workforce.in 1988 and well above the'total currently employed in
overseaS-miniﬁg and shipping. Appfopfiate tourisﬁ development would not limit
resettlement programns, but would provide development opportunities needed to
underpin the resettlement scheme. In addition, tourism would provide an'outlet
for the excellent local handicrafts industry, thereby widening the benefits of
growth, ‘ :

_'.'Several other possibilities exist for major development schemes Including
- the resempfien of phosphate mining on Banaba and satellite launching facilities
en.Kiritimati.-The.origineljpreposal to re-mine  Banaba fer its residual
DhQSphete_dépqSitsfoffered the promise of revenues in excess A$3.miilion a year
:-fof‘three years of operaﬁion.iplus-significant.employmentfbehefits. A much
expaﬁde&hKiritimati schenme to. establish satellite launching facilities might be
feasible but the pro;ect has not .advanced to the stage where 1% can be

considered a firm possibility
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As noted, Kiribati hasa sizeable overseas labor force, including 1,070 (as
of 1987) seamen serving'on South Pacific Marine Service.(SPMS).vessels and about
560 working for the Nauru Phosphate Company. Cash remittances.from these and
other enternal sources appear to beneftt up1x)one4thirwiof'Kiribati households;
private transfers amounted in 1988 to A$4.5 million of about A$300 (US$250) per
household. The 1, 600'workers employed in overseas shipping’and!mining represent
more than 20 percent of total employment in Kirlbati. the external labor force
is ‘one of Kiribati s maln assets, However. it is faced with prospect of
exhaustion of the phosphate deposits on Nauru, and,by the probable easing of the
demand for seamen through advances in merine technology A national empioyment
strategy should, it appears, include efforts to expand,the amount of employment'

overseas as well as within the national boundaries

In view of these prospects the Government should consider discussing'with
its major partners in development the possibilities for special provisions
regarding employment “and’ settlement of ‘some I- Kiribati outside the country ’
These partners would include Australla, the United Kingdom, New Zealand and
possibly Japan and the United States. ' e :

Despite substantial development financed by external aid over the last
_decade ‘there are still sizeable infrastructural: gaps in Kiribati especially
_as regards road and causeway construction in the outer islands, airport
upgrading, and the improvement of telecommunications.: The continued inflow of
grant asslistance for the above proposals will provide some growth in employment

and income.

_ Prospects for growth in agriculture (excluding fisheries) are limited No
significant increase in copra pioduction or exports can be expected and
possibi]ities for export diver51fication are small. One notable exception is
seaweed, which: appears to bhe replacing copra production in some cf the islands
However with increased income from other- sources the demand for local fruits-
vegetables and livestock should increase, stimulating private production and:
providing needed,diversity in: diets Similarly. ‘there: will be increased demandﬁ
for small manufacturers and_for general trade ‘and: services. While these would'
not be leading sectors, they could.provide considerable scope for private sector

development on a scale appropriate to Kiribati.
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The manufacturing sector, which 1s in a rudimentary state, contributes
merely 2.5 percent of GDP. ‘This minor contribution underscores the heavy
dependence of the economy on importsrﬁ?manufacturers and the considerable scope
that exits for import substitution in basic consumer items. To encourage private
manufacturing investment, the government has streamlined 1icensing'procedures.
and undertaken the construction of an industrial estate in South Tarawa, to
facilitate setting up of plants by private entrepreneurs ‘and by - foreign
" investors. Nevertheless there seems to be no scope for large-scale industrial
expansion as the small domestic market 1imits the scale of production' while
_ high transport costs offset cost advantages provided by cheap 1abor. A stlategy
"of small scale, " labor intensive manufacturing for the home market is expected
to yieldnindustrial growth of 6 percent during 1990-94 and 7 percent in 1995-99.

- The potential of the service sector to generate growth and employment
remained,underutilized in the 1980s, The projected growth rate of 3-4 percent_
for services during 1990-99 is predicated upon expansion of transport and retail
services?and rapid growth in tourism.

A fundamcntal;probleﬂiof the economy concerns its high level_of consumption,
relative to income and savings. A key to achieving self-reliance in the long-
term would be to restrain:private consumption, primarily through taxation,
keeping it well oelow GDP. Such a strategy would increase tax revenues, raise
" national savings and also_limit import growth in the 1990s to 4-4.5 per annum.

Hiéh:rates of investment (of the'order of 30 to 40 percent of GDP) will be

necesSary to restore growth in the 1990s. External donor support and continued

remittance inflows will be required to sustain investment at this level.
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Table 1.1-4 Mcdium Term Balance 61’=Payme'r:1ts, 1988--1993
(in millions of US$)

" Exports (fob) - 4.5 4.7 4.6 4.7 5.0 5.1
Imports (fob) 19.0 22.3 23.2 24.2 25.5 26.8
Trade Balance -14.5 -17.6 -18.6 -19.5 -20.5.-21.7
Services, met 3.2 4.0 2.8 8.1 3.5 8.7
Receipts o 18.5 20.0 19.6 20.6 21.9 23.1

RERF Tnterest Receipt 9.1 ‘9.0 88 9.1 9.5 9.9
Payments 15.3 16.0 16.8 17.6 18.5 19.3
Transfers, net - . 15.6 19.4 21.5 22.7 23.8 25.1

“Private = ! R 2.4 2.9 8.3 3.6 4.0 4.4
" officlal - B 13.2 16.5 - 18.2 19.0 19.9 - 20.8
Current Balance SRR 4.3 5.8 5.8 6.3 6.8 7.3
capital Account . . .-5.5° 0.5 -0.6 -0.8 -1.2 -1.4
‘Overall Balance - -1.2 6.3 5.1 5.4 5.6 6.0
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Table 1.1-5 Medium4ferm Projectlons; 1990--1999

. Items . : ' Estimates Prpjections
1985--89 1990--94 1995--99

Growth Rates (% per annum)

GDP , 1.9 3.3 4.5
Agriculture & Fisheries 1.5 3.5 5.0
Industry 4.0 6.0 7.0
Services 1.8 3.0 4.0

Consumption 1.0 2.5 3.0

Gross_Investment T.0 7.5 8.0

Exports ' 2.4 5.0 8.0

Tmports 7.8 4.1 4.5

Prices 5.1 5.0 5.0

Ratio to GDP (%) _ .

Gross Investment 30.8 35.8 40.0
Gross. Savings = - . 53.5. - --
. Debt Service Ratio (%) 1.4 1.5 1.5
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1.1.4 Development Issue: Constraints Problems and Prospects _

The fundamental challenge of development tn Kiribati 1s to mobilize its
limited human and natural resources, to lay the ground work for a supportive
economic and social infrastructure and to _gene_rate the maximum possible growth
of produc‘tivity in the medium and longer-term. Although the National Development
Plan for 1987-91 ‘makes self- sufficiency a key objective it is doubtful whether
dependence upeon aid can be reduced significantly. even over the medium term.
Indeed, such a policy may not be advisable, the outlook for eid in the 1990s
appears favorable {a possible increase of 75 percent would be 1ealistic) and aid
'recipients could go a long way to building the physical ini’rastructure that
Kiribati needs, but is unable to finance out of 1ts OWD resources. The prudent
policy in this respect would be to channel aid into the: development of
Anfrastructure and other projects that would contribute to the eeonomy s future
growth potential so that self-reliance could become a feasible goal for the

subsequent decade.

_ To p1 otect the investments of previous years, there is the growing need for
increased recurrent expenditure to cover the costs of operation and maintenance '
{0&M) of these investments Without adequate provision for these costs from
1ocal budgetary resources, aid financed projects and equipment will either be
under-utilized or will have an unnecessarily short 1ife-span. There is elso a
need to make projections of recurrent costs in order to support projécted medium

and long-term investment levels.

_ Although the bUdgetary policy for the 1990s avoided mejor fiscal imbalance,
it must be reeog'nized that for much of the decade, deficits on cur_r_ent operat:'io'ns
'were also covered by ex_ternel grants. It 1s commendable that .sin'Ce 1986,
- external grants were only applied to development expenditures, leaving current'
expenditures to be financed entirely from domestic resources. To support long-
term growth, it will be-necessery to expand the domestic reveniie base through
reform of tax administration and the introduction of user fees and new forms of
taxation. possibly including a value added tax. greater demands on current
oxponditures are expected as infrastructure and- production projects are

completed increasing local O&M financing requirements

‘The experience of the 19803'unders‘cores the extreme vulnerabllity of the -

Kiribati economy, owing mainly to _its_narrow resource base, In such
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circumstances, the development of a self-reliant economy presents enormous
challenges which requires a concerted effort and film commitment on the part
of government This commitment has been set out in the National Developnent
Plan: 1987-91. Qulte appropriately. the development strategy embodied in this -
plan attaches high priority to resource development, particularly natural
resource explmtation Indeed, forty per cent a doubling of i1ts share In 1980-85
of total public investment is allocated for this purpose, much of which will go
to the development of the ‘Ifi_sh_e:ries sector. Infrastructure investment
requirements have been scaled down some :nhat in view of the large‘ear_lier outlays
'in"this sector. {(over 50 percent of development 'expendit'ure's ,  1980-85).
Nevertheless, & substantial allocation (19 percent ) is made to transportation,
underscoving the continuing . emphasis accorded this vital aspect of.
infrastructural development The projections of 3-4.5 percent GDP growth in the
_ 19905 appear achievable in view of the planned emphasis on the most productive
sector (fisheries) and higher productivity expected to accrue from past

infrastructural investment.

Other salient features of the plan include (a) promoting private sector
participation in investment, (b) a greater emphasis on rural and outer Island
' development ' through gettlement and development of the Line Islands, (c)
strengthening family planning activities, and (d) ensuring fiscal discipline,
'balance of payments stability, and limiting future debt- serv1ce liabilities.
Although plan objectives_ and emphasis appear commendable, the_challenge is to
translate them into effective progr'ams and policies. Serious deficiencies still
exist In project preparation, monitoring and implementation of investment
programs. The coordinating role of the National Planning Office (NPO) needs to
~ be strengthened and further training of personnel in developing a comprchensive
project monitoring systen would be in order.

- The public sector dominat’es' the Kiribati economy, accounting for 95 percent
of gross investment and almost half of total GDP. Although the central
government has been prudent in the conduct of fiscal policies, the same cannot
_-_be gald of some public enterprises whose recurring losses have been a heavy drain
of the government s budget. Until 1985 government subslidies to public
enterprises ran upwards of 10 percent of GDP before falling to around 5 percent
'in 1988 due to the cost overhauls at Air Tungaru Between 1979 and 1985,

' _subsidies_grew at a rate of 7.3 percent per annum, a 1ate faster than the growth
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of" eithel recurrent cxpenditnles for  revenue collections Other public
enterplises requiling heavy subsidies include the public Utilities Board: (in
charge of water supply, sewerage, and electriclity), Telecom Kiribati, and the

Housing Corporation.

The appropriate strategy for reducing these costs 1s to shrink the size of.
the public sector while encouraging greater private sector participation in
investment and enterprise Evidence of the gove:nment 8 commitment in this
respect may ‘be seen- In the privatization of major public- enterprises {the
Ambarka Trading Company and Telecom Kiribati), More companies are slated for
privatlzation A preliminary assessment of some 40 enterprlses for transfer of
ownership {or management contact) has been drawn up hy a special cablnet

. comm ttee. Nevertheless overali progress on privatization has been slow and
there is a need for sharply Iincreased pace of privatization private sector .
initiatives are being crowded out, removing the stimnlus of competition from_an
already limited'range of business opportunities. TolachieVe'greater progress,
the government should concentrate 1ts efforts on two goals: (a) divest full or
majority ownership of state enterprises (excepting natural monopolies) to
private sector interests, domestic and/or forelgn; and, (b) refuse to initiate
'new enterprises in direct competition with the private sector except where the
_supply'of essential goods and services. is inadequate . The government s role in-
creating an efficient and productive economy lies in the: provision of the basic
physical and human infrastructnre and improving the OVerall po]icy environment

~ for the private sector.

High-on‘the goVernment‘s3list’of-priorities mill.be”the need to increase
investment in human resource development.through manpower-planning'and_training'=
-in those skills that are in shcrt'supply' At present' there-is an'overSupply of;
clerical and administrative staff but a shortage ‘of skilled and professional
staff. Current pay scales and promotional prospeets do not encourage higher
education. causing a’ number of senior: professional posts to be filled by
expatriates Training- programs should be 1nitiated or ‘stepped- up- in areas ofg
great demand For example there is a shortage of: secondary school teachers yet '
therc are only three higher education institutions Tarewa Teacher ‘5 College,
Marine Trainirn;Center andﬁfarawa'Pechnical Institute (TTI) The latter and. its-
Rural Training Center are the principal centers for technical and vocational
training; for higher educat_ion, scholarships are provided by foreign governments.
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(Auétralia, New Zealand and UK) and students can be enrolled in_the University
of The South Pacific Extension Center in Tarawa. Most others Seeking higher
education attend the Univeréity, of Papua New Gulnea. Higher education,
vocational training and skillzdeveiopment are areas where forelgn ald and

technical assistance are required.
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i.2 Energy Sttuation in Kiribati
1.2.1 Energy Supply -and Consumption : _
Kiribati is- curiently importing approximately 30 percent of her total
energy, relying for the balance on Indigeneous biomas 1esourees i.e. locally
obtained fueiwood. From 1982 to 1991 about 10 thousand kililiters of mineral.
fuel was imported. (see Table 1.2-1) '

About 90 percent of the imported_fuels are eonsumed on South Tarawa while
the remaining 10 percent is consumed on outer islands refrecting thelir different

levels of development.

.Biomess resources will be ennected to provide the'bulkfof_the'country's'
energy needs for the forseenable.future. Other energy sources ineluding solar,
and in epecific area nind offer limited alternative energy sources fer
exploitation These alternative may offset future dependence on imp01ts and
contribute to the overall aim of achieving the muximum degree of energy
independence while providing opportunities for development primarily in the

rural sector.

In'1990 a new method of determining the fuel price was introduced and the
retail price of fuei is same in South Tarawa and outer islands, the price is:
Landing pIiCe(CIF South Tarawa price)
+ Mark up (10 percent of Landing price)
+ Kiribati 0iil Company{0verhead cost.

The Landing price of fuels at South Tarawa is estimated as:
FOB price of fuel 80.6 to 82.7 Percent
Insurance and loss 1.0 fo 1.2
"Freight for'MR tanker 2.4 t0 4.2 (MR:Middle range)
Cost of transshippment: 0.9 to 2.8 '
Freight for LCT 4.1 to 11.1 (LCT Local coastal tanker)
{see Fig. 1.2-1 and 1.2-2)
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Table 1.2-1 KIRIBATL: Import of 0il Products (Kilo-1lter)

0il Products 1983 1984 1985 1986 1987 -1988 1989 1990 1991
Jet fuel 1001 1017 702 1098 1555 1647
Motor spirit - 17i6 1954 1797 1511 1738 1883 2698
‘Aviation gasoline 586 550 443 - 413 234 402
Kerosene ‘644 669 660 557 888 T3 875
Distillate _ 4122 5526 5100 5114 5277 6548 5979
Lubricant 18 123 148 147 172 109

Total 8037 9839 8850 8840 9864 9204% 7200% 9100%11610
Imported value 2.52 3.09 3.24 2.24 2.67 2.96 3.20 3.69 3.63

(mil A$)

% Excluding Jet fuel and Aviation gasoline
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1.2.2 Electficity supply and demand

At present only the capitol, South Tarawa and Kiritimati, the
administrative center of for the Line and Phoenix groups have centralized power
_ distribution systems. All'other islands have small scattered populations living -
largely in a subsistence eccnomy'with some monet activity. None of theselielands
have any centralized power dlstribution system but small dlesel generators are
used in some council centers, maneaba and missions or secondary schools. These
are only operated for a few hOUIS each evening, and troubles with supply of fuel
can mean those generators are unable to Qperate. The existing Diesel generator
sets in South Tarawa are shown In Table 1.2-2. o

The peak'deeand of electricity in.South‘Tarawa'increases year‘by:yeer, it
records 1, 350kw in 1992 February. The yearly consumption of electricity reaches
6,026Mwh in 1989, the avereged'increase rate per year of 1983 to 1989 was 6.6
percent. (see Table 1.2-3)

The conpoeition of user in 1991 January was: residential 80 percent
commercial 10 percent industrial 9 percent ‘and in consumption residential 31.
percent, commercial 12 percent and industrial 51 percent. (see Table 1.2-4) The'
main-usein residential is for lighting. the daily demand curve is shown as Fig
1.2-3. The fee of electricity is: fer residential 32Ac/kwh, for commercial and
industrial 36Ac/kwh
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Table 1.2-2 Facilities_for generation In South Tarawa

naker & Model Rating Year of Operation H. Actual state
Nominal Actual Install. 1987 1989
English Electric 300kw  260kw 1968 57,119 57,367 Working
(4 SRK)
ibid 300 260 1968 Broken down
ibid 300 260 1968 45,050 46,250  Working
ibid 300 260 1968 15,912 -~ Broken down
ibid 750 600 1976 45,579 56,006 Working
(6RK3C) _
ibid 750 600 1976 46,265 57,851 Working
Wartsila F38 1,000 1,000 1988 - 9,900  Working
Table 1.2-3 Power Supply of PUB (South Tarawa)
Items 1983 1984 1985 1986 1987 1988 1989
Power geneérated (Mwh) 5,161 5,521 5,990 6,371 6,536 6,758 7,233
Power sold (Mwh) 4,103 4,333 4,554 5,056 5,342 5,759 6,026
Increse ratio (%) -~ 5.6 5.1 11.0 5.7 4.6
Loss (%) ' 20,5 21.5 24.0 20.6 18.3 14.6 16.7
Table 1.2-4 Composition:of User (Jauary 1991)
Class of Customer Nurhber of customer Consumptioh of Power
Number % Kwh %
Residentuial 1,937 79.5 166,954 30.9
Commercial 237 9.7 66,873 12.4
“Industrial . 216 8.9 272,833 50.6
Governmental ' 49 1.9 32,789 6.1
" .Total : 2,436 100.0 539,449  100.0
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1.2.3 Organizations Concerned to Energy

Ministry of Works and'Energy {MWE)
The organizational scheme of MWE is as follows:

MINISTER (Hon. Baitika Toum)
SECRETARY (Mr. Tinian Reiher)

~SENTOR ASSISTANT SECRETARY

- T ASSISTANT SECRETARY

- REGISTRY, ACCOUNT

~——ENERGY DIVISION (Mr. Rutete Toteba)

———PUBLIC WORKS DEPARTMENT (Hr. Pita Iateba)

L----KIRIBATL OIL COMPANY (Mr. Arintetaake Aran)

------ PUBLIC UTILITY BOARD (Mr. Rameka Takirua)

L--—-SOLAR ENERGY COMPANY {(Mr. Terbentau Akura)

Eherg’y diﬁsion.was once called as Energy Planning Unit and their objectives
are: '

To reduce'Kiribati reliancé'on imported fuels through the application and use
of alternative and renewsble energy sources, energy concervation and fuel
substitution

TQ formulate proporsals concerning energy policies.

TO-fofmuiate and coordinates all development and other energy programms.

To ensure a reliable supply and acceptable price of imported fuels.

To develop and,promote the use of alternative and renewable sources of energy.

To assist and monitor the activitles of the PUB, HOIL and SEC to ensure they

are promoting the efficient use of energy.

To act as an energy information center.
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Pubiib Utillty Board is l'esponéible for supplying of electricity water and
T Bewage to urban area that is South Tarawa, a pa:t of North Tarawa and a part of
Kiritimati island, '

Kiribati oil Company is lcsponsible for the storage and selling of ground
fuel for the Gilbert group and ground aviation fuel for the. Line and Phoenix
group, while B.P South West Pacific provides aviation fuel for the Gllbert group

only.

Solar Energy Company was established in 1984 with USA assistance for the
selling of solar systems and installation of government solar systems but 1t was
transformed as the 'utilit)'_ company that sﬁppl}i electricity through the
photovoltaic system to the customer, and their objectives are:

To promote and encourage the use of solar PV system in rural areas

To design and install Government PV Projects

Procurement and selling of PV equipment and: appliancies in Kiribati
Responsible for the management of Rural Solar Electrification Program.

The SEC's business ‘situation is shown in another chapter.

126



1.2.4 Recommendation for Energy Development and Rural Electrification

(1) Energy Development

'Devélbbing'eéohomlcally saticefactory Indigenious energy resources to
reduce imports of petroléuﬁ is of interest to Kirlbati. Three resources are
‘known to be available: Solar energy, Ocean energy and wind energy. Only solar
“energy has had any technical or economic success in the Pacific region. In view
of this, it is recommended that programs for the gathering of data on the wind
| and ocean energy resource be continued, but 1t is not recommended that the GOK
undertake any dev’eloﬁment of these resources until have been proven commercially
in the.Pacific island environment. The continuing'development of .solar energy
resources for the heating of water and:the production of electricity at the

domestic or small commercial level is appropriate.

With the_éStablishment of solar electrification programs, GOK should
consider environment problems, particularly the proper recycling or disporsal
of spent lead acid batteries.

(2) rural Electrification
. The extent of rural electrific&tion and technology to be used are issue to
“be addressed in Kifibati. Rural electrification is unlikely td be a driving
force for economic deVelopment and should be viewed primarily as an.important
in confort and conveniencwe to rural households. Since the application for rural
electricity in Kiribati is for home lighting and small appliance operation, the
least cost method for electrificatlon for most rural sites will be solar

photovoltaics for the foreseenable future.

Kiribati._ has recognized the éppropriateness of Pho'tovoltaics for rural
electiification, as shown by the establishment of the Kiribati Solar Energy
Compﬁny '(KSEC). in 19'84.. However, the initial deveiopment of rural
electrificatioh through the sale of photovoltaic systems to users on outer
islands has been a failure. Most of these'systems are not working and the users
do not have the skills necessary to properly install and maintain them. On the
basis of this'eXperience,_thé transform of KSEC from compornentsales to utility
format with systems owned by KSEC and a fee charged customers for electrical

service.
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2. Selection of Project site

2.1 Selection of village ‘

' There are 23 inhab1ted 1slands in lelbati and main items of each 1sland
are shown on Table 2.1-1. and only South Tarawa and a part of Christmas island
are electrlfled by commelclal electr101ty The rest of above, 21 islands,
about 150 village, aboul 8,000 households are unelectrlfled or only have their
own stand dlone diesel or PV as ‘their power source or dry cells for

radlo/cassette.

At thc'beginnihg of the JICA project, the Kiribsti government sﬁggesfed
Lhree 1slands as the candidates for installation of PV pilot plant, they were
'North Tarawa Nonouti and Marakei, then North Tarawa was decided as the Tsland
for JICA progect, The main reason was the conveniencp of transportatlon from

South Tarawa as the place for pilot prbject{

In North Talawa, there are 15 v1llages and total households is 550
populatlon 1s '3, 650 in 1991. The SEC_and the JICA study team selected six vil-
lages to 1nstall “the individual household PV system from 15 North Tarawa vil-
lages by con51dering the efflclency of malntenance that one fleld technician
will be able to take care of the system without car or motorbike. The six vil-

lages 1nstalled PV systems are shown in Table 2.1-2

Table 2.1-2 Six villages installed PV system

Name of Village - Number of HH Population Avcrage income (A$/HH) =
Taratai | 41 | 195 1,938
Notoue . ) 54 324 1,876
Abackoro 32 218 2,165
‘Marenannka = 0 60 1,760
Tabonibara ; . 43 300 - 3,215
Kainaba 21 150 2,033
Total 201 1,247 2,152

* from the survey in 1992
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2.2 Selection of Household to install PV systems

The selection of household which to be installed the PV system was done

by ﬁnder the'controi of the_Island_preSident and SEC. The owners of houséhold
| who expected to instail the PV system in their householdé were informed to
come to Maneaba of Abaokoro_with 50 A% as initial installing Tlee and listed as

~ the candidates.

_ The number of candidate was less than 55 that JICA provided as the num-
ber for studying the wtilization of PV system and added some official
households in Abaokoro to make up: 55 households. The number of household of

each villages is shown in Table 2.2-1

Table 2.241 Number df household to be instailed PV system in North Tarawa

Name of Village 'Waﬂted at July/92 Installed at Jan./93
Taratéi -5 2
Notoue 12 15
Abaokoro 20 25
Marenanuka 5 3
Tabonibara g ' 6
Kainaba | 9 4
| (Maneaba 1) {(Maneaba 1)
Total | 55 55
' (Maneaba 1) (Maneaba 1)
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Example of PV User's Contract

PV SOLAR SYSTEM UTILITY CONTRACT
ﬂimm_mmmwmm

This agreement was madp on 19
between the Solar Energy Company Limlted (SEC)Y and
for the installation use and maintenance of the

solar 11ght1ng system installed on e (oustomer)
house. ' o P
(Te boraraoi aei e karaoaki n te 19

imarenan te Solar Energy Cbmpany Limited (SEC) ao
ibukin kanimwan, kaboonganaan ao tararuaan bwain nako te solar
-ake a kanimwakil n ana auti__ . ' (te tia
kaboonganaal). .

In réturn for fees received, the Solar Energy Company agrees
to install the following items which remains the property of
the SEC:

(Boon te te mwane are ‘e reke iroun te kambana te SEC e
kukurei ni kanim bwaai alka oti inano are ana riki bwa ana
bwai te SFEC): : :

2 Solar PV Mcdules and a58001ated mounting components
(9 te Solar Panel ma bwaina nako)

1 Switch Board and7Réghlétof 
(1 tiwiti booti ac te rekureita).

1 Battery with_assooidtod box
(1 te baetere ma baokina)

A1l wiring to connect the above items.
fuaea ni hkabane ake a kanlmakl nakon bwaai akana oti i
'eta) : -

And the SEC agrees to 1nstall the following items whloh become
the property of the’ customer upori the: oomm1351oning of the
system and after Ppcelv1ng twelve: monthly fees:

(E kukurei naba te SFEC ni kanim bwaai aika otli inano ake ana
riki bwa oln ana bwa1 te tia kabonganaa te tiora imuiin ‘bwalkan
roona inanon tebwi ma uoua te namakalna)

1 PL11 fluoresoent llght and 358051ated sw1toh and oablo
(1 te taura ae te PLll mna tiwiitlna ‘ao uaeana)

2 PL7 fluoresoent 11ﬂht and associated sw1toh and cable
(2 te. taura ae te PL? ma tiwitina ao uaeana} :

i LED night light and’ assoc;ated sw1toh.and cable
(1 te taura ae te LED ma tiwiitina ‘ao uaeana)
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Upon commiseioning and PPPPipt of apppopriate fees,  the SEC
agrees to visit the customer s site once per month in order to
maintain the part of the system which is its property to
insure the avallablility of sufficient electrical energy to
provxde an average of four hours of fluorescent light and
eight houre of night 1ight use per day. _
(Man te tai are e kauraaki 1al te taura ao e karekeaki roon te
taura, te SEC e kukurei n tuoca ana taura te tia bwalbwai
teunana te ‘tal n tée namakaina n te are are e na teimatoa .
raciroin ana bwa te SEC n te aro are e na lal n taal nako te
iti-ae n tauraci n reke inanon te maan-ae aua te awa uran
taura aika talan PL7 ao te PLI11 ao waniua te aua ibukin
kamanenakin . te taura ae LE@)

The SEC further agrees to promptly repair faults in the part
of the system which is its property to insure that the syetem
is available for use as continuously as poseible.

(E kukurel naba te SEC karaoa te uruaki n te tai ae riai iaon
bwaaiake bonoin ana bwai bwa e na teimatoa nakoraoin te tiora
-ibUkin Jkraboonganaakina ni katoa bong).

- In order for thls agreement to remain in force, the customer
agrees: :
(ITbukin kateimatoaan mwakuzln te boraraocl aio, te tia bwaibwail
e kukurei ni):

To pay designeted fees promptly.
(kabwalkaa roon ana auti ni katea tai)

To allow. the SEC access to all all parts of the system at
any reasonable’ time as 1s neccesgary for proper repair
and maintenance.

(kariaia rokon te SEC bwa e na roko ni karaoa ana mwakurl
taon te tiora n te tai are e rilai n te aro are ana
‘teilmatoa tamarcan bwain te tiora).

To inform the SEC of any problems with the systems as

soon asg they arise.

(kaongoa te SEC taekan uruaki ni bwaln te tiora n te tai
are e reke naba lai). -

‘ To use the system ags per the written instruction provided
by the SEC. _ .
(kaboonganaa te tlora n arona are e koreakil iaon bokina).
Not .to make any changes or-to in anyway damage or tamper
with any. part of the system without written permission
from the SEC. This is includes adding or changing
~electrical appllances '
(N aki bitil ao n urui ke ni kual bwain nako te tiora ni
karokoa ae ¢ karekea te karialakakl man te SEC. F na akea
_bwail riki alka a na kanimaki ke n anaaki irarikin ke man
- bwaai ake ‘ot n te boraraoi)

Not.to_allow:additional,shade to.fall_upon the solar
ranel through vegetation growth or buillding construction.
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(N aki karlaia roﬁon te nuu iaon te tilora panel are e
reke man te aroka ke aekan kateltei riAi tabeua)

It this agreement is violated the customer understands that
the Solar Energy - Company has the right to disconnect or remove
its property from the customer "8 ‘premises.

(Uruan te boraraol alo, te tia bwalbwal e maataata: raol bwa e
inaomata te SEC ni katoka rokon te iti ke n anai ana bwai man
ana auti te tiabwajbwai) '

Thls contract remainsg valid for one year from the day of
commissioning which is : :
{(Te boraraoci alo e na teimatoa inanon teuana fe rirlki man te

tai are e karokoaki iai te 1tl n . e -
Sigﬁéd’by_ o - _ - o _ - _ .
(Tiaina) Customer: ' Solar Energy Company Ltd.
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3. Selection of Techﬁology and System

3.1 Power generation in Kiribati . . |

The domeétlc'energy resources avallable in Kiribati are only biomass and
renewable energies such as solar, wind, wave and ocean. THe”bibmass energy
collected in island is consumed as their cooking fuel and not enough to intro-
duce biomass fuel power generator, the wind is also not enough strong except_
Christmas Island and wave power, ocean thermal power generation technologles

are still under experimental state.

Otherwise the photovoltalc power generation technology has developed and
proved their_availability' in many countrles of world and South Pacific
Countries are blessed with rich sunshine therefore the PV is considered as

only one to compare the fossile energy base power generation method.

‘The most popular 91ectf1c generafion method in rural area that the
demanﬁ of electricity is small as a few Kw to a few Mw, 1s a dlezel or
' gaéoline éngine'genefafor'ahd generated electricity'is distributed by trans-
nission and distribution lines.

_According to above situation, the comparison in this study is based on

the photovoltalic electric generation systems.



3.2 Comparison of PV system and Diesel Generation system
(Based on the works 'Solar Energy Lessons from the South Pacific
Fxperience by A. Liebenthal, S.C. Mathur, H. Wade)

3.2.1 CalCUlation of life-cycle costs
Three different ‘cases, consisting of different 1epresentative appliance

comhinations, are considered in this analysis:

{i}Lights only; In this-case. it is assuded that the oniy applianCes that
a customer will use are three household 1ights, with an additional night
-.light included for solar PV systems |
For this case it is assumed that the diesel system will be operated for

only six hours a day, which precludes the use of night 1ight
This low level of demand for electricity is appropriate for the majority
of the rural households in the Pacific islands.

(Z)Lights and TV/VCR In this case, it is assumed that the customer has a
CTV/VCR: set in addition to the lights ‘ '
For this case, it is assumed that the diesel system will ‘be operated for
only six hours a day. .

About one-fifth of the households ina typical rural Pacific island vil-
lage would fit into this case. o :

(3)Lightsiand refrigerator} In this case, 1t is assumed that the customer
has a refrigerator in addition to the househoid:lights,
For this case, it is assumed”that the diesel system will be operated 24
hours a day, so that the customer is assumed to use a night 1ight also.
About 5% of the households in a typical‘rural Paciflc island village
would fit into this case.



Table 3.2-1 Characteristics of Customers Appliances:
Solar PV systems '
Item _ No. Usage ‘Load Life Cost
“({hour/day) {wh) (vear) (US$)

Light (11¥) 1 66 40
Light( 7¥) 2 56. 40
Night LT(0.25W) 1 12 3 5 12
Color TV(80W) i 2.5 200 7 300
VCR  (40W). 1 2.5 100 7 300

1 Py 720 10 1,200

220F Refrige.

Table 3.2-2 Ihitial Generation Equipment Costs per Customer
Solar PV systems: Lights only (125Wh/day)

Item C : No Unit cost . Total cost Life
' ' {US$) (uss) - {year)

PV panel (55W) 1 350 350 15
Battery(12v,100Ah) 1 135 135 4
Controller 1 120 120
Support 1 100 100 15
Install Hours 12 3 36

Total = o : 741

Table 3.2-3 Initial Generation Equipment Costs per Customer
Solar PV systems: Lights and TV/VCR (425Wh/day)

Itenm No Uﬁit cost Total cost Life

(US$) (US$) {year)
PV panel (47¥) 4 325 1,300 15
Battery(6V,160Ah) 4 120 480 6 (24Vsystem)
Controller 1 - 200 200 8
Ssupport 2 100 200 15
Install Hours 123 36
Total 2,216
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Table 3.2-4 Initlal Generation Equipment COstS'per'Customer -
Solar PV systems: Lights and Refrigerator {845Wh/day)

Item | No Unit cost Total cost Life
(US$) - (US$) (year)
PV panel (55W) 6 850 2,100 © 15
‘Battery(2V,435Ah) 12 150 1,800 6 (24Vsystem)
Controller - 1 200 200 8
Support -3 100 300 15
Install Hours 12 . 3 36

Total o 2 - 4,436
Table 3.2-5 Characteristics*of'Custdmers Appliances:
Diesel systems. : o
Ttem © - No Usage  Load Life Cost
(hour/day) (wh) (year) (US$)

_ FL Light(16W) 1 96 10 . 25
L Light(11W) 1 44 10 25
Light (40¥). 1 4 160 1.1
Night LT(1W) 1 2 -3 1 2
Color TV(110W) 1 200 200
VCR  (65W)° 1 5 100 300
Refrige. (180W) 1 24 2,600 10 900



Table 3.2-6 Generation Equipment Costs per Customer
Diesel systems: L

Item o Lights Lights & Lights &
' only TV/VCR Refrigerator
Per customer {peak) demand (W) 100 . 250 300
- Number of ‘customers 40 40 40
System demand{KW) R 4 - 10 12
- Loss/Reserve/Expand (%) - 150 150 150
" Total system size(K¥) . 10° 25 30
Initial capital cost per KW(US$) 8,000 2,750 2,500
Total capital cost (US$)w . 30,000 - 68,750 75,000
Initial C.C. per customer(US$) 750 1,719 1,875

Future C.C. per customer(US$)s» 189 432 472
¥ Générgtion,retiCulatiOn'and connection costs
»# Discounted present value of future overhaul costs planned in
every flive years

‘Table 3.2—7'0peratibh &iMaintehance Costs per Customer
Diesel systems:

Ttem - | -~ Lights Lights &  Lights &
only TV/VCR Refrigerator

Energy use per month'(KWh) B 10 25 - 90

Unit cost of generation (USg¢/KWh) 65 ' 60 55

Annual 0 & M cost (US$) _ 8 180 594

Total 0 & M cost (US$)# ' 593 1,369 4,518

» Discounted present value for 15.years at a discount rate of 10%



8.2.2 Result of calculation
The total costs are culculated as the dlscounted present value, at a

discount rate of 10%, of the cost components, measured in constant dollars, of
providing the end use scivice that consumers want for 15 years.

This' time horizen and discount rate are commonly used in planning the
supply of electricity.

The focus is on the total costs of ploviding the end-use service that
customers want rather than the cost of electriclity alone. This focus is par-
ticularly important in a comparison of the cost of solar B and diesel systems
_because of the differing cost structures and energy’ efficiencies of the ap-
pliances that customers use with solar systems (DC power) and diesel. systemsi
(AC power). In general, the DC appliances are . relatively energy -efficient but

cost more than compsrable AC appliances.

" Table 3:248:Compariscn of Total Life cycle costs per customer
Solar PV ‘system. vs. Diésel'system;.(USS)'

‘ - Lights Lights & = Lights .&
System’ only TV/VCR Refrigerator
SolarPV systenm | -1,386 4,015 7,818
Dlesel system 1,604 4,378 8,093

Table 3 2-9 life cycle costs per customer
Solar PV system: (US$)

Cost:element : Lights Lights & Lights & .
only TV/VCR - Refrigerator
Customer Appliance cost ' ¢ 265 1,208 - 1,784 '
Initial. costs S as2y o (182) o (1,322)
Future costs . . (133) (476) . (  452) =
Generation Equipment cost o 984' 2,870 5 897
Initial costs - (741) (2 216) (4,436)
Future costs O (243) (454) - (1,461)
Operation & Maintcnance'cost o187 ; 137 _ 187
| Based on monthly cost  (1.5) ©(1.5) {1.5)
Total cost _ 1,386 4,005 7,818



Table 8.2-10 Life cycle costs per customer
Diesel system: (US$)

Cost element R Lights - Lights & Lights &
only - TV/VCR Refrigerator
Customer Appllance cost : 72 858 1,228
initial.costs {51} (551) {953)
- .Future costs - (21) (307) - (275)
Generation Equipment cost " .. 939 ' 2,151 o 2,347
_ Tnitial costs (750) (1,719) ©  (1,875)
Future costs - (189) ( 432)- ( 472)
Operation & Maintenance cost = 593 . 1,389 4,518
Based 0n'génerat1on' ' ' _
- cost{/KWh) . (0.65) {0.60) (0.55)
Total cost - 1,604 4,378 8,093



3.2.3 Conclusion
Solar PV and diesel systems have been compared on the basis of life-

cycle costs for providing the final services that the customer desires:
household lighting, refrigeration, or video for a number of'years; The broad
components of life-cycle costs are: (1)initial and future replacement costs of
customer ¢nd-use apolianoes;(ii)initial'and future:reolacement costs of gener-
ation equipment;and (iii)operations and maintenance(08M)costs.

One critical design parameter is the reliability of the system because
the costs tend to increase sharply when the reliability of the. system is 1n—
creased to higher levels. another key.parameter—in¢the designaof a power
supply system is the number of honrs.forfwhich“electricity'will be -available.
A decision to supply dieSel_generated electricity on a.24.hour basis will
raise unit labor costs'signifleantly for diesel systems but not for PV system
:as'the& are inherently capable of 24 hour power deliVery;:Hence, the'power
supply system should be designed so that it strikes a balance between the
level of reliability that its: consumers wish and the level of costs that the

consumers can afford

In general, ‘gsolar PV has an advantage over diesel based power when:
(1)there is no existing power grid (ii)diesel fuel is costly and/or 1eliable
transportation for fuel is unavallabie or costly (iii)access to land for a
power house and distribution system is a problem,(iv)there is high peak load
for a short time;(v)the number of eustOmers.is likely'to increase over
time; (vi)noise or air pollution is a concern; and (vii)it is difficult to train

and retain in the rural areas technicians for diesel systems

However, solar PV is at a diSadvantagei over ‘diesel systems
when:(i)village demands for power are high: (ii)there is dense vegetation
aronnd homes or the level of cloudiness 1Is ‘high;: and(iii)the special ap-
pliances or oower conversion equipment necessary_to operate with the IC
electricity provided by PV systems are unavailable oritoo expensive;

Based on data and assumptions that appear apprOpriate-forithe Pacific
Islands, the life-cycle costs of solar PV systems are lower than those of
_diesel systems for ‘households in remote rural areas. The differénce in. OVerall'
costs is about 3-14%,with the higher savings applicable to households with low
energy;consumption, and lower savings applicable to households with higher

‘energy. consunption.



One of the key assumptions underlying this resdlt is that both solar PV
and diesel systems will be properly designed and installed and adequately
maintained. Another key asshmption is that the cost of electricity generated
by diesel systems, even with'broper maintenance, is high by the standards of
the Industrialized countries beééuse of the small scale of operations in the

rural -areas, high fuel costs and high transportation costs.

Table 3.2-11 Qualitétive comparison between Solar PV and Diesel systen

Initial capital costs, Low iniﬁial capital cost,

Machinery life,
Physical

characteristics

Operations

‘Fuel cost,
‘Availability and
Storage

Repair and
Maintenance

Parts

“short useful machinery

life'withéut proper

maintenance, moderate in

. bulk and weight

 Rap1d response to load

changes,q quick start-up

easy shutdown

Imported fuei.'high cost,

' avaliability good in urban

areas but often poor in
rural areas, easy to store
but storage expensive in

rursal areas

Techniclans expensive to
train and hard to retain,
high maintenance cost,
inefficient at light load

Large in number, readily
available

Moderate capital costs,
rapid installation
possible.'long PV panel
1ife but short battery
life without proper main
tenance, shade free area

needed

Immediate response to

load change

No fuel requirements
good availability sub-
Ject to weather, storage
battery required to ope-
rate system at times of
low sunshine and at night

Technicians not costly
to traln, moderate main-
tenance costs, operating
efficiency changes
l1ittle with load changes

Few in number, caslly

available



(Table 3.2-11 continued)
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Pollution

Prospects

Toxic fuel,noise, noxious
smoke and smell

Factors that make them
sultable are: exlsting
power grild, low on-site
fuel costs, high load
requirements over an
extended period per day

Low environmental impact
Battery recycling is
necessary

Factors that make them
suitable are: lack of
existing grid, high on-
site fuel costs, high
peak loads are only for
short period of time,
concern about alr or
noise pollution, load
growth due to additional
customers or increasing
individual demand over
time.

Desire for 24 hour power
low ioad levels

3 —10



3.8 Comparison of PV system and Grid Extension System

(Based on the works 'A brief comparison of Grid Extensions. Stand- Alone
Diesel Generators, and Photovoltaics for Rural Electrification by Chris
Cheatham PEDP)

3.3.1 Case study of Compnrative costs: electrification of North_Taraw& _

A recent study of the costs of electrification of North Tarawa In
Kiribati, between the villages of Rabeina and Buariki 1s provided by the Asion
Development Bank. In this study the costs of 'Gfid extension' and 'Stand-alone
Diesel' were compared The costs for PVs were ‘derived from a 1990 tender for
an EC-funded household PV electrification project.

~The cost comparison is .based on the overoll resource cost of each
slectrificatlon option, 1ncluding the initial cost of power generating and
' distribution equipment maintenance and fuel costs and household costs includ-
ing wiring and the purchase of electrical appliances.

The period of the comparison is 15 years(same as for 3.2;1), and 1t is
assumed that . all equlpment——power equipment household appliances, etc., Is
purchased at the start of the period and is replaced as necessary according to
the useful 1ife of each_item. The major assumptions underlying the comparison
‘are listed in Table 3.3-1.

3.3.2 The result of culcuration.

The culculation results of comparing the total present value for 15
years in each electrification method are shown in Table 3.3-2 and Fig, 3.3-1,
the grid extension cost is most -expensive through the eiectrifieation of 500
households {almost all households in North Tarawa).

The diesel generation and PV stand-alone cases are nearly equal at small
number of electrification household in finantial culculation and they are

- mainly varied by the cost of diesel generator and PV panels.
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Table 3.3-1 The assumptions underlying the cdmparison

e e 4 e e G e e mm A o o 18 Bk Kk i 7 A0S T i e o s mon m ot e 2t om 4 e o o e o 2cm i e B e s Lt e b et v o e o e o

Number of customer

Households - - 25 to 500 25 to 500 ' 25 to 500
Maneaba'_ : - 10 10 ' : 10 '
Maln system compornent ' ' :
G6rid extension ' 30kn
Plesel generator o Daily demand/s _
PV panel ' S ' ' G : - 2x household
' ' 10 x maneabﬁ ;
- Battery 1 x household
4 X maneaba
Controller 1 x household
. ‘2 X naneaba
Electric applianCes {Number and operating.houf)
Refrigerator (AC 400w} 10 o 10
 Refrigerator(DC 85w) - - - 0
Radio/Cassettcoder(i0w) - same as houscholds _ '
Ifaﬁ‘(lOOOW)_j f-_l/3=houééholds o -none R none
Furuorescent 1ight(20w) 2 x households + 5 x Maneaba
Video cassett (100w) 10 10 o 10

Unit investment costs(US$)
-Extension of grid 12,0008/kn

Connection cost 875%/system 8#5$/sy$tem

Diesel generator o -1'“2;5005/kw-" DR
Inhouse wiring 90%/system _'90$/SY§tem'- "_590$/s§stém” i
.PV panels S R '350$' '
Battery ‘ . _ . ST 3-i50$
Controller : R 1758
Refrigerafor(ﬁc 400w) ~ 950% : 5503 _ : e
Refrigerator(DC 85w) -~ S 1,875%
Radio/Cassettcoder (10w). 508 508 . 50$

Tron (1000w) 60§ : L

Furuorescent 1ight(20w) 58 s 'sg

Video cassett (100w) 2,5008 - 2,5008 © 2,5008



(Table 8.3-1 Continued)

Operatlion and Malntenance cost _
Fuel requirement 0.291/kwh 0.351/kwh

Fuel price . 0.438/1 0.43$/1

Transmission loss 15%

Distribution loss : 10% -

Maintenance cost 1% for initial 5% for initial 2% for initial
investment/year investment/year 1nvestment/year

: Life time of compornents and appllances (Years)

Extension of grid ' 20

Connection cost 20 20

Diesel genefator 15

Inhouse wiring 20 20 20

PV panels : o _ 15

Battery R 5

Contréliér ' ' 10

Refrigerator (AC 400w) 20 200

Reffigérétor(DC B5w) | 20

Radio/Cassettcoder (10w) 10 10 10

Irpn.(iQOOw): S 15 _

Furuorescent light(20w) 3 3 3
Video cassett (100w) . 10 10 10
Operating thrs of appliances per day '

Refrigerator{(AC 400w) 6 6

Refrigerator(DC  85w)
Radio/Cassettcoder (10w)
‘Iron (1000w)
Furiorescent 1ight (20w)
Video cassett. (100w)

L B e Oy
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Table 3.3-2 Total cost{Present value: discount rate as 10%) US$

‘Grid extn.

PV -

Diesel -

"Number of Household

25

157,248
196,703

160,727
204,645
292,480

- 462,908

495,340
560,204

689,932
819,660

949,388
1,079,116

50

275,540
438,215

100
-200
- 300

150

- 643,820

[}

- 468

590, 890

819,490
995,160

400
500

748,564

906, 239

Fig.3;3-1'Tota] cost of 1h years'

million

Present value Discount rate:10% USS
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3.4. Comparison of Stand-alone and Centrallzed PV system

3.4.1 Technical compariéon

Stand-alone

Centralizéd

Power diétribution

System size -
System components

Appliances

System efficiency .

Mobility of system

Intimacy'of system

Reliability
System 1obat10n

System safety

Field technician
~requirement

_ syétem expandability

Negligible

According to individual

‘needs

Simple, easlly

- maintained

High efficiency,
low voltage DC

Higher than the
centralized system

-Easily to move

Intimate, seems like -

personal property
Each user ndt'affeéted

by other systems

Easily located due to
small slze

Safer (low voltage
12 to 24 volts

Easily trained

Easily expanded

Important item

According to total
Village neceds

High voltage, more
complicated

Standard'AC appliances
may be used but with
lowered energy efficlency

Reduced due to distri-
bution loss and AC/DC
conversion and generally

lower efficiency appliances

Difficult to move
remoté and impersonal
Many users may be affec-

ted by any system
‘problems -

pifficult to find good

location near the
village for the large
systen

Hazardous (high voltage
130 to 240 volts)

Requires higher level of
training

Expensive to increase
size due to distribution
line and inverter capa-
city must be Increased



3.4.2 Economic couparison
(1) Comparison of systeus

Pv array
Charge/discharge
controller

Battery

Inverter

Distribution line

Panel board/meter
Appliances
Land for power plant -

Land for transmission.
line

Stand-alone

Small capacity for
each household

A small unit in each
hqusehold

Small capacity in
each household

~ Not necessary

. Low voltage, short

in length

ﬁot nécessary
pr vo}tége Db
Not necessary

Not necessary .
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_Centrélizéd_

Large capacity in one
location

‘High capacity in one
location

- Large capacity in one

location

- Necessary

High voltage, 1ong in
length :

Necessary

High voltage AC
‘Necessary

‘Necessary



(2) Example of both types

Stahd—alone type
- (per household)

Kiribati PV project
(55-households)

PV panels (18V 100W/1if)

Charge/discharge
controller

Battery(12V 100Ah/HH)

Charge/discharge
controller

Distribption line(12V)

| |
Appliancés(lzv De)
{1ights only)

3 =17

Centralized type
{total for village)

Thai'vlilage etectrification
project (60 households)

PV panels (240V 30Kw/village)

Switch board

Charge/ﬁischargé
controller(240V 20Kw/village)
.i '
| |
Batteryfzdov 1540Ah/village)

Charge/dlscharge
controller

Inverter{230V 20Kw 50Hz)

Panellboard

pistribution 1ine{230V)

Meter(Hpusehold)

i

Appliances(230V AC)

(lights,TV,fan,refrigerator,etc.)



(3) Cost estimation(per household)

Item .- Stand-alone ' Centralized
unit cost total cost unit cost total cost
PV panel 7 USS/ 700 USS/NH 7 US$/W 3500 US$/HH
¢/D controller 2 US$/% 200 . 1 US$/W 333’
Battery - 0.2 US$/Ah 240 0.2 US$/Ah 1232
Inverter ——— C - 1 US$/W 333
Distri. line 100 US$/HH 100 : 500 US$/HH 500
Panel board - == _ 50 US$/HH - - 50
Meter - ——— 50 US$/HH 50
Total 1,240 US$/HH 5,998 US$/HH
(4} Cost by PV capacity
Capaclty Stand'alche Centralized
100 W/HH '1 240, US$/HH : 1,680 US$/HH
200 2,380 2,760
300 . 3,520 3,840
- 500 5,800 - - 5,998
700 8,080 8,160
1000 11,500 - 11,400

3.4. 3 Conclusion

The stand-alone PV system is less costly than the centralized PV system
through the electric1ty consumption capacity of each households is almost
1,000watt like in the case of North Tarawa as the number of households is
around 50's.
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3.5 Conclusion

By Considering above comparisons, in the case of rural elect:ification
which the main object 1s for lighting, the stand-alone PV system is most
preferable in economic and technical (malntenance) point of view.

In the case of grid extenslon from Bouta to Nabeina in North Tarawa, 604
of rebidential household user's electricity consumption was less than
30kwh/month(<1kwh/day, 100--200w/hour). (see, Table §.5-1)

' This result shows even after electrification by grid extension, main

purpose of electriclty is for lighting.

Table 3.591'Consumption of electricity (Bouta-Nabeina Expansion)
64 Customers connected(48 residential, 15 commercial 1 industrial)

Reading (kwh/M) Commercial Residential
* Number % Number %
0-- 10 6 12.2 31 21.7
1i-- 20 8 16.3 32 22.4
21-- 30 1 .0 23 | 16.1
31-- 40 4 .2 8 6
41--.50 6 12.2 3
51-~-100 8 16.3 19 13.3
101--200 12 24.5 15 10.5
201--300 2 1 1
301--500 .0 2 4
B01-- 1 0 0.7
Avérage monthly consumption 97.8kwﬁ/m | 54, 3kwh/M

# Reading of December '92, January '93, March '93, May '93
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4.Detall Design and Determination of Spocification
4.1Meteorological Data Examination .
A survey and analysis of meteorological data has been made for the T years
from 1980 to 1986 on the island of Tarawa of the Republic of Kiribati.
The availability of meteorologioal data are shown in Table 4.1~1.

Table 4.1-1 Availability of Meteorological Data

Unit 1980 1981 1982 1983 1984 1985 1986 Remarka
Global
Solar langleys O O O O O O O
Radiation h
Temperature C O - O O O O -
Humidity % 0O - 0 O o O -

1 Langloys=1 calory/nﬁ=0.01163'KWh/nf
O : Observation Data exists
Quantity of Solar Radlation:
In the above ment1oned 7 years, the average quantity of daily solar radiation
was 5.69(KWh/m /day), which is about twice as high as Japanese conditions.
About 60% of the days had radiation 6 (KWh/ni/day).
(Fig. 4.1-1, Fig. 4.1-2)
Atmospheric Temperature:
The daytime range of temperature peaks sharply at 28 to 30°C.
(Fig. 4.1-3)
Humidity: -
During the daytime,the range of values of relative humidity also peaked 72 to
82%. |
(Fig. 4.1-4) _
Seasonal changes in Solar Radlatlon
T A graph of the changes in daily solar radiation for 1986 as shown in Fig.4.1-
5. Also the dlstrlbutlon of da1ly solar radiatlon is shown 1n Table 4.1-2.
”; The 1eve1 of Iadiation is nearly the same throughout the year, and there is
no marked seasonal change as there is in Japan
Daily: solar radiating quantity through 1980 to 1986 is shown in Tab1e4 2-3.
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Table 4.1-83 Daily Solar Radiating Quantity in Kiribati

(1980~ 19862

' 86

Avarage

" 80 "81 ' 82 83 ' 84 ' 85
J an. 6.57 | 5.17 | 6.45 | 5.57 5.64 | 5.41 5.27 5.58
Feb. | 6.09 | 5.44 | 5.86 | 5.91 | 5.61 [ 5.87 | 6.02 5.83
Mar. | 5.28 | 4.97 | 6.82°| 6.10 | 6.10 | 5.62 | 6.3 5. 88
Apr. | 5.18 | 5.01 | 5.39 | 6.03 | 576 | 5.73 | 5.89 5.56
May | 5.74 | 5.68 | 5.82 | 4.33 | 5.39 | 5.45 | 5.5 5. 42
June | 5.20°| s5.58 | 5.48.| 5.04 | 4.92 | 5.39 | 5.28 5.28
1 July | 5.69 | 6.21 | 4.35 | 4096 | 4.78 | 5.76 | 6.50 5.'46
Avg. | 5.35 | 6.83 ] 5.02°} 5.62-| 5.36 | 5.80 | 5.49 6.64
Sep. | 6.87°| 6:98 | 7.23 | 6.06 | 5.85 | 5.96 | 5.18 6. 30
| oct. | 656 6.73 | 5.57 | 6.02 | 5.84 | 5.89 | 6.31 6.12
Nov. | 6.16 | 846 | 5.88 | 5.72 | 5.52 | 5.65 | 4.51 5. 99
Dec. | 5.04 | 5.56 | 5.92 5.43 | 5.53 | 4.92 | 4.29 5. 24
Avarage| 5.73 | 6.06 | 5.82 5.57 | 5.53 | 5.62 | 5.55 5. 69




4.2 Des1gn of the PV System
4.2.1 De31gn coneepte
{1)Basic System Design _

Fundamentally, the design of a PV system must result in a balance between
"the generation - of elecfricity from the solar modules and the use of
electricity at the load. Additionally, f01 best results the battery should not
be dlscharged more than 504 of 1ts capaclty and 50% should be sufficient for
‘about three days of electri01ty use. _ '

A block diagram showing these.reletiOHShips is shown in Fig 4.2.1-1.

'Quantity of generated| charging[discharging | Using quantity
electric power of controller of of electric
solar module(¥h) = . |storage battery pover of load

B ' ‘ (¥h)
(1% a) . > (1 8)
v

storagejbattery 3(usiﬁg'corres?
(Yh) ponding amount)

storage battery 3(for taken long life)
(¥h) '

Fig 4.2.1-1 The System Block Diagram

The result is that the quantity'eleCtrieal energy used per day is neafly
equal the yearly average of generated electricity eéch day. In a practical
sense, there are days with higher and days wlth Jlower: than the average level

of solar ‘radiation{*a). _
Also the actual use of electric energy is not the same each day .as 1t s

determined by the tlme of Lu1n1ng_0n aﬂd off the_lamps(j:B). The . PV~ system.;

actually operates with an energy halanee'baSed on the'use‘cendifions end'the

solar radiation'eenditions._



During times when the storagé.battery is not fully charged and has surplus
capacity, additional electricity from the modules can be stored. If the bat-
tery is fully charged, then additional electrical energy from the module is
lost. _ '

A battery with a total=¢apacity twice_fhe'average use is chosen because of
the longer life fdr the battery that results. Additionally, ‘the solar radia-
tion as measured;in‘Kifibati was used to simulate the electric energy gener-
ation capabili%y of this system and the charge/discharge rate of the battery.

The.results Shdwéd very stable solar radiation quantity throughout the year
and additional baftery capacity was not consldered necessary. |

This state is shown in [ (6)Résult of Simulation].

(2)Requirements for Electric Light _

The survey quesfionnaire'shows that there is a demand for electric light in
North Tarawa(sée fSOcial Impact Survey, e:Item on operation control).
'Howéver, thefe'is no industry and little cash revenue so there'is a concern
that ﬁaying'the necessary fees for the operation and maintenance of the PV
system'mai be a'bufden, |

After exanining the issues with management of the SEC and considering the
desires of the people of North Tarawa, it was decided to install._PV
llghtlng equ1pment in 55 homes and one Maneaba(Communlty Building}.

To determine the proper level of illumination, an existing installation at
the guest house on North Tarawa was checked since it was satisfactorily il-
Tuminated accordlng to the local people.

The 1llum1nat10n at the guest ‘house ranged from 20~1001ux and a general
target for the d851gn was set at 100 lux.

(see the_Measurement Result of Irradiance)

_(B)SpeéifICatiohs for the Equipment and Materials
Speciflcatlons for Lhe solar modules, storage battery, ‘distribution board

and wiring materlalq need to’ take into consideration the difficult environmen-
.tal conditions such as ambient temperature and salt in the North Tarawa en~
v1r0nment

Spe01fically, equ1pment and w1r1ng needs to be tlghtly sealed or coated.
_ Where steel is used, it needs to be hot dip plated with zinc and brass or

_stainléss stéel'used-where practical. Specification for the plating of steel

" is shown in Table 4.2.1-1.



Table 4.2.1-1 SPECIFICATION FOR PLATING OF STEEL USED FOR THE SOLAR MODULE
MOUNTINGRACK
SPECIFCATION FOR PLATING OF STEEL USED FOR THE SOLAR MODULE MOUNTINGRACK
where corrosion of steel materials is likely due to the presence of salt,
a zinc plating type and thickness shown to be adequate in the long term for
steel used for electrical distribution equipment placed in salty environme-
nts in Japan.

1.Steel Plating Specification
JIS 63302 {steel plate or steel band plated with fused zinc) SGC 4000 or

SCH 4000 shall be used. Plating shall be Z45 and shall not be peeled by

hapmer-test.

2.Plating test
The test shall be made using the method stipulated in JIS H 0401 (fused

zinc plating test method)Rank SGC400.
Hammer test (peeling of plating)



(4)Opcrat10n Control, etc. _
The Klrlbati PV system shall be operated as shown below Users will bhe edu-
cated ‘in the-proper use of the systems and proper maintenance and performance
checks will be made regularly
Operating control requirements is shown in Table 4.2.1- 2
Table 4.2.1-2 Operatlng;COntrol Requirements

Item Requirements

Control by While consideration the charge/discharge
“the terminal : .charac@eristics 0f the battery, -the upper
voltage of limit deQO%'of-chahge will be the terminal
the storage. voltage limit,'When fhe daytime charging of the
battery o batterywreaches'thé V01tage equivalent of 90% of

full charge as measured by the terminal voltage.
The charging current shall be stopped. For
discharge éonditions at night, if the terminal
voltage faIIS'tO'a'levcl equivalent to 50% of
charge, the load shall be disconnected and
discharge stopped.
User education Users will be instructed to conserve the elect-
in system use ricity by . turning off lamps when not actually
needed. (Generally, 1bca1 people expect to use
the lamps for 4~6 hours a day though longer use
nay be made on special days such as holidays
and festival days. Such special days are expected
to number abbut ZQ'per year.)
‘Battery A uniform equalizing overcharge shall be made to
Equalization the battery aboutzonce_a month.
Usfng a current less than 10(A), the battery shall
be charged about lZO%(oﬁe day in fine weather).



The above reguigments are based on the intent of Kkeeping the PV system in
stable operation and maximizing the life of the battery all which depend on
the balancce between the capacity of the solar modules, the capacity of
storage battery and the load.

To keep this balance, users shall not use lights during the day and shall be
restricted from adding additional applisnces to the PV system.

The users of North Tarawa must understand the above point and cooperation
was requested in order to extend the service life of the PV system.

Initially, it was planned to include a load timer to prevent light use
during the day. The idea was dropped, however, because no product was avail-
able which could reliably work in the humidity and salt environment even
though both the watch-type and photo-cell type are used in other places.

Without the fimer, electricity can be used even in the daytime. To see the
effect, a simulation was made on the use of the system and the influences of
time of load was checked. The result indicates that a partial load can be
operated about 12 hours but if usage extends beyond 12 hours, the system will
have insufficient capacity.

it is therefore important to emphasize to the users that lights must not be

left on when not needed.

4-10



(5 )Contlol voltage

The basic concept of controller voltages for the chaxglng/dlqcharging

of

the storage battery is shown in Table 4;2.1_3.

Table 4.2.3-3 Control Voltage of Battery

Cutout voltage:

This is the voltage set to prevent
overchafge but must be set high
enough to prevent shortened battery
life in the due to long periods at
less than a fully charge.

Reset voltage:

This voltage is the level of voltage
for refestabllshing theIChafging cu-
rrent. It must be low enough so that
the charging is not ‘turned back on
until some dlscharge has occurred

or after a relatively long time in a
static condltlon as 1ndlcated by the
rate of voltage drop in the battery

after charging ceases.

Cutout=Voltage: .
This is the voltage which ls used to
prévent the over dlscharge of the bat-
tery. |

“In partlcular this must take into con51
deration the slow dlscharge rate in the
PY system and the adverse effect cn the
battery if a high enough cutout voltage

is not used.

Reset voltage

This voltage is the level of voltage
for reconnecting the load to the bat-
tery. It should be sufficiently high
that the load is not reconnected unless
gsome change has been placed in the bat-
tery asindicated by the characteristics
of the battery voltage changed with

charge.

Using the charge and discharge characteristlcs of the battery to be used and
the characteristics of the solar module, the control voltages were selected as
‘shown in Table 4.2.1-4.

4 —11



Table.&.2.1~4 Voltage settings of the Charge-discharge Controller

()For”hbuseg.with vénfed type batteries (Unit:V)l

""""" Gharge control  Discharge control
Charge cutout 156 (2.6)  Discharge cutout 114 (1:9)
hargo resst  12.6 (2.1) . Discharge reset  12.6 (2.1)
@For test houses_ﬁith.sealed batteries {Unit:V)

“““““ hargo contrel  Dlscharge contral
hacge cutouts. 144 Discharso cutout 10,5
haree reser - bischargs roset -
@For MANEABA - '_(Uniti‘.r)

"""" Ghargo controt  Discharse control
Chargo reset 812 (2.6)  Dischorge reser 2.8 (1.9)
Charge reset 25,2 (1) Dlscharge reset  %5.2 (2.1)

4—12



(b)Caloulation of the Solar Module Voltage
MAssumed condition _ -
+Solar Capacity: 100(Wp) at a nominal 12(V) DC
-Brocking diode ':,uséd _
-+«Cable used : VV?;Z.Gmm ¢ X 2 oonductors
oAssumed cébie length: 20(m)
oWire resisfénoe:-3.35(9/hﬂ
-Final battery terminal voltage: 15(V)

~Charging current S 1 8.33(4A)
-Module temperature }o-_ : 25°C(standard), 60°C{operating)
-Voltage drop for 1norea51ng tempe1atu1e s = 0.4(%/°C)

-Voltage drop in Brocklng diode : 6% of system voltoge of 12V
Concept diagram is shown in Fig 4.2.1-2.

Solar Brocking - Cable Battery

Module o Diode B - |Resistance

Fig;34.2.1¥2 Concept Diagram of Charging Circuit

()Results of the Calculatlon
U51ng the above assumptlons the result of the calculation is shown in

Table 4.2.1-5.
The voltage at the solar module must therefore be 19 6{V} for the battery

voltage to be 15(V).

Table 4.2.1-5 calculation Result

Battery Voltage 15CV)

-Voltage .
Drop for Resistancefl.2(V)=0.134Q%8.33(4)

. Voltage : T
Drop for Diode Q.?Z(V)ZIZ(V)*O.UG

Voltage © .. . - ‘ SEERCEA :
e Dfop-foy'Temperatufe (15.041.240.72)/(C1-0. 14)

|operating Volt "18.6(V)
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(6)Simulation result .

Using the measured solar radiation in Kiribati for the perlod 1980 - 1988,
a system simulation was made for three load cases. The results are shown in
Table 4.2.1-6 and 4.2.1-7(See the load-balance 31mulat10n)

Case 1 assumes lights used at nlght for 6 hours for the 11V llght anﬁ 12
hours for both 7W llghts In case 2, all lights were assumed to be left on for
the 12 night hours. In case 1, there is very little likelihood of a loss of
power. _ ' '

In Case2, fTor :about 30 days a year the avallable hours are less than 12
.hours per day. CaseS, assumes the 11ghts are all left on continuously The
systen cannot provide enough power for this case. It 1s therefore important to
" enforce the rule of not using any light in the daytlme.

Table 4.2.1-6 Result of Simulation.

Massive Average . o .
Case _ . Less Daylight
paylight | Dayliéht
Case 1 | - 0O
Partially, | ' No lighting in 2~3 day
.1‘_igh‘_ting off . . o ‘ ' _'pef'&ear, about 3 hours
earlier. ‘per day _
11W- Bhx1 See the table below:
TW-12h#2
Case 2 : : : - : S | O _
Whole night ' No lighting for about 5
ligh’_ting:. © h’ours. yearly several
11W-12h#1 - tens days, '
TW-12h*2 See the table below.
Case 3 o | A o X
thlé day No 1ighting No lightisg It is impossible to -
1lighting for about 4hrs- 'for,about-lo fiight all load, everyday,
11¥-24h*1 daily per year '_hfs,-daily;' throughout'the.yEar.*
TW-24h#2 B * per year. B o
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- Table 4.2.1-7 Days in each simulatidn year
peried of lamp illumination,

Case 1 T 1 3 4 0
Case 2 41 27 41 35 24
Case 3

' 24hours a day.

415

with inadequate power for the full

1985 1986
0 9days
15 64

It is impbssible to make lighting of all loads for



Result of Illumination Measurement

Meaéufement Date : 15.mar~ 18.mar. 1992
1.INlumination of Hotel

(i)Room

{ 15. Mar. 1992

day 15:45 cloudy
19:00

: -k Bed
FLlsw.‘§

H=0. 5M

4.5m -

Tabfé _
700LX Desk
2Q

WL6OW

H=g.3m

(2)Front

1 ceiling

1 3 Wattage of light
T is unknown. 20W?

“Tcounter
1AM

15. Mar. 1992 -

day 15:50 cloudy
£ 19:10
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(3)Réstaurant

14.

4m

400 300
) )

210 200
{20} 109

120

{40 9)

vy | | caooy

/*130 ;1 _%Im

oy | B0-

counter
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15. Mar. 1992

day 1656:186 cloudy
¥ 19:30

Lighting direction
i irregutar.

(R
71 /l\

2.5m

Only about 4

: will light.
0.8m

G-L

19. Mar, 1892

day . 15:20 cloudy

{nieht)”




2.11lumination of Haneaba
{1)Tabonibara. 2lpeoples

N
23m
' Cloudy (Clouds are
o high in. the sk_y.)
_ O . O 17.Mar.1992
. 14 :3%8
300LX 220
about .///’// '
Zm -
J‘/ O 13m
. 140LX /?/f——__m_\\\\
O - Q 3
N 590 820 " 1im
' ¥
O - G.L
3000LX orimore
(2)Marenanuka 2lpeoples
N Cloudy (Cleuds are
1om high in the sky.)
' 17.Mar.1882
O O 14:35
400 LX. 400
O 5m
200
700 1250 R
{.2m
O . -
3000LX or more C 6L
{(3}Abaokoro 19peoples
23m : o o
about . 18.Mar.1992 Fine
9:30
5m
_13:1;
LB
_ s
‘diese 2.2KV 6.l
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3.Guest House (Abaokore)

15m
colllinag
R S T
3.5m l '
’ 2.5m
| G.L
Em
table
o —— ] 4 0 W
[ 3.2m |

C
i
C}_

K40w  O.
1.9m .
wWioow
100LX
0.8m ) &table
#. .
G.L
4. 3. 22

{Tool of measuremenf)
-HIOKI Lux Hi Tester 3421
HIOK 1980 NO.I10125 JAPAN
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4.2.2 Design as Executed _ :
(1)Determination'of lamp ‘size and quantity _
The result of survey asking about the needs for the electric lighting on
North Tarawa was that most peopie‘éfpreséed a desire to have elecfric light. -
However, wheh_asked about details of wattage of the laﬁps'or there.speéifib
location, most people could not reply definitively. It was then decided to
base the size and number of lamps'on'discussiéanith the local counterpart.
This_situation is not surpriéing since the‘people'have_ﬁo.prior knowledge of
the use of electric lamps and find it hard to imagine. After the installation
is.éomplete and some time passes, they will be able to give'defaiied_requests
for the selection and placemeht of the lamps. The lémps selected for the
houses and the Maneaba is shown in Table 4.2.2-1 and Table 4.2.2-2.
(a)Lamps to be installed _ ,
Table 4.2.2-1 Lamp for Houses (12V system)

Location Number and size of 1amp
Living room 11Wx1, 1Wx1

Sleeping room TR

Dining room . THX 1

(b)Room Arrangement of a Typical House _ _
Room Arrangement of a Typical House is shown in Fig 4.2.2-1.

LR R e e LT T ]

: Living Sleeping-
: Room. : Room

: Pining
; 1 " Room

Fig 4.2.2-1 Room Arrangement of a Typical House
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(2)Composition of The System
The system composition of general house and maneaba is shown in Fig 4.2.2-

(a)General House

Solar Controller l.oad
Module |(charge 118 % 1
120C¥) . /dischrage) THx 2
— 1¥ =1
Battery
12Y-1004h
- (b)Maneaba
: Solér - ' . Controller — ~ Maneaba
Module | (charge B _ penen s oo :
360(¥) /dischrage) ; ' E
+ Load §
§ 20¥ x 2 §
Battgry § i
24V-1004h § §
' E Load é
f 20¥ % 2 i
Solar ‘- Controller ORISR S E
Hodule (charge
360(¥) ~ /dischrage)
Béftefy -
24V-100Ah

'Fig 4.2.2-2 The System_cbmposition of General House and Maneaba



{3)Control Voltage of Controller _
Control voltage of controller is shown in Table 4,.2.2-3~4.2.2-5.

Table 4.2.2-3 Controller for General House

{Unit:v)

Protection of Protection of
Over-charge  over-discharge
Charge cutout 15.6 Discharge cutout 11.4

Table 4.2.2-4 Controllér'for'evalhating the General House

(Uriit:V)

Protection of Pfotecﬁibnzqf
0ver¥charge_ Ovér»discharge
Charge cutout 14.1 Discharge cutout 10.75
Charge reset - Disqhafge reset -

Table 4.2.2-5 Controller for Maneaba _
o (Unit:v)
Protection of _ Protection of
Over-charge : -Over-discharge
Cﬁargé cutout 31.2 Diécharge cutout 22.8
Charge_fesét. 25.2 ‘Discharge resef 25.2
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(4)Diagram of Solar system Wiring

The system wiring for general:house and maneaba is shown in Fig 4.2.2-3

and Fig 4.2.2-4.
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| Fig 4.2.2-4 The Image for Maneaba



{5)Comparison of Module Mounting Method
Pole mountlng -of all modules, as dlagrammed below, has been decided for the

houses in Klrlbatl
Firstly, the diagrams of the pole-mounting type and roof-setting type are

shown in Fig 4.2.2-5 and Fig 4.2.2-6.
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(a)Living Environment'ih Kiribati and Customs Relating to Hduéing.
Initially.'both roof and pole mounted'modules Wefefconsidéred"for'the final
design and durlng the 31te surveys determlned whlch type of mount was most ap—f

-proprldte for the 51te . . _ T
After- talking with residents “and other Klrlbatl people, ‘we  found th¢

following:
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1)Houses are generally built in.the shade of coconut or breadfruit trees.
While blue sky can be seen'through the trees, there may be no direct sun-
shine during the day. In particular, the shade from breadfruit trees is
very dense. '

2)Houses are made simply'and often moved. Also, the roof materials are woven
leaves which last for up to about 5 years after which houses are often
remodeled
Even at the time of the site survey, persons stated that they intended to

~ replace the roof or to move the house shortly and in fact this proved_to

be the case as found in later visits.

(b)Comparison of Settiné Methods _

In view of the above conditiohs of shade and the need to'relativeiy
frequently renew the roof of houses, it was de01ded not to install any systems
on the roof of the houses though the 1n1t1al 1nvestment will be higher for
pole ‘mountings.

In-particuiar, if roof mounts are chosen, they may be many problems in
detefmining who-wiil move the modules, who will pay for moving the modules aﬁd
who will pay for insuring that movement is properly done. With the limited
resources available to the country, this cost may be very significant.

The result ef.comperison is shown in Table 4.2.2-6 and Table 4.2.2- 7.~

Table 4.2.2—_5 Comparison of Setting Methods

Economie:Efficiency' A  Expensive {0 Inexpensive
of Construction '

Aquision of Energy (O Placefree-Much A Placefix-Few

Ditsisuttyof Construction . s o
Result of Comstruction o . N
atntonance O saprotrss - . Adittientt
e s . a



Table 4.2.2- Compérison of Construction Cost
(Unit:¥(Yen))

Item Unit Unit Pole Mounting  Roof Setting
Price Tyﬁe' Type

Pole ea 102,000 1 102,000 -
PV Module set 10,000 —- - 2 20,000
Fitting '
1.-Support ea 1,350 1 1,350 -~
(Underground)
Cable m 110 20 2,200 10 1,100
Protect  ea 200 5 400 -
Tube
Underground. ea . 240 10 2,400  --
Protectsheet '
Consumable . oea ‘ 500 : 1 500 _ =
Materials _ . ' o _
(tape,saddle etc.) _ o - 2 1,000
Cost of - 2,000 2 4,000 2 4,000
Constructieon A
Total 112,850 26,100



(B)Equipmént and Materials .

Using the results of the site survey carried out in June 1992, the quantity
of materials and equipmeﬂt necessary were calculated after designing the
wiring for each house.
~ The materials and equipment are divided into those locally procured and
those procured'from Japan,

(a)Provided Materials _ o

" Required equipment and materials quantity of a share between internal and
local prqcurement at the 9xecutiﬂn.of the detail design'is shown in Table
4.2.2-§ and Table 4.2.2-9.

Table 4.2.2-% Reguired Quantity of Equipment and Materials

as Internal Procurement

_ Monocrystal type
Splar Module 63.0[W] pes. 80

Polycrystal type

Solar Module 58.7 (W) pes. 50
Pole mount (L=5[m]) Mount for two

for General House pieces of_module " pes.. 55
Dead-end Pole L=5.0[m] pcs 6
‘Above-ground mdunt Mount for 4 pleces

for Maneaba of module : set 3
Controller _

for Maneaba DC24[V],300{W] set 3
Controller _

for General House pC12(Vv],100[W] set 57



Vent type,DCIL2[V]

Storage battery - 110[Ah]{0.01C) pes. 63
Above-mentioned box With a lock pCS 59
Measuring equipment DC12{V],100[W]

for system evaluation (Include battery) set = 2
Above-mentioned

monitor ' set 1

Non?f&ge-ﬁréaker
(For Maneaba) DC24(V],20{A] pes. 2

Non fuse breaker

{For General House) DC12[V],10[A] _ pcs. 58
Main switch - DC30[AY

(For Maneaba) Double-cut type pes. 4
Main switch "DC30{A]

(For General House) Double-cut type - pes. 174
Cable VVF 2.6mm X 2C m 1,500
Cable VVF 1.6mm X 2C m 3,400
Cable VVF 1.6mm X 3C m 600

| Miscellancous materials _
and consumable goods - set 1



Table 4.2.2-9 Required Quantity of Equipment and Materials

as Local Procurement

Fluorescent lamp

(For Maneaba) : DC24[V],20{W) pCs. 5
Flugrescent lamp .

(For General:HOUSe)' DCI2[V],11[W] pes. 58
Fluorescent lamp

(For Genéral House) DC12{V], TIW] pes. 114

Lighting Facility

(For General House) DCi2[V), 1{W] pcs. 58
Lighting switch DC24[V]
(For Maneaba} 3way switch pcs. 5
Lighting switch DCL2[V]
{(For General House} ' 3way switch " pes. 116
Lighting switch pe24{v]
(For Maneaba) Single-cut type pcs. 3
Lighting switch - DC12{V]

{For General House) Single-cut type pcs. 114

(b)Utilized Materials

Quantity of the prinéiﬁal equipment and materials which had been consumed
by the PV system. construction from January.to February 1993 is shown in Table
4.2.2-1 and Table 4.2.2-1". -



Table 4.2.2-1¢ Utilized Quantity of Equipment and Materials
as Internal Procurement

Polycrystal type

Solar Module ; 58.7(W]  pes. .46
Pole mount (L=5[m}) Mount for two

(For Geperal'House) pieces of module pes. 55
Above-ground mount - Mount. for four

{(For Manéaba) pieces of module set 3
Controller .

(For Maneaba) DC24[V],300[W] set 2

Controller for . ,
(For General House) DC12[V],100(W] Cset . .55

Vent type,DC12{V]

Storage battery 110(Ah] (0.01C) pes. - . ST
Above-mentioned qu _ With a'lobk - pcs 59
Measuring equipment - DClZ[V],lQO[W]_'

for system evaluation (Includé_battery) - set 2
Above-mentioned _

monjtor - : S S set DR T

Non fuse breaker _ _ :
(For Maneaba) DC24[V],20[A) - ~pes. = 2 .



Non fuse breaker

(For General House)  DC121V],10[A] pcs. 56
Main switch © DC30[A]
(For Maneaba) - Double-cut type pcs. 4
Main switch DC30[A]

- {For General House) Double~cut type pcs. 166
Cable VVF. 2.6mm X 2C m 1,100
Cable VVF 1.6mm X 2C m 2,400
Cable VVF 1.6mm X 3C m 500

Miscellaneotis materials

and consumable goods set 1

Table 4.2.2-1 Utilized Quantity of Equipment and Materials

as -local Procurement

Fluarescent lamp

(For Maneaba) - DC24[V],20[W} pCS . 5
Fluorescent lamp .

(For General House) DC12{V],11[W] pes. 58
Fluorescent lamp : _ _

(For General House) pcizfv], 7(w) - ~ pcs, 114
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Lighting facility

(For General House) DC12[V], 1[W) pes. 58
Liehting switch _ DC24 (V]

(For Maneaba) o 3 way switch pes. 5"
Lighting switch DC12[V]

(For General House) © 8 way switch pes. 116
Lighting switch: D024[V]

(For Maneaba) single-cut type pes. 3
Lighting switch DClZ[V] ,
- (For General House) singlé-cut type - - pes. 114

(c)Spare Parts

The type énd quantity of equipment and.materials to remain with the SEC as
A

their initial spare parts stock is shown in Table 4.2.2-

NV :

Table 4.2.2-. Spare Parts Quantity as Internal Procurement

Item _ Specification Unit Quantity'

‘ Monocrystal :type

Solar Module 63;0[W} pcs 4

D _ Polycrystal type ,
Solar Module - T 58.7[W] pes. 4
Dead-end bOle L=5.0[m] pcs 6
Controller - : o | .
(For Maneaba) ¢+ DC24[V],300{W] : = sét . 1

e e e ot e o e b o o o e e e



Controller
(For General House)

Non fuse breaker
(For General House)

Main switch

{For General House)

Miscellaneous materials

Vent type,bClZ[V]

110[Ah] (0.01C) pes. 6
DCL2[V],10{A] pes 2
pC3olAl
Double-cut type . pes. 8
VVF 2.6mm X 2C m 400
VVF 1.6mm X 2C m 1,000
VVF 1.6mm X 3C m 100
and consumable goods set 1

(d)Considerations in Equipment and Material Source Selection
The actual materials used in the project were selected taking the follow-

ing points into consideration:
1}The principal equipment are

of Japanese origin which have had field ex-

‘perience and are high:in performance. This includes the solar module, battery,

and most other prfnCipal components. .
It is stfeSsed that the equipment selected must have demonstrated through

 field experience their satisfactory characteristics. However, if the same

products are'purchaséd to replace units which fail in the future, there are

coricerns that the cost will be greater than similar products available

1ocally.

Therefore, it is assumed that replacement components from other sources

“may be used and it is necessary to assess those presently available.
'2)Because 'of the nearness to the sea, heavy duty corrosion resistant

- materials héd to'be used.
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The selection of proper materials was considered important. The PV system
which was installed by SEC at'the guest hotse two years eaflier has
considerable rust and a higher quality of corrosion is considered
necessary. . _ .

On the other hand, excessively;heavy materials, particular for the nole
mount will cause problems with transportation due to their weight and the
lack of heavy machinery for thelr transport and installation.

Therefore, the materials must bé chosen with care to meet both the
resistanoe to corrosion and remaln acceptably light in weight.

3)Where possible, general materials should be purchased locally to ease
future problems of maintenance and spare parts management

When locally avallable materials are used the local workers are familiar
with them and is accustomed to handling these materlals ThlS prevents
'problem of materlal shortages and allows the proJect to progress smoothly

However it 1s noted that many locally available mater1als have not been
produced w1th adequate quallty control for example many of the new
fluorescent ‘1ight dld not work right out of the box, it is important that
the components be checked for proper operation before installation.
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4.3 Selection of The Components and Materials to be installed
For the longest life of this solar power generation system, it is impor-
tant to carefully select the components. -
The following items have .been selected.based on past test results and the
state of development of the components
{l)General Items _ :
Selection of the materials and components used based on the above mentioned
'de81gn concept has heen made by cons1der1ng the follow1ng :
l)The d951gn shall be as 31mple as p0381b1e
' Z)Locally avallable materlals shall be preferentlally used.
3)A11 materials shall be protected against damage by salt{for instance, mold,
plating, etc.). o
4)The systems should be easy to assemble and install.
S)Lightnmngwarresting measures shall not be taken.
The reason is shown in Table 4.3-1.

Table 4.3-1 Reasons for.LiéhtningFarrestinglMeasures not being taken
Reasons why lightning-arresting measures'ere not taken in Kiribati:
As a result of hEafing the opinions of Mr. Wade, ¢ he'staff of SEC and the
local government, it was decided not to take any lightning-arresting
' measures for this system for the follow1ng reasons
-Local lightning occurs:only about once in several years, and even if it is
occurs, its scale is very small. o | |
-Tnis system includes 12V and 24V eirCUits,'thus, the effect of conventional
lightning arresting measures cannot . be expected to be satisfactory.
-The deterloratlon ‘of lightning arrestlng components due to high temperature
| and humid1ty may ‘cause. the occurrence of troubles
-According to.the‘Thunderstorm Days per_Yeer in the world, Kiribati shows
10~#20deys;'and mecroscOpically,the nunber is low compared to that of most
‘other areas of the world. _
(The Thunderstorm Days per Year-is shown in Fig 4.3-1.)
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(2)Detailed Sélecting'Reasons _ _
Detailed selecting reasons of composink devices and materials are as fol-
lows. o
Composing devices Selecting-reasons/results
and Materials | '
1. Solar module ' It was decided to purchase the solar medule from
| _domestic makers. Ten companies deliﬁered their
Kyocera system to Saijo Solér Power Generation Plant.
The unit were to be made in Japan having the
Shoseki = | _ foilowihg specifications.
1)Comp1aints'from'useré shall be small due to the
construction, operation and performance of the
~unit. ‘ _
21At present(1993), Quality control is consistent
- and at-least.pne-year of manufacture has been
completed without prbduct change.
3)Tests shall be passed for output and dielectric
strength.
4)The generating voltage shall be matched to the
. characteristics of battery volfage changes.
See attached sheet 4.3-1
See attached sheet  4.3-2
2.Controller. The Controller has been selected from 4 makers
selling it in and out of Japan by considering the
fdllowing items.
'Méde in Germany 1}Basic'specification on the control voltage
{purchased in Japan) _ shall be observed.
_ 2)Kiribati is a coral reef island and is
Siemén$ L : surroundéd by sea. It rises 1~2m above the sea
and is affected by abnormally high humidity
"and salt. In considering the controllers it was
decided to adopt the product meeting the follo-
wing specification, ' | '



.Main contact points are provided with gold
plating. '
‘Wiring on the board is coated.
‘Products are already available in the market
and are applicable :for the above mentioned
control voltage:settings.
See attached sheet 4.3-3
See ‘attached :sheet 4.3-4
3.Storage battery ' The storage battery was selected from 4 makers in
and out of Japan by considering the following

Made in Japan items. o o

o 1)Adéption shall be made of the vented type cell
Furukawa as has shown favorable ‘results in the NEDO
Battery Inc. : : :project'study. '

')The'battery ehall be warranted for 5 years
of PV system operation. ' '
3)The battery must have been: successfully used
_ for PV type application in other projects.
 4)Two sets for evaluation shall be of the mainte-
nance free type and not require the-eddition of
water. _ : :
Matching is made between the VoltEge of the solar
module and changes of the state_of:tefminal'volt—
age with chenge'of'tembefature and disohargelor
'charge of the stolage battery and also matching is
made for the. voltage control of the controller
5Storage battery shall have a Cdpabillty of :100Ah,
and is to be ‘operated w1th a discharglng depth
about 1.00~50%. : ‘
‘See attached Sheet -4;3?5
4.Pole o "‘The pole is' made of steel coated w1th a fused zinc
- ' plat1ng to prevent salt damage _ .
Made in Japan _ Other materials’ mdde of ‘steel w1ll be coated w1th
Kyooera C fused zinc in the speclflcatlon 745,
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5.Electric Wiring : Electrie wirving was adopted in consideration of
Related items : the measures needed to prevent salt-damage by

‘specifying the following: :

1)Wire core is made of solid wire to prevent salt
water intrusion. _

-2)8V was adopted as the wiring classification to
fit the air-tight round hole for the SW board,
controller, and VVF was adopted for others.

3)The wire thickness'wés selected‘to keep voltage
drops at as_accéptable level.

4)Wire connection is ‘made by clamping as much as
possible, and the connection box is used.

5)For connection ﬁetween the fluorescent lamp and
the electric wire, a bis/screw-connector was
adopted. . '

| G!Fluorescent Lamp - The fluorescent lamp adopted was provided with
_ corrosion—preventing measures against humidity
Made in New Zealand and against rust due to the salt, also using a
_ coating on the board wiring of the.ballast.
{purchased in Kiribati) In Jabén, there was no lamp available for 12V,
24V DC. Thus, it is considered better to have

the lamp available locally for the exchange of

defective lamps.

1)11W—fluorescent lamp.

2) TW-fluorescent lamp.

- 3) 1waED lamp.

See attached sheet  4.3-06

7.Electric ' Electric components such as switches, etc used
Instruments,ete. for the System are not to be manufactured in Japan.
_ Those already available in Kiribati. Thus, it

Made in foreign - will be easy to purchase new ones locally, and
Countries the price is low. _

' o There: fore, the following device and materials have

been adopted for purchase locally.



Tape and-saddles - In considering the weatherability of tape,plastic

are purchased materials shall be black, and self-fusing tape

in Japan and guard tape shall be used Air tightness shall
be provided for the componentq by using the self-
fusing tape.
Nails and saddles shall be made of copper or .

brass.

(B)Maln Materials
Main Materials are shown in Table 4.3-2 and Table 4.3-3.

Details are attached in Sheet O 4.83-1~4.3-6.°

Table 4.3-2 The Materials for General House

Materials Unit Nﬁmber Remarks
Solar Module ‘ea 2 100~200W
Pole Type' Lo ea 1 4m

(for 2 modules) :

Fluorescent Lamp

11% ea

™ - " ea 2

v - : ea
"No Fuse_Breaker' Cea.. 1

(circuit breaker)
pistribution =~ ©  sét . 1
“ Panel : S



Table 4.3-3 The Materials for Maneaba

(40¥+2systemx 2sets)
© aterials Uit Nber  Remrks
Soler tolle  ea 13 oo~
Cowmting e st 3
(for 4 modules}
Controtter w2
Cpattery et 4 100Ab/isct
lvorcscent Lame  ea 4 -
20W-
Mo Fuse bresker @ 2

{circuit breaker)
Distribution © get 2
Panel



<Attached Sheet 4.3-1>

List of Solar Module Maker

Name of Maker Préduction Remarks
Equipment
1 Mitsubishi % No exclusive
Electric : Production line
2  Kyocera O
3  Komatsu Penshi — - Production stopped
4  Sharp ' FAN " Production stopped
(Temporary)
5 Hoxan AN
6 Toshiba *
7  ShowaShell : O
Sekiyu
8 Matsushita FAY
9 Fuji Electric FA
10 Hitachi- %k



<Attached Sheet 4.3-2>

Characteristics of Solar Module

Coume wover v w1 w0
Cvording voitese v s 20
Cvorking curent A 285 805
Copenctreutt vl v a4 s
Cpenctremt e A 810 a4
bttty % 108 1205

Max System Voltage 600V, Cell Temp. 25°C.
‘Radiation Condition AM1.5, 1KW/m2

KYOCERA Vo0=20.3V(1-0.377%/°C»35deg)=17.6V
SHOSEKI Vo=21.8V(1-0.377%/°C*35deg)=18.5V

Charactéristics_of'Storage Battery

For house(12CT-110)
at charge 0.1C—100% 2.6V#6=15.6V
at discharge 0.1C— 50%  13V~11.0V

For test house(12CTE-120}
at charge 0.1C-+100% 2.6V*6é15.6
at discharge 0.1C- 50% 13V~11.0V



<Attached Sheet 4.3-3>

Controller
1.BP Solar (Unit:V)
Protection of ' Protecfion of
Over-charge - Over-discharge
Charge cutout 14.4 Discharge cutout 10.35
Charge reset 12.5 * Discharge reset 13.1
2.Solar Energy - (Unit:V)
ProteCtioh of Protection of
Over-charge = . Over-discharge

Charge reset - Djschafge reset -
Sstemens  weew
""""""" Protection of  Protectionof
.Over~Cha?ge - Over-discharge
 Charee cutout 4.8 Discharge cutout 1095
 harge reset 125 Discharge resol 125
pocera iy
"""""" rotection of  Protection of
Over—chargg.' ' .:0ver~dischargé. 
 Chorge cutont 15,0 bischarge cutout 114
Charge reset 9.5 Dischare raset 125
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<Attached Sheet 4,3-4>

Voltage Charge*discharge Controlléf

(a)General House | ' S A{Unit:V)
_______ Protestion of | protectionof
Over-charge _ Over—diSchérge
oharge ovtowt 15,6 Dlschar cutowt 114
" arge reset 126 Discharge reset  12.6

{b)For evaluating the General House -~ (Unit:V)

' Protectibn of " Protection of

Over-charge 0ver—di$charge
Gharge cvtout 141 Dlsohargs cutowt 1075
T ares reset - Dissbaize reset. -

(c)Fdr:Mapeaba (Unit:V)

______ piofection of . Peotestiamor

Over-charge Over-discharge
nares cutout 2 Discharge cutout 2.8
T hars remet 5.2 bischarge resot .2



< Attached Sheet 4.3-5>

Battery Terminal Voltage Comparison Table of Each Maker

- Terminal Voltage Terminal Voitage
Cat Discharge ‘at Charge
Maker & Type . : :
100% L [s0% 4 oy L |ox t |50% 1 100% 1
FolesL . vent| 2.01 1.975 | 1.80 1975 | 2.16. | 2.80
R | SE Seal| 2.06 2. 02 .80 | - | 2,17 2.6
k| mS Vent| 2.02 1.98 | 1.80 | = | 2.18 | 2.85
¥ | Hyb-NF  Seal| 2.08 | 2.02 [+ 1.77 | 2.05 | 2.15 2.63
A |(for Vehicle) |
N SLB Vent| 2.04 | 1.99 | 1.875 | 2.08 | 2.25 2.89 .
1 | : : e —
i MSE Seal| 2.05 | 1,97 | 1.80 o o #
0 ' — ‘ _
N | SFK veot| 2.00 |- 1.95 | .87 | 180 | 2.15 2.13
b | HS . Vent| 1.92 1.89 | 1.80 | = # o
E - .
N Yehicle  Seal 'bidn”t have Chérge/diéchdrge characteristics.
T
I
v | scs Vent| 2.014 | '1.950 | 1.800 | 2.17 | 2.30 2.84
Y ' ' —te : '
A Yehicle Seal Didn’t héve Charge/disqhafge CharacteriStics.
. _ _ -
A
BP Solar Yent Didn”t:have Chafgé/discharge,characteristiés.




. <Attached Sheet 4.3-6> .
Reasons for Lodal'PUrchase of Partial Miscellaneous Materials for Solar

Power Generation System'

For the purchase of fluorescent lamps and flashing switches, local purchase
shall be made by the following reasons.
(1)DC12V-Fluorescent lamp (including the stabilizer) is not available
in Japan. ' | '
(2)Switch for flashing is cheaper available'locally.
(3)For exchange of it, it is easily available locally.

<for Reference>

«Fluorescent Lamp and Switch {as of June, 1992)
Product Domestic Overseas Remarks
Name Product ~ Product
o | ~ SEC
DC12V 11w - ¥3,000 handies 1t.
Fluorescent _ ' _ SEC
Lamp pcizv 7w . - ¥3,000 handles it.
SEC
pClL2vV 1w - ¥2,000 handles it
. SEC
On/0ff switch ¥900 ¥750 handles it
*Cabie
Product Domestic Overseas Remarks
2.6 %X 3VVF ¥180 /m ¥250 /m
CADLE  m oot oo o oo s
2.6 X 2VVF ¥110 /m ¥170 /m

"Electric wire VVF is purchased_doméétically.
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