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PREFACE 

This report i s one of the products of a cooperative programme i n which a 
number of o r g a n i s a t i o n s have worked together i n h e l p i n g P a c i f i c c o u n t r i e s to 
assess t h e i r s i t u a t i o n and needs i n the development and management of energy 
resources, l e a d i n g to the formulation of r e g i o n a l programmes f o r a s s i s t a n c e to 
the c o u n t r i e s i n t h i s f i e l d * 

With the South P a c i f i c Bureau f o r Economic Co-operation (SPEC) a c t i n g as 
general c o o r d i n a t o r , the other bodies involved throughout the programme were the 
A u s t r a l i a n N a t i o n a l U n i v e r s i t y (ANU: Centre f o r Resource and Environmental 
S t u d i e s ) , the East-West Center (EWC), the Economic and S o c i a l Commission f o r 
Asia and the P a c i f i c (ESCAP), the European Economic Community (EEC), the United 
Nations Development Programme (UNDP), and the United Nations Development 
Advisory Team (UNDAT). 

The mission to K i r i b a t i was comprised of the Team Leader, Dr. Ken 
Newcombe, who prepared the r e p o r t , and Dr. Tony Weir of SPEC. Assistance i n 
w r i t i n g the report came from Stephen Meyers w i t h c o n t r i b u t i o n s from Tony Weir 
and i n v a l u a b l e support s e r v i c e s have been received from the t y p i s t s and research 
a s s i s t a n t s of CRES, ANU, and EWC. 

Due to c o n s t r a i n t s of time and s t a f f i n g , no attempt has been made i n t h i s 
report to p r o j e c t present day energy demands to 1990 nor to consider the 
economic i m p l i c a t i o n s of the proposed reforms by that time. I t i s p o s s i b l e , 
however, to gather a reasonable impression of the l i k e l y economic impact from 
the m a t e r i a l contained h e r e i n . 
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EDITORIAL NOTE 

The attached report on the energy s i t u a t i o n i n t h i s country i s the 
r e s u l t of a r e g i o n a l survey mission which v i s i t e d 11 P a c i f i c nations during 
1982. The f i n d i n g s of t h i s mission were presented i n d r a f t form to 
re p r e s e n t a t i v e s of p a r t i c i p a t i n g governments at a meeting held i n Suva, F i j i i n 
September 1982. During the process of e d i t i n g the r e p o r t s , i t became obvious 
that a great deal of the informat i o n and a n a l y s i s might be of general i n t e r e s t , 
but was not n e c e s s a r i l y contained i n every r e p o r t . As a r e s u l t , i t was decided 
that a s i n g l e o u t l i n e of t o p i c a l subjects should be developed and that the 
i n d i v i d u a l country reports should be standardised and organised around t h i s 
general s t r u c t u r e . 

The r e s u l t of t h i s r e o r g a n i s a t i o n has been to resequence a few 
sections i n each r e p o r t . In a d d i t i o n , where a country report omitted 
information about a p a r t i c u l a r s u b j e c t , or where a subject had already been 
merged with a r e l a t e d t o p i c , the de s i g n a t i o n "N.A." may appear a f t e r a paragraph 
or s e c t i o n number (e.g., 4.2.10 N.A.). The purpose of the "N.A." d e s i g n a t i o n i s 
to a l e r t the reader to the f a c t that there may be inf o r m a t i o n of general 
i n t e r e s t on t h i s subject a v a i l a b l e i n other country r e p o r t s . A set of survey 
reports i s a v a i l a b l e i n your country from the planning a u t h o r i t i e s . 

By the common agreement of the sponsors, the content of the country 
reports i s unchanged from the text agreed subsequent to the Suva meeting. No 
substantive changes have been made i n the e d i t i n g of these r e p o r t s . Other than 
the numerical s t r u c t u r i n g of s e c t i o n s , the only changes have been r e v i s i o n s to 
wording and syntax designed to improve the r e a d a b i l i t y of the r e p o r t s . 
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1. SUMMARY AND RECOMMENDATIONS 

1.1 Summary 

For an a t o l l i s l a n d system, K i r i b a t i i s i n the s u r p r i s i n g 
s i t u a t i o n of being able to d i s p l a c e a large p r o p o r t i o n of i t s imported 
petroleum demand w i t h l o c a l energy sources during the next decade* 
Excluding a v i a t i o n f u e l s , f o r which no near-term prospect of s u b s t i t u t i o n 
e x i s t s , between 45 percent and 50 percent of petroleum f u e l s can be 
economically d i s p l a c e d by renewable sources of energy. F u l l y one-half of 
t h i s c o n t r i b u t i o n can come from woody biomass used i n power generation on 
Tarawa and i s s u b s t a n t i a l l y composed of s e n i l e coconut trees harvested on a 
60-year r o t a t i o n schedule. These woodfuels, i n c l u d i n g charcoal produced on 
the outer i s l a n d s , can s u b s t i t u t e f o r perhaps one-half of the kerosene and 
LPG ( l i q u i f i e d petroleum gas) now used f o r cooking, and most of the d i e s e l 
used i n heat r a i s i n g . Coconut o i l can d i s p l a c e up to one-half of road 
t r a n s p o r t a t i o n f u e l use w i t h i n ten years. The use of coconut o i l f o r 
t r a n s p o r t a t i o n i s the only t r u l y s p e c u l a t i v e I n t e r f u e l s u b s t i t u t i o n 
f o r e c a s t i n t h i s p r o j e c t i o n . The t r a n s i t i o n away from petroleum w i l l take 
place s l o w l y , g a i n i n g momentum between four and ten years from now, and i s 
contingent upon the close i n t e g r a t i o n of a g r i c u l t u r e , f o r e s t r y , and energy 
secto r development. The b e n e f i t s that can flow to primary Industry from 
development of a l o c a l demand f o r woodfuels are considerable and i n c l u d e 
r e h a b i l i t a t i o n of the n a t i o n a l coconut crop. 

In the short term, the most s u b s t a n t i a l gains w i l l r e s u l t from 
r a t i o n a l e l e c t r i c i t y p r i c i n g , more e f f e c t i v e petroleum supply c o n t r a c t 
n e g o t i a t i o n , and petroleum p r i c e c o n t b l . Reform here i s e s s e n t i a l and w i l l 
prepare the ground f o r the i n i t i a t i v e s to f o l l o w toward the greater use of 
l o c a l energy sources. 

No l a s t i n g b e n e f i c i a l change can r e s u l t unless there i s strong and 
d e c i s i v e decision-making and c o n t r o l by government given the unique 
s i t u a t i o n i n K i r i b a t i of almost complete government dominance of the 
economy. 
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1.2 Main Recommendations and Conclusions 

1.2.1 Indigenous energy resources: Prospects f o r development  

Energy resources 

o Coconut tree s that have become unproductive could provide 
two-thirds of the f u e l required f o r power generation on 
Tarawa. Cash flow i n g from the purchase of these tre e s can 
a s s i s t w i t h r e p l a n t i n g and upgrading o v e r a l l coconut 
production. 

o C e n t r a l i s e d d r y i n g of copra i n the f a r northern i s l a n d s w i l l 
r e l e a s e u s e f u l q u a n t i t i e s of husk, and s h e l l . I f 
f i n g e r c u t t i n g i s more p r a c t i c a l , coconut s h e l l c h a r c o a l can 
be produced p r o v i d i n g s u b s t a n t i a l a d d i t i o n a l income. 

o Charcoal production from coconut s h e l l and wood on the outer 
i s l a n d s f o r s a l e and use on Tarawa could become an important 
source of r u r a l income. The government i s encouraged to 
pursue t h i s option w i t h the K i r i b a t i Co-operative Wholesale 
Society (KCWS). 

o The government i s advised to review the development of the 
Temaiku bight area. The mission proposes that t h i s reclaimed 
land be used f o r a n a t i o n a l fuelwood p l a n t a t i o n and the s i t e 
of a wood- and w a s t e - f i r e d power s t a t i o n . ( A i d a s s i s t a n c e i s 
a v a i l a b l e f o r e v a l u a t i o n and design.) 

o There i s j u s t i f i c a t i o n to improve the record of s o l a r 
i n s o l a t i o n i n K i r i b a t i ( G i l b e r t Group) f o r energy planning 
and s o l a r equipment design c o n s i d e r a t i o n s . 

o Wind may c o n s t i t u t e an a t t r a c t i v e long-term source of power 
on Christmas I s l a n d ( K i r l t l m a t i ) . The m i s s i o n recommends 
pr e c i s e and d e t a i l e d monitoring of the wind resource near to 
the demand centres on the i s l a n d . ( A i d a s s i s t a n c e i s 
a v a i l a b l e • ) 

o Urban refuse on Tarawa may prove a valuable source of 
combustible residue f o r power generation. The Department of 
Works and Energy (DWE) i s urged to survey t h i s p o t e n t i a l as 
part of the f u r t h e r e v a l u a t i o n of a wood- and w a s t e - f i r e d 
power s t a t i o n . 

Medium- to l a r g e - s c a l e power sources 

o The mission recommends that the a g r i c u l t u r e d i v i s i o n confirm 
the data r e l a t i n g to the coconut population on Tarawa, the 
p r a c t i c a l i t y of t r a n s p o r t i n g logs from North Tarawa, and the 
close i n t e g r a t i o n of coconut r e p l a n t i n g and l o g h a r v e s t i n g on 
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Tarawa. Should these f i n d i n g s be p o s i t i v e , i t i s a d v i s a b l e 
to proceed immediately to design and cost both the Temaiku 
bight power s t a t i o n and the fuelwood p l a n t a t i o n there i n 
place of the coconut crop. (Note that the e x i s t i n g coconut 
crop on the Temaiku bight i s i t s e l f a fuelwood resource.) 

o Coconut o i l w i l l be an economic a l t e r n a t i v e to d i e s e l f o r 
power generation provided that the copra meal by-product has 
a l o c a l value as a stockfeed of A$170/te and that blends of 
coconut o i l and d i e s e l of up to 50/50 prove t e c h n i c a l l y 
v i a b l e . 

o Small steam turbines or engines are b e l i e v e d to be economic 
and p r a c t i c a l a l t e r n a t i v e s to d i e s e l generation on Christmas 
I s l a n d . The mission recommends the use of EEC funds to 
i n s t a l l a 100 kVa steam turbine system at Banaba during 
1983/84. 

Small-scale power systems 

o Solar e l e c t r i c i t y i s a cheaper and more r e l i a b l e source 
of household and general l i g h t i n g than kerosene i n areas 
away from the g r i d supply of e l e c t r i c i t y . The mission 
advises the government to waive the duty on s o l a r 
PVC ( p h o t o v o l t a i c c e l l ) l i g h t i n g k i t s and a c c e s s o r i e s and to 
mount a small loans scheme through the N a t i o n a l Loans Board 
(NLB) to f a c i l i t a t e t h e i r wider use. 

Industry and Commerce 

o I n d u s t r i a l - s c a l e s o l a r water heating i s f a r cheaper than 
using diesel-generated e l e c t r i c i t y and w i l l only be 
surpassed economically by small wood- and waste-fueled water 
b o i l e r s . Where the l a t t e r are not p r a c t i c a l , the 
i n s t a l l a t i o n of s o l a r water heating i s recommended. 

o There i s no economic j u s t i f i c a t i o n f o r the use of 
e l e c t r i c i t y f o r cooking at present power production c o s t s . 
The government i s encouraged to convert a l l i n s t i t u t i o n a l 
cooking to s o l i d - f u e l e d slow combustion stoves I n c o r p o r a t i n g 
water heating. Charcoal i s an i d e a l f u e l f o r such stoves; 
hence t h i s conversion o f f e r s the opportunity to i n i t i a t e an 
outer i s l a n d c h a r c o a l i n d u s t r y . 

o Small h o t - a i r generators are l i k e l y to be a v a i l a b l e f o r 
adapting d i e s e l - f l r e d ovens to wood f u e l s during the next 
three years. The government i s advised to f o l l o w the 
development of t h i s technology i n Western Samoa during 
1983/84. 
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Tra n s p o r t a t i o n 

o Coconut o i l could prove a v i a b l e d i e s e l extender should the 
use of blends i n smaller d i e s e l engines become manageable. 
The government Is advised to p e r s i s t with the t r i a l of 
coconut o i l blends i n l a r g e r d i e s e l engines f o r power 
generation before pursuing t h e i r use i n road v e h i c l e s . 

o The mission endorses the government's a c q u i s i t i o n of a 
wind-powered ship f o r the Marine T r a i n i n g School and 
encourages f u r t h e r i n v e s t i g a t i o n i n t o wind a s s i s t a n c e f o r 
t r a d i n g and other marine v e s s e l s . 

HousehoIds 

o Slow combustion stoves are recommended i n place of e l e c t r i c 
and gas cookers f o r a l l government u p p e r - l e v e l homes- These 
stoves should i n c o r p o r a t e water heati n g , and kitchens should 
be s l i g h t l y modified where necessary to ensure v e n t i l a t i o n . 
Charcoal i s the favoured f u e l as i n (m) above. ( A i d 
a s s i s t a n c e i s a v a i l a b l e f o r demonstration.) 

o Small modular wood and charcoal stoves of F i j i a n design are 
recommended f o r l o c a l production and use to replace kerosene 
cooking and to enhance the convenience and u t i l i t y of cooking 
with woody m a t e r i a l s . (Aid a s s i s t a n c e i s a v a i l a b l e . ) 

o Solar water heating i s provided f o r use wherever wood stoves 
i n c o r p o r a t i n g water heaters are not p r a c t i c a b l e . 

1.2.2 Petroleum. N.A. 

1.2.3 E l e c t r i c i t y  

Planning 

o An e c o n o m i s t - f i n a n c i a l analyst and a system planning 
engineer are needed to improve the P u b l i c U t i l i t y Board's 
(PUB) c a p a c i t y to plan f o r system development and to enhance 
i t s f i n a n c i a l management. 

Management 

o A simple set of g u i d e l i n e s f o r f i n a n c i a l management i s 
necessary to improve the p r o d u c t i v i t y of the P u b l i c U t i l i t i e s 
Board (PUB), to Increase i t s f i n a n c i a l independence, and to 
al l o w the government to forward plan any major expenditure 
or debt r a i s i n g on i t s behalf. 

o The board of the PUB could be a s s i s t e d w i t h a d d i t i o n a l 
d i r e c t o r s with the d i r e c t experience of u t i l i t y management 
and engineering, although these w i l l prove d i f f i c u l t to f i n d 
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i n K i r i b a t i . In any case, the board should request a 
d e t a i l e d work plan f o r the f i n a n c i a l year, and f o r agreed 
periods beyond, to enable a regular and p r e c i s e review of 
performance of the PUB i n ach i e v i n g i t s planned o b j e c t i v e s . 

o A more exact a l l o c a t i o n of costs between the power and 
sewage and water sectors of the PUB i s necessary to 
a s c e r t a i n the true c o s t s of power production. I d e a l l y , 
power generation should be operated as a separate and f u l l y 
commercial e n t i t y . 

o In the longer-term, the PUB should become the sole a u t h o r i t y 
r e s p o n s i b l e f o r power supply on K i r i b a t i . 

P r i c i n g 

o At the time of the mis s i o n , e l e c t r i c i t y p r i c e s were below 
the d i r e c t cost of production, although p r i c i n g was being 
reviewed. The mission estimated the f u l l marginal cost of 
production and proposed an economic t a r i f f with " l i f e - l i n e " 
b lock. A t a r i f f w i t h a f i r s t block of 20 kWhs at 20cents/Wh 
and the remainder at 35cents/kWh was proposed. (The mission 
was informed that a s i m i l a r t a r i f f has now been adopted.) 

R u r a l e l e c t r i c i t y 

o No government involvement i n power supply to the p r i v a t e 
sector i n outer i s l a n d s i s proposed u n t i l the cumulative load 
at the p a r t i c u l a r demand centre can be met more cheaply by a 
c e n t r a l i s e d government supply. 

1.2.4 Energy conservation and management 

o PUB, DWE, and KCWS should i n t e r a c t to define and market the 
most e f f i c i e n t f l u o r e s c e n t and sodium vapour l i g h t i n g f o r 
both domestic and comm e r c i a l / I n d u s t r i a l use. 

o B u i l d i n g costs should be amended to ensure that b e t t e r use 
i s made of n a t u r a l v e n t i l a t i o n and l i g h t i n g and t h a t , where 
a i r c o n d i t i o n i n g i s r e q u i r e d , b u i l d i n g s are a p p r o p r i a t e l y 
designed. 

o The government i s advised to ban a i r c o n d i t i o n i n g except i n 
s p e c i a l places such as l i b r a r i e s , h o s p i t a l s u r g e r i e s , and the 
l i k e . Where a i r c o n d i t i o n i n g i s deemed necessary, minimum 
temperatures of 24°C-25°C should apply and b u i l d i n g s should 
be modified f o r maximum i n s u l a t i o n and shading. Rooms to be 
d e - a i r conditioned should be modified to achieve thermal 
comfort. 
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o Regarding cooking and water h e a t i n g , the f o l l o w i n g steps are 
recommended: 

1. Banning the i n s t a l l a t i o n of e l e c t r i c stoves. 

2. Banning the use of e l e c t r i c i t y as the prime or s o l e 
source of water h e a t i n g . 

3. Replacing f a u l t y e l e c t r i c a l cooking and water 
heating systems i n government homes w i t h wood and/or 
s o l a r systems. 

4. E l i m i n a t i n g the duty on a l l renewable energy conversion 
d e v i c e s . 

o In order to s t a b i l i s e the f u t u r e supply of woodfuels, the 
government i s encouraged: to r e g u l a t e the f e l l i n g of coconut 
t r e e s , to set a f a i r p r i c e f o r wood i n accordance w i t h i t s 
energy v a l u e , to consider the establishment of a government 
woodfuel yard, and to engage KCWS i n charcoal t r a d i n g . 

1.2.5 Energy a d m i n i s t r a t i o n and planning 

o The m i s s i o n commends the P r e s i d e n t ' s a c t i o n i n seeking the 
appointment of an energy planner and v e r i f i e s the need f o r a 
person to occupy t h i s post as soon as p o s s i b l e . A n a t i o n a l 
t r a i n e e i s needed to work wi t h t h i s o f f i c e r . 

o A "Working Group on Energy" i s needed to oversee the work 
of the energy planner and the implementation of energy 
programmes by the r e s p e c t i v e implementing agencies. This 
group could be comprised of the Secretary of DWE, the 
D i r e c t o r of Works and Energy, and the key development 
planning o f f i c e r i n the Finance Department. The group 
should be chaired by the M i n i s t e r of Communication and Works 
and have as i t s executive o f f i c e r the energy planner. 
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2. COUNTRY BACKGROUND 

2.1 Land. K i r i b a t i c o n s i s t s of s e v e r a l groups of l o w - l y i n g a t o l l s 
s c a t t e r e d along the equator over some f i v e m i l l i o n square kilometres ( s q . 
km) of the c e n t r a l P a c i f i c between longitudes 155° and 170° west. T o t a l 
land area i s 740 sq. km, of which about one-half i s Christmas I s l a n d . From 
the G i l b e r t s Group i n the west (17 i s l a n d s ) to the Line Group (8 i s l a n d s ) 
i n the east i s a dista n c e of nearly 4,000 km. S o i l on the a t o l l t e r r a i n i s 
scanty; there are no r i v e r s but most i s l a n d s enclose a lagoon. 

2.2 People. K i r i b a t i has a population of about 60,000 (mid-1982 es
ti m a t e ) , of which over 90 percent l i v e i n the G i l b e r t s Group. Tarawa, the 
most populous i s l a n d , has about 21,000 i n h a b i t a n t s In an area of only 25 
sq. km. Population d e n s i t y i n South Tarawa i s even higher at about 2,000 
persons per sq. km. The population of the other a t o l l s ranges from 800 to 
4,000. The n a t i o n a l population growth r a t e i s about two percent per annum 
(p.a.). 

2.3 Government. K i r i b a t i received i t s p o l i t i c a l independence from 
Great B r i t a i n i n J u l y 1979. Formerly, the G i l b e r t Islands had been join e d 
with the E l l i c e I slands (now Tuvalu) In a j o i n t colony. A parliamentary 
form of government p r e v a i l s , w i t h a s i n g l e chamber l e g i s l a t u r e and a 
President e l e c t e d by the people who serves as Head of State and Head of 
Government. 

2.4 Economy. Since c e s s a t i o n of phosphate mining on Banaba i n e a r l y 
1980, economic production i n K i r i b a t i i s almost e n t i r e l y a g r i c u l t u r a l , both 
for subsistence and f o r r u r a l cash income. On South Tarawa, a cash economy 
p r e v a i l s , supported l a r g e l y by government remuneration. Copra i s the only 
export of consequence, with earnings i n 1980 of A$2.2 m i l l i o n from 6,000 
tonnes, although exports of f i s h are growing. With the l o s s of phosphate 
exports, a large trade d e f i c i t has r e s u l t e d ; imports i n 1980 were seven 
times export earnings (see Table 2.1). The major impact categories i n 1980 
were food and machinery and transport equipment. GDP (Gross Domestic Pro
duct) was estimated f o r 1980 at A$41.2 m i l l i o n ( f a c t o r c o s t ) , about A$700 
per c a p i t a . 
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Table 2.1 
Selected I n d i c a t o r s . 

( m i l l i o n A$, unless Indicated) 

1977 1978 1979 1980 1981 

GDP 35.1 39.2 38.6 41.2 ... 
Exports f.0.b. 18.2 21.4 21.2 2.4 ... 
Imports c . i . f . 11.7 14.1 15.5 16.8 ... 
Balance of trade + 6.5 + 7.3 + 5.7 -14.4 ... 
Key exports: 

Phosphate 15.7 17.8 18.0 n i l n i l 
('000 t e ) 419 856 446 n i l n i l 
Copra 2.4 2.5 3.1 2.2 ... 
('000 t e ) ... ... 5.7 6.0 11 

I n f l a t i o n r a t e (%) 11.7 4.3 ... ... ... 
Exchange r a t e (US$/A$) 1.109 1.145 1.118 1.140 1.149 

P o p u l a t i o n ('000) 55 56 57 58 59 

Notes: (1) Population i s mid-year estimate based on 1978 census. 
(2) GDP i s at f a c t o r cost.-
(3) Source f o r exchange r a t e i s the IMF. 
(4) Source f o r trade f i g u r e s In $ value i s SPC. 

2.5 R e l a t i v e Economic Conditions. N.A. 

2.6 Role of Energy Imports. The share of t o t a l imports accounted 
f o r by petroleum f u e l s imported f o r domestic consumption has probably 
nea r l y doubled from 1978 to 1981. (This assumes 1981 t o t a l imports of A$ 
18-20 m i l l i o n . ) The drop i n 1980 i s due to the c e s s a t i o n of mining on 
Banaba.1 

1978 1979 1980 1981 
F u e l imports (mn A$) 1.48 2.26 1.90 3.30 
% of t o t a l Imports 10 15 11 .... 
% of t o t a l exports 7 11 79 .... 

O f f i c i a l trade s t a t i s t i c s on mineral f u e l s imports appear to 
understate 1980 imports; thus, adjustments have been made based on o i l 
company s a l e s f i g u r e s . The 1981 imports have been estimated using an 
average c . i . f . value of 30 A c e n t s / l i t r e . 
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2.7 Development P l a n s . Limited n a t u r a l resources, geographical 
i s o l a t i o n , and the small s i z e of the domestic market c o n s t r a i n K i r i b a t i ' s 
options f o r ecomonic growth. Primary a t t e n t i o n i s being given to 
development of marine resources: both deep-sea f i s h i n g and lagoon farming. 
In the a g r i c u l t u r a l s e c t o r , coconut r e p l a n t i n g i s to continue, and new 
p l a n t i n g on Christmas I s l a n d i s planned. Development of vegetable and meat 
( p o u l t r y and pigs) production f o r import s u b s t i t u t i o n i s a f u r t h e r aim. 
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3. PATTERNS OF ENERGY SUPPLY AND USE 

3.1 Petroleum Fuels 

3.1.1 Overview. Petroleum f u e l s are supplied to K i r i b a t i from storage 
i n F i j i by c o a s t a l tankers by Mobil and B r i t i s h Petroleum, the l a t t e r s e l 
l i n g a v i a t i o n f u e l s on Tarawa only. (See s e c t i o n 5.1 f o r d e t a i l s on 
petroleum f u e l supply and marketing.) I n t e r n a l use of imported petroleum 
f u e l s i n 1981 amounted to 11 m i l l i o n l i t r e s ( M l ) . About 30 percent of t h i s 
i s j e t f u e l s o l d to A i r Tungaru, the n a t i o n a l a i r l i n e . Nearly one-half i s 
d i s t i l l a t e f u e l used mainly i n e l e c t r i c i t y generation and s h i p p i n g . 

3.1.2 P r i c e s . P r i c e s have r i s e n c onsiderably i n the l a s t few years. 
Compared w i t h p r e v a i l i n g p r i c e s at the beginning of 1980, the wholesale pr
i c e of d i e s e l as of May 1982 i s 73 percent higher; kerosene i s 66 percent 
higher; and p e t r o l i s 43 percent higher: 

P e t r o l Kerosene D i e s e l 
(A cents per l i t r e ) 

January 1980 46 29 30 
J u l y 1980 53 35 37 
January 1981 55 36 40 
J u l y 1981 59 42 44 
January 1982 62 43 47 
May 1982 66 48 52 

R e t a i l p r i c e s as of May 1982 were 76 c e n t s / l i t r e f o r p e t r o l and 60 A cents 
( A u s t r a l i a n c e n t s ) / l i t r e f o r kerosene. 

3.1.3 Trends i n demand. Annual s a l e s of petroleum f u e l i n K i r i b a t i 
s i n c e 1973 as reported by the s u p p l i e r s are shown i n Table 3.1. The 
increase seen i n 1981 f o r p e t r o l and d i s t i l l a t e may r e f l e c t l a r g e r 
shipments to Christmas I s l a n d , though a c t u a l s a l e s of p e t r o l from the f u e l 
depot i n Tarawa show a r i s e of about 10 percent. D i s t i l l a t e s a l e s on 
Tarawa rose only s l i g h t l y . Kerosene use appears to have d e c l i n e d i n 1981. 
Jet f u e l demand has grown considerably since the beginning of operations of 
A i r Tungaru, which now accounts f o r most of the j e t f u e l market. 
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Table 3.1 
Demand f o r Petroleum Fuels 

1973 1974 1975 1976 1977 1978 1979 1980 1981 

D i s t i l l a t e 
P e t r o l 
Kerosene 
White benzine 
LPG 
T o t a l Ground 

Products 
Avgas 
Jet F uel 
T o t a l A l l Fuels 

( k i l o l i t r e s ) 
8608 5253 8745 

1050 1009 1273 1132 1109 1558 
573 536 841 674 774 891 

8* 8* 9 4 4 5 
5* 5* 5* 15* 15* 19* 

9937 4590 4848 
1289 1299 1610 
699 741 700 

3 2 3 
22* 25* 

... ... ... 10433 
377 400* 450* 498 
668 700* 750* 800* 
... ... ... 11731 

28 

7155 11218 11950 6657 7089 
500* 500* 500* 515 630 
853 452 1160 3181 3961 

8508 12170 13610 10353 11680 

Note: (1) Data are annual sales as reported by s u p p l i e r s , except f o r 
d i s t i l l a t e use 1976-79, where M o b i l data omit sales to 
Banaba. For these years, the data shown are Imports. For 
1980 and 1981, s a l e s of ground products as reported by Mobil 
have been adjusted to r e f l e c t corrected s a l e s from the Tarawa 
f u e l depot. An a s t e r i s k (*) i n d i c a t e s an estimate made i n 
the absence of r e l i a b l e data. 

3.1.4 Patterns of use. Domestic use of petroleum f u e l s i n K i r i b a t i i n 
1981 i s described i n Table 3.2 according to the purposes f o r which the 
f u e l s are used. Fuel used i n i n t e r - i s l a n d shipping and a i r t r a n s p o r t 
(estimated) i s i n c l u d e d , as i s a l l f u e l purchased by A i r Tungaru and 
domestic s h i p p i n g . (See Appendix 3.1.4) 
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Table 3.2 
Use of Petroleum Fuel In K i r i b a t i , 1981 

Household Trans- Heat/Steam E l e c t r i c i t y Other T o t a l 
uses p o r t a t l o n r a i s i n g generation 

( t e r a j o u l e s ) 
D i s t i l l a t e — 77 8 69 29 183 
Motor s p i r i t — 55 — < 1 — 55 
Kerosene 28 — — — — 28 
LPG 1 — — • ' — < 1 1 
J e t f u e l — 120 — — 120 
Avgas — 21 — — — 21 
TOTAL 29 273 8 69 29 408 

Note: (1) See Appendix 3.1.4 f o r d e r i v a t i o n of the above breakdown. 

3.1.5 T r a n s p o r t a t i o n s e c t o r . T r a n s p o r t a t i o n accounts f o r j u s t over 
two-thirds of K i r i b a t i ' s petroleum f u e l consumption. A i r t r a n s p o r t ( j e t 
f u e l and avgas) claims one-half of the se c t o r ' s consumption, while the r e s t 
i s probably s p l i t f a i r l y evenly between land transport and marine t r a n s p o r t 
( s h i p p i n g and s m a l l boats). Approximately ten percent i s claimed by the 
l o c a l f i s h i n g f l e e t . ^ 

3.1.6 E l e c t r i c i t y s e c t o r . E l e c t r i c i t y generation i s the next l a r g e s t 
consumer of petroleum f u e l at about 17 percent. 

3.1.7 Household s e c t o r . Household uses ( p r i m a r i l y l i g h t i n g and cooking 
using kerosene) account f o r under 10 percent. 

3.1.8 Heat and steam r a i s i n g . There i s apparently l i t t l e or no use f o r 
petroleum f u e l f o r heat or steam r a i s i n g . 

2 This f i s h " h a r v e s t i n g " a c t i v i t y i s s t r i c t l y speaking not 
t r a n s p o r t a t i o n . 
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3.2 E l e c t r i c i t y 

3.2.1 Supply. P u b l i c e l e c t r i c i t y supply i n K i r i b a t i e x i s t s on South 
Tarawa, under the P u b l i c U t i l i t i e s Board (PUB) and on Christmas I s l a n d 
under the M i n i s t r y of Line and Phoenix I s l a n d s . The former c o n s i s t s of a 
c e n t r a l i s e d diesel-powered generating s t a t i o n of 2.4 MW i n s t a l l e d c a p a c i t y 
and high-voltage d i s t r i b u t i o n system g i v i n g f u l l - t i m e s e r v i c e . The l a t t e r 
i s a d i s t r i b u t e d system w i t h about seven separate generating s i t e s and 
gives part-time s e r v i c e only. Some s t a t i s t i c s on the 1981 PUB operations 
are shown i n Table 3.3. 

Table 3.3 
PUB E l e c t r i c i t y Supply i n K i r i b a t i , 1981 

South Tarawa 

I n s t a l l e d c a p a c i t y (kW) 2400 
Firm c a p a c i t y (kW) 1650 
Generation (MWh) 4920 
Fuel consumption ( k l ) 1486 
Generating e f f i c i e n c y (%) 31.5 
Capacity f a c t o r 0.23 
Peak load (kW) 900 
Load f a c t o r 0.62 

Notes: (1) Firm c a p a c i t y r e f l e c t s outage of l a r g e s t s i n g l e u n i t . 
(2) Capacity f a c t o r i s the r a t i o of average load (assuming 

continuous operation) to i n s t a l l e d c a p a c i t y . 
(3) Load f a c t o r i s the r a t i o of average load (assuming continuous 

operation) to peak load. 
The number of households connected to the PUB system i s about 15 percent of 
the population i n the G i l b e r t s Group. 

3.2.2 Households connected to the g r i d . The number of households 
connected to the PUB system i s about 15 percent of the population i n the 
G i l b e r t s Group. 
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3.2.3 T a r i f f . The PUB t a r i f f i s a f l a t r a t e f o r a l l consumers. As of 
June 1982, the r a t e per u n i t , which has been i n e f f e c t s i n c e January 1981, 
was A$0.24. 

3.2.4 Trends i n e l e c t r i c i t y demand. Generation i n South Tarawa 
d e c l i n e d s l i g h t l y i n 1981 a f t e r growing at an average r a t e of 12 percent 
p.a. from 1977 to 1980. The main reason for the downturn was that t a r i f f s 
almost doubled toward the end of 1980. 

Table 3.4 
Trends i n E l e c t r i c i t y Demand, South Tarawa 

1977 1978 1979 1980 1981 

3590 3700 4310 5070 4920 
700 790 900 900 

2970 3110 3540 4180 

Generation (Mtfh) 
Peak load (kW) 
Sales (MWh) 

3.2.5 P a t t e r n s of use. Government o f f i c e s , e n t e r p r i s e s , and s e r v i c e s 
account f o r 60 percent of South Tarawa e l e c t r i c i t y use (based on J u l y 1981 
to March 1982 s a l e s ) . The l a r g e s t users are telecommunications s e r v i c e s 
and the main h o s p i t a l . Approximately 35 other government consumers use 
over 1,000 kWh per month. P r i v a t e commercial customers account f o r 13 per
cent of s a l e s . The l a r g e s t user i s the supermarket (13,978 kWh); 10 other 
consumers use over 1,000 kWh per month. Domestic consumers account f o r 27 
percent of t o t a l s a l e s . Of the 1,380 consumers, 39 percent use l e s s than 
20 kWh per month, and an a d d i t i o n a l 21 percent use between 20 and 50 kWh 
per month. 

3.2.6 R u r a l and urban use. N.A. 

3.2.7 Largest consumers. N.A. 

3.2.8 Peak demand. N.A. 



15 

3.3 Biomass Fuels 

3.3.1 Cooking. Most outer i s l a n d households and perhaps one-half of 
Tarawa households use biomass residues ( p r i m a r i l y d r i e d coconut husk and 
s h e l l ) f o r cooking. There i s apparently l i t t l e use of wood. Other Tarawa 
households probably supplement kerosene w i t h biomass. We assume als o that 
most households make an umumu* on the weekend. We roughly estimate t o t a l 
biomass consumption i n cooking as 22,500 ODte, or 425 t e r a j o u l e s . (See Ap
pendix 3.3.1 f o r d e t a i l s . ) 
(*Note: An umumu r e f e r s to cooking i n a p i t or cooking w i t h a bon oven 
over a p i t f i r e . ) 

3.3.2 Copra d r y i n g . As K i r i b a t i has a g e n e r a l l y sunny c l i m a t e , most i f 
not a l l of the copra i s sun-dried. This energy input i s not included i n 
our energy balance. 

3.3.3 Other. N.A. 

3.4 Summary of Energy Use 

3.4.1 Breakdown of t o t a l energy consumption. A breakdown of t o t a l en
ergy consumption i n K i r i b a t i i n 1981 i s shown i n Table 3.5. Imported 
petroleum f u e l s account for about one-half of the estimated t o t a l energy 
use of 833 t e r a j o u l e s . I f husk and s h e l l were used i n copra dr y i n g as i n 
other P a c i f i c c o u n t r i e s , the share of petroleum f u e l s would be somewhat 
l e s s . The domestic sector accounts f o r over one-half of t o t a l consumption 
due i n lar g e measure to the r e l a t i v e l y i n e f f i c i e n t use of biomass f u e l s i n 
cooking. However, at present there, i s no shortage of biomass f u e l s i n the 
outer i s l a n d s . T r a n s p o r t a t i o n accounts f o r most of the r e s t of energy con
sumption. 
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Table 3.5 
Energy Use i n K i r i b a t i , 1981 

Imported 
Petroleum Fuels Indigenous 

D i r e c t I n d i r e c t Biomass T o t a l 

( t e r a j o u l e s ) . 
Domestic 29 20 425 474 
T r a n s p o r t a t i o n 281 n i l n i l 281 
Primary i n d u s t r y 27 <1 — 27 
Manufacturing <1 <1 n i l <1 
Services <1 49 n i l 49 
Other 2 n i l n i l 2 
TOTAL 339 69 425 833 

(49%) (51%) 

Notes: (1) I n d i r e c t use: energy used i n e l e c t r i c i t y g eneration i s 
d i s t r i b u t e d among the sector s according to t h e i r e l e c t r i c i t y 
consumption. 

(2) Services Include p r i v a t e commerce as w e l l as government 
s e r v i c e s . 



4. INDIGENOUS ENERGY RESOURCES: PROSPECTS FOR DEVELOPMENT 

4,1 Indigenous Resources 

4.1.1 Overview. K i r i b a t i i s unique i n the r a t i o of sea to land i n i t s 
t e r r i t o r y , and t h i s , of course, g r e a t l y i n f l u e n c e s the nature and extent of 
the Indigenous energy resources that are a v a i l a b l e f o r commercial 
e x p l o i t a t i o n . I t i s s u r p r i s i n g to f i n d that despite t h i s t i n y land area, 
biomass f u e l s are already fundamental to the domestic economy and have a 
greater r o l e to play i n f u t u r e economic development. This i s r e l a t e d to 
the remarkably v e r s a t i l e coconut t r e e , although other prospects do e x i s t . 
Both s o l a r and wind energy are c r e d i t a b l e resources and can play a minor 
r o l e t h i s decade i n deplaclng the demand f o r imported petroleum, although 
some development and inventory work w i l l be needed i n the case of wind. 
This review w i l l i n d i c a t e t h a t , contrary to ex p e c t a t i o n s , K i r i b a t i has many 
promising options f o r the use of l o c a l l y a v a i l a b l e renewable energy sources 
that can b e n e f i t more than j u s t the energy economy. 

4.1.2 Biomass resources. Biomass takes the form of the standing 
biomass of the coconut crop, the annual f a l l of coconut plant residues and 
husk and s h e l l from h a r v e s t i n g copra, meat, or m i l k , and the trees 
i n t e r s p e r s e d w i t h coconuts, or forming dominant stands i n some parts of the 
nat i o n (e.g., s a l t b u s h on Christmas I s l a n d ) . Apart from the e x i s t i n g 
biomass resource, there i s the prospect of developing planned fuelwood and 
timber p l a n t a t i o n s of s e l e c t e d species over areas of a s i z e s i g n i f i c a n t to 
the l o c a l energy economy. 

4.1.3 Coconut energy resources. Coconuts are ubiquitous i n the 
G i l b e r t s Group and other parts of K i r i b a t i . Even though roads, houses, and 
p u b l i c b u i l d i n g s and f a c i l i t i e s i n t e r r u p t the p l a n t a t i o n , t h e i r dominance 
i s not i n d i s p u t e . The estimated area of the crop here i s 26,345 ha. There 
are large o l d coconut p l a n t a t i o n s on Christmas I s l a n d which are estimated 
to w e l l exceed 2,000 ha. On Fanning and Washington Islands i n the Lin e 
Group, there are l a r g e coconut p l a n t a t i o n s , some of which are now up f o r 
repurchase by the government (the area of Fanning I s l a n d i s 3,373 ha). The 
average d e n s i t y of p l a n t i n g i n the coconut "woodlands" of K i r i b a t i i s 197 
trees/ha. A l l newly e s t a b l i s h e d p l a n t a t i o n s are at 215 trees/ha. There 
has been an o f f i c i a l government r e p l a n t i n g programme i n operation s i n c e 
1970 which achieved 990 ha when completed by 1978. The present r e p l a n t i n g 
scheme alms at 200 ha/yr of new p l a n t a t i o n s and the only use of the wood 
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from the o l d trees that Is c u r r e n t l y envisioned Is f o r timber. There Is a 
small mobile sawmill processing coconut logs now. on Nonouti I s l a n d although 
I t i s probably processing no more than 2,000m3/yr whereas the replacement 
of 200 ha/yr could generate 40,000 m^/yr t o t a l s o l i d volume of coconut 
palm stem. 

The s u s t a i n a b l e resources of coconut wood from the bole or stem of 
the unproductive trees i s a v i t a l s t a t i s t i c i n planning f o r the f u l l and 
e f f i c i e n t u t i l i s a t i o n of the resource. While coconut t r e e s may remain i n 
production f o r 70 to 80 years, i n most circumstances there i s a marked 
d e c l i n e i n p r o d u c t i v i t y a f t e r 60 years, and i n some harsher environments, 
d e c l i n e may occur a f t e r 40 to 50 years. Even des p i t e t h i s r a p i d d e c l i n e i n 
p r o d u c t i v i t y at o l d age, there may be j u s t i f i c a t i o n f o r c u l l i n g e x i s t i n g 
t r e e s much e a r l i e r i f the guaranteed p r o d u c t i v i t y of new h y b r i d v a r i e t i e s 
i s much higher. In K i r i b a t i , a r o t a t i o n of 60 years f o r the coconut 
p l a n t a t i o n would be conserv a t i v e and reasonable. In the G i l b e r t I s l a n d s 
group, the standing recoverable volume that we estimate i s 2.42 m i l l i o n 
oven dry tonnes (ODte): an annual a v a i l a b i l i t y of 40,300 ODte (see 
Appendix 4.1.3(a)). For our very p r e l i m i n a r y estimate f o r Christmas I s l a n d , 
we have given 2,390 ODte p.a. The n a t i o n a l r e p l a n t i n g programme i m p l i c i t l y 
adopts a r o t a t i o n of 130 years, thus h a r v e s t i n g about 46 percent of the 
coconut wood a v a i l a b l e annually. I t i s r e a l i s t i c to allo w f o r recovery f o r 
timber of 15 percent by volume of the trees harvested under the r e p l a n t i n g 
programme, l e a v i n g about 15,800 ODte/p.a. f o r fuelwood. On Tarawa, where 
the great m a j o r i t y of the population and the energy demand i s l o c a t e d , 
under the r e p l a n t i n g programme about 950 ODte p.a. are a v a i l a b l e on South 
Tarawa, i n c l u d i n g the urban areas, and about 900 ODte p.a. from North 
Tarawa. However, i t i s p r a c t i c a l to apply a 60-year r o t a t i o n h a r v e s t i n g 
plan to Tarawa, and t h i s would y i e l d about 2,500 ODte and 2,300 ODte on the 
South and North of the I s l a n d , r e s p e c t i v e l y . This q u a n t i t y of wood on 
Tarawa i s 67 percent of the current e l e c t r i c i t y generation requirement i f 
steam b o i l e r t urbines of 12 percent o v e r a l l e f f i c i e n c y are used. 

N a t i o n a l l y , the annual net woodfuel y i e l d of the r e p l a n t i n g 
programme and that of a 60-year r o t a t i o n of the crop i s 0.7 and 1.8 times 
the gross energy value of a l l the petroleum products now imported annually 
to K i r i b a t i . Of course, i n most circumstances, woodfuels cannot be used 
with the same e f f i c i e n c y and cannot yet replace l i q u i d petroleum t r a n s p o r t 
f u e l s at the same l e v e l of ease and convenience. The use of coconut wood 
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resource as a f u e l should g r e a t l y complement the a g r i c u l t u r a l l y - o r i e n t e d 
r e p l a n t i n g programme by p r o v i d i n g a d d i t i o n a l cash f o r o l d t r e e s . 

In the course of copra production, the husk and s h e l l are e i t h e r 
burned as a d r y i n g f u e l or become a v a i l a b l e f o r the other f u e l users 
depending on the form of drying p r a c t i c e d . This v a r i e s i n K i r i b a t i from 
north to south, as r a i n f a l l d e c l i n e s and s o l a r d r y i n g can be p r a c t i c e d . In 
Appendix 4.1.3(b), we have estimated the present annual production of husk 
and s h e l l i n the south at 6790 ODte. Although there may be very l i t t l e , i f 
any, husk and s h e l l now a v a i l a b l e i n the north depending on j u s t how much 
hot a i r d r y i n g i s done. I t i s p o s s i b l e to c e n t r a l i s e d r y i n g on each of the 
i s l a n d s i n production centres of.200-500 te copra per year and use whole 
nut h a r v e s t i n g . Low-cost technology i s now a v a i l a b l e enabling copra d r y i n g 
to be completed w i t h only h a l f a tonne of husk and s h e l l per tonne of 
f i n i s h e d copra, l e a v i n g 2.4 te In s u r p l u s . In t h i s circumstance, the 
northern group can generate 2,350 ODte husk and s h e l l each year f o r other 
f u e l uses. The q u a n t i t y of husk and s h e l l i s expected to grow s t e a d i l y 
t h i s century as new higher y i e l d i n g palms come Into production as a r e s u l t 
of r e p l a n t i n g . I t i s unclear j u s t how much of the present a v a i l a b l e husk 
and s h e l l i s now used f o r cooking from place to place i n K i r i b a t i and, 
t h e r e f o r e , how much, i f any, of t h i s husk and s h e l l f u e l i s a v a i l a b l e 
outside of domestic use. The resource cannot i n any case be regarded as 
tra n s p o r t a b l e due to i t s low bulk d e n s i t y but i t may be considered a f u e l 
f o r f u t u r e power generation or small i n d u s t r i a l end-uses, on an i s l a n d by 
i s l a n d b a s i s . The p a r t i a l exception to t h i s general r u l e i s the production 
of charcoal from coconut s h e l l , which i s a dense and r e a d i l y t r a n s p o r t a b l e 
commodity. 

The c o s t s of t r a n s p o r t i n g low-density and low-value fuelwood over 
distances up to 600 km by sea are c l e a r l y p r o h i b i t i v e , even f o r the i s l a n d s 
w i t h i n 50 to 100 km of Tarawa. I t may, however, prove f e a s i b l e to convert 
the denser m a t e r i a l s — t h e coconut s h e l l and lower bole w o o d — i n t o c h a r c o a l 
and backload t r a d i n g v e s s e l s b r i n g i n g e s s e n t i a l s u p p l i e s of copra, and 
passengers, to and from the i s l a n d s . The present f r e i g h t r a te f o r copra i s 
A$55/te, which i s a bearable charge on charcoal (see 4.6). There i s a l s o 
the basis here of a smallholder i n d u s t r y i n t e g r a t e d with the present copra 
production on outer i s l a n d s . The maximum resource from the estimate made 
i n Appendix 4.1.3(c) i s 3,472 te of wood c h a r c o a l , based only on 
c a r b o n i s i n g timber harvested i n the r e p l a n t i n g programme and 615 te of 
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coconut s h e l l c h a r c o a l . I t i s assumed here that charcoal production w i l l 
not be undertaken on Tarawa since a l l the residues a v a i l a b l e there w i l l 
more p r o f i t a b l y be burned as i s . 

4.1.4 Other combustible residues. There i s no f o r e s t resource by any 
acceptable standard of timber q u a l i t y and q u a n t i t y . Nevertheless, the few 
patches of trees that there are, other than coconuts, and the p o t e n t i a l 
that there i s to grow more must be regarded s e r i o u s l y as a resource i n 
K i r i b a t i . On Christmas I s l a n d , there Is l i k e l y to be a good p o t e n t i a l f o r 
some adaptable fuelwood s p e c i e s . Already l a r g e acres of robust saltbushes 
could c o n s t i t u t e a renewable energy source with c a r e f u l ecosystem 
management. Nevertheless, trees on Christmas I s l a n d are of value as a f u e l 
only there. I t i s the centre of n a t i o n a l energy demand, Tarawa, that i s 
the prime concern. There are two prospects worthy of c l o s e e v a l u a t i o n . The 
f i r s t i s the d e l i b e r a t e and managed c u l t i v a t i o n of Casuarina e q u i s e t i f o l i a 
on a l l open roadsides, fishpond borders, causeways, and other vacant land 
i n t h i n c o a s t a l windbreaks whenever p r a c t i c a l . Casuarina does p a r t i c u l a r l y 
w e l l i n f a i r l y harsh s a l i n e environments. The o c c a s i o n a l slow growth i s 
compensated to some extent by extremely dense wood (800 kg/m^) of higher 
c a l o r i f i c value ( p o s s i b l y as high as 24 MJ/ODkg c . f . 20 MJ/ODkg f o r most 
other woodfuel). S u r p r i s i n g l y , the K i r i b a t i population makes l i t t l e use of 
Casuarina as a f u e l , the mission observed i t s use only i n western s t y l e 
barbeques. Casuarina that i s w e l l tended should produce 10-15 ODte/ha/year 
although t h i s i s subject to c o n f i r m a t i o n l o c a l l y . I t i s not p o s s i b l e to 
determine the land area i n the above c a t e g o r i e s which might be a v a i l a b l e 
without d e t a i l e d mapping. For the purposes of t h i s crude e v a l u a t i o n , we 
w i l l assume that an a d d i t i o n a l 5 percent of t o t a l area i s a v a i l a b l e and 
that e x i s t i n g coverage i s 2.5 percent. A t o t a l of 7.5 percent of land area 
on South Tarawa, other than the Temaiku b i g h t , i s 190 ha, which would y i e l d 
1900-2850 ODte/yr. The second prospect i s the use of the Temaiku bight as 
a woodfuel reserve. 

In the e a r l y 1970s, the Temaiku bight area came under c o n t r o l l e d 
management through the c o n s t r u c t i o n of a causeway and channels to enclose 
300 ha of very shallow, poorly drained sand and sediment. Up to 100 ha of 
t h i s area i s now, or w i l l become, occupied by f i s h ponds, accessways, and 
other dead space. The o r i g i n a l concept of growing coconuts on t h i s r e 
claimed government land appears to have floundered due to the harsh and 
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v a r i a b l e environment ( i n t e r m i t t e n t f l o o d i n g , n u t r i e n t imbalance). The 
m a j o r i t y of the coconuts are c h l o r o t l c and are narrowing at the apex 
i n d i c a t i n g that low to n i l p r o d u c t i v i t y can be expected. At the same time 
there are numerous examples of both planted and self-seeded Casuarina that 
have grown v i g o u r o u s l y . The mission observed growth to 8-10 m height and 
DBH (diameter at breast height) 14 cm w i t h i n these years on higher bunds. 
The d e l i b e r a t e p l a n t i n g s of Casuarina e q u i s e t i f o l i a i n 1973/74 had mixed 
success, although the reasons e i t h e r f o r the f a i l u r e of some pl a n t i n g s or 
f o r the good success of the remaining stands have not been evaluated. Both 
uneven drainage and n u t r i e n t d i s t r i b u t i o n can be suspected. Allowing f o r 
t h i s uneven performance, i t i s unwise to a n t i c i p a t e more than 10 ODte/ha 
u n t i l a s c i e n t i f i c a l l y - d e t e r m i n e d management st r a t e g y i s developed. There
f o r e , the resource w i l l be assigned at 2,000 ODte/yr: the equivalent of 
about 1.5 GWh p.a. The mission s t r o n g l y recommends to the government a r e 
view of the development strategy f o r the Temaiku bight area to examine the 
establishment there of a n a t i o n a l fuelwood p l a n t a t i o n and the s i t e of a new 
wood-fueled power s t a t i o n . I t i s u n l i k e l y that income from coconuts on the 
bight w i l l exceed A$200/ha (gross) compared with a minimum of A$400/ha f o r 
fuelwood p l a n t a t i o n s . 

The Department of Works and Energy reported to the mission t h e i r 
d i f f i c u l t y i n d i s p o s i n g of waste m a t e r i a l s on B e t l o and B a i r l k l , I n c l u d i n g 
l e a f y matter, paper, p l a s t i c s , and the l i k e . We presume that there i s a l s o 
waste l u b r i c a t i n g o i l . These m a t e r i a l s are, i n f a c t , f u e l s which can be 
economically u t i l i s e d given appropriate c o l l e c t i o n , p r e p a r a t i o n , and 
conversion equipment. Serious c o n s i d e r a t i o n should be given to d e n s i f y i n g , 
by simple means, combustible residues for use i n steam generation, and the 
use of waste o i l there or i n the new baking ovens. 

4.1.5 Charcoal production. See s e c t i o n 4.1.3. 

4.1.6 Hydropower. N.A. 

4.1.7 Geothermal. N.A. 

4.1.8 Wind. In the G i l b e r t group, windspeeds are low and 
non-persistent. There Is an anemometer record i n g windspeed at 35 m height 
on B e t l o , although there i s some p o t e n t i a l f o r s u b j e c t i v e judgement i n the 
establishment of the r e c o r d . Since the cost of e l e c t r i c i t y i s so high, 
even i n the c a p i t a l , windspeeds which could not y i e l d economic power 
elsewhere may prove v i a b l e on the outer i s l a n d s of K i r i b a t i . Some records 
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should be e s t a b l i s h e d then f o r appropriate l o c a t i o n s I n the more populous 
but remote c e n t r e s . On Christmas I s l a n d , wind speeds are reported to be 
c o n s i s t e n t over much of the year. The mis s i o n was given a huge range of 
average wind speeds from d i f f e r e n t sources w i t h i n which the a c t u a l average 
must l i e : 4.3 M/sec to 11 m/sec. Wind e l e c t r i c generation systems have so 
f a r f a i l e d on Christmas Is l a n d a f t e r two to three years due to the 
extremely c o r r o s i v e humid s a l i n e atmosphere and poor maintenance. However, 
t h i s i s a m a t e r i a l science and management problem. The wind resource may 
w e l l c o n s t i t u t e a long-term power source f o r the i s l a n d . The m i s s i o n has 
ther e f o r e recommended the use of UNDP funds f o r the purchase of an 
anemometer and r e l a t e d monitoring f o r Christmas I s l a n d to e s t a b l i s h the 
wind record i n d e t a i l . 

4.1.9 S o l a r . There i s considerable scope f o r the economic use of s o l a r 
r a d i a t i o n i n K i r i b a t i . Already s o l a r energy i s used for copra d r y i n g , and 
the s o l a r s a l t i n d u s t r y i n Christmas I s l a n d i s s h o r t l y to be expanded to 
f u l l commercial s c a l e . A l s o , advanced s o l a r d r y i n g of copra occurs at the 
coconut o i l f a c i l i t y at the Ambo f i s h ponds. The commercial p o t e n t i a l i s 
l i m i t e d f o r the use of s o l a r e l e c t r i c i t y i n remote stand-alone systems f o r 
communication, l i g h t i n g , and medical r e f r i g e r a t i o n . S o l a r water heating to 
70° C i s already economical. There i s a need then f o r continued monitoring 
of s o l a r i n the G i l b e r t I s l a n d s group. The present record covers only two 
years. To date, the mean d a i l y average ranges from 18 MJ/m2 to 25 
MJ/m2. UNDP funds have been made a v a i l a b l e to improve the q u a l i t y and 
extent of the s o l a r record on K i r i b a t i i n cooperation with the New Zealand 
m e t e o r o l o g i c a l s e r v i c e . 

4.1.10 OTEC and wave energy. N.A. 

4.2 Medium and Large Power Systems 

4.2.1 Overview. Here power systems above 5 kW peak demand are 
considered. By t h i s c l a s s i f i c a t i o n , a l l power systems on Christmas I s l a n d 
are included as w e l l as the main power generation s t a t i o n on Tarawa. The 
range of indigenous energy sources with economic p o t e n t i a l f o r d i s p l a c i n g 
imported d i e s e l f u e l i n c l u d e wood, a g r i c u l t u r a l r e s i d u e s , coconut o i l , and 
wind. Based on the mission's present understanding, the economic use of 
wind i s r e s t r i c t e d to Christmas I s l a n d , although t h i s bears c o n f i r m a t i o n . 
Biomass power resources can be produced and converted throughout the 
i s l a n d s . 
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4.2.2 Hydropower. N.A. 

4.2.3 Combustible resources. The f i r s t impression of a c o r a l a t o l l i s 
that any l a r g e wood-fueled production system i s out of the question f o r 
land that i s both very scarce and, i n the case of the c a p i t a l , densely 
populated. However, the Impression i s i n f l u e n c e d by the convention that 
f o r e s t s are the b a s i s of woodfuel production. I t overlooks the coconut 
woodland completely. 

In 4.1, i t has been e s t a b l i s h e d that the s u s t a i n a b l e y i e l d of the 
coconut p l a n t a t i o n on Tarawa i s 4,861 ODte p.a., that coconut husk and 
s h e l l may be a v a i l a b l e there up to 940 ODte p.a., and that there i s 
p o t e n t i a l f o r growing fuelwood despite land c o n s t r a i n t s . The p r o p o r t i o n of 
the present power demand on Tarawa that these resources can meet i s p a r t l y 
a matter of the technology deployed and the p a t t e r n of i t s use. Two major 
options e x i s t : steam power or g a s i f i c a t i o n . Although the lower c a p i t a l 
c o s t s and the higher f u e l e f f i c i e n c y of wood g a s i f i c a t i o n are very 
appealing i n the circumstance of K i r i b a t i , not enough i s known of the 
sustained operation of g a s i f i e r s i n response to t y p i c a l u t i l i t y demands to 
recommend t h e i r use with confidence. 

4.2.4 G a s i f i e r s . The mission i s not prepared to endorse the use of 
l a r g e g a s i f i e r s where they are to be r e l i e d on to serve v i t a l demands and 
where s u p e r i o r economic performance i s dependent on a greater than 50 
percent plant f a c t o r with e f f i c i e n t o p e r a t i o n . For the moment, the 
e f f i c i e n t use of gas fed i n t o a d i e s e l engine not made with dual f u e l 
c a p a c i t y i s not guaranteed. The purchase of dual f u e l e n g i n e s — g e n e r a t o r s 
and matched g a s i f i e r s — d o e s not b r i n g s i g n i f i c a n t savings over the steam 
power a l t e r n a t i v e . However, i t can be r e l i e d upon f o r sustained generation 
w i t h a wide range of feedstocks. The mission has t h e r e f o r e chosen only to 
analyse the steam power o p t i o n , and on the basis of costs and a v a i l a b i l i t y , 
has s e l e c t e d steam turbines r a t h e r than r e c i p r o c a t i n g engines f o r the 
Tarawa s i z e of o p e r a t i o n . 

The mission advised the DWE not to proceed w i t h small (10-20 kW) 
wood g a s i f i e r s i n the outer i s l a n d s u n t i l f u r t h e r experience has been 
gained i n the region as a r e s u l t of the present r e g i o n a l energy a i d 
programs. Small systems (10 kW/25 kW) that have reputedly been proven i n 
t h e i r country of o r i g i n (the P h i l i p p i n e s and New Zealand) have not operated 
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w e l l where they have been tested i n the P a c i f i c (Papua New Guinea and 
Vanuatu) and cannot be regarded yet as commercial or r e l i a b l e . There Is 
merit i n p e r s i s t i n g w i t h s m a l l charcoal g a s i f i e r s f o r outer i s l a n d 
communities since t h i s feedstock can be r e a d i l y made homogenous i n s i z e , 
moisture content, and composition and solve many of the problems of small 
wood g a s i f i e r s * I t i s l i k e l y that an a i d donor w i l l mount the longer-term 
f i e l d t r i a l s of improved s m a l l g a s i f i c a t i o n technology In 1983, and Papua 
New Guinea i s now proceeding at the 25 kW l e v e l with modern German 
g a s i f i c a t i o n technology. The mission therefore advises the government to 
maintain a watching b r i e f on the progress of these demonstrations of very 
s m a l l g a s i f i e r s and w i l l a l s o host a UNDP r e g i o n a l workshop on g a s i f i c a t i o n 
f o r 1985 to review the performance of t h i s technology to that time. 

4.2.5 Steam power systems. The mission proposes the p a r a l l e l 
development of a new steam power s t a t i o n of the Temaiku bight reclamation 
area, as w e l l as an expanded and acc e l e r a t e d coconut r e p l a n t i n g and wood 
and waste c o l l e c t i o n system f o r Tarawa as a whole. In Appendix 4.2.5(a), 
the economics of generation from a simple 1 MW (2 x 0.5 MW) low-pressure 
steam tu r b i n e power system are provided. Units of 0.5 MW have been 
nominated because 75 percent of the energy can be generated w i t h a f i r m 
c a p a c i t y of 0.5 MW; and with good maintenance scheduling, the peak load of 
800 kW w i l l be able to be met f o r up to one-half of the time w i t h the two 
u n i t s o n - l i n e . Thus t h i s power system should meet about 85 percent of the 
demand f o r energy, w i t h the d i e s e l s p r o v i d i n g peaking and stand-by c a p a c i t y 
as r e q u i r e d . A t h i r d 0.5 MW u n i t can be i n s t a l l e d to provide 1 MW f i r m as 
i t becomes economical. Although i f c o r r e c t p r i c i n g i s a p p l i e d to the 
e l e c t r i c i t y i n t h i s short term and i f appropriate measures are taken to use 
e l e c t r i c i t y more e f f i c i e n t l y (see 4.4, 4.6 and 7.2), power demands should 
not grow s u b s t a n t i a l l y before 1985. (Indeed, the peak has f a l l e n 100 kW 
sinc e 1980.) The t o t a l i n s t a l l e d cost of the i n s t a l l a t i o n i s A$1.58 
m i l l i o n and the present value u n i t cost of production i s 13.3 cents/kWh. 
This compares w i t h a f u e l cost alone f o r d i e s e l generation of 18.6 
cents/kWh. Fuel handling equipment w i l l not Include c h i p p i n g or loggi n g 
s i n c e bulk lumpy m a t e r i a l i s proposed as f u e l w i t h only semi-automated 
l o a d i n g (a la r g e s u r g e - b i n ) . The cost of t h i s f u e l handling system should 
cover the cost of barges to bring coconut logs from northern Tarawa as w e l l 
as by road from southern Tarawa, as w e l l as f o r the appropriate system of 
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docking, s p l i t t i n g , and conveying required i n the f u e l yard. The cost of 
production includes a p r i c e f o r coconut logs of A$20 d e l i v e r e d , which 
should not be s u b s t a n t i a l l y l e s s than A$10/tree c l e a r . Even at A$5/tree to 
the owner, t h i s would be a s u b s t a n t i a l boost to a r e p l a n t i n g program. I t 
should be noted that i n order to s a t i s f y 85 percent of the current energy 
needs w i t h a wood- and w a s t e - f i r e d steam t u r b i n e - a l t e r n a t o r system, a l l of 
the s e n i l e coconuts harvested annually f o r a 60-year r o t a t i o n w i l l be 
r e q u i r e d , as w e l l as 2,565 ODte of Casuarina sp, with or without surplus 
husk and s h e l l . Casuarina wood of t h i s order could be obtained from Temaiku 
bight i f 15 ODte/ha/yr y i e l d s were obtained or at 10 ODte/ha/yr y i e l d 
(which i s very low f o r short r o t a t i o n fuelwood p l a n t a t i o n s i n the t r o p i c s ) 
from Temaiku b i g h t . A t o t a l of 57 ha of a d d i t i o n a l leasehold land should 
achieve t h i s l e v e l of f u e l production. The important f i n d i n g i s that o l d 
coconut stems from Tarawa alone could provide 55 to 60 percent of the 
present e l e c t r i c a l energy demand. 

The mission therefore s t r o n g l y encourages the government t o : 

(a) confirm w i t h the A g r i c u l t u r e D i v i s i o n the data r e l a t i n g to 
the coconut population on Tarawa, the p r a c t i c a l i t y of t r a n s 
p o r t i n g logs from northern Tarawa, and the c l o s e i n t e g r a t i o n 
of coconut r e p l a n t i n g and l o g h a r v e s t i n g on Tarawa, 

and should these f i n d i n g s be p o s i t i v e to: 

(b) proceed immediately to design and cost both the Temaiku 
bight power s t a t i o n and the fuelwood p l a n t a t i o n there In 
place of the coconut crop. (Note that the e x i s t i n g coconut 
crop i s i t s e l f a fuelwood resource.) 

I t i s the view of the mission that the steam power s t a t i o n i s 
l i k e l y to be a p r a c t i c a l a l t e r n a t i v e w i t h a t t r a c t i v e side b e n e f i t s and that 
funding should be a v a i l a b l e from b i l a t e r a l donors. The mission has 
arranged with SPEC f o r the funding of a review of the timber a v a i l a b i l i t y 
needed f o r (a) above and of the Temaiku bight and p u b l i c lands fuelwood 
prospect. This was to proceed during October 1982. 

Steam engines are renowned as a robust and simple technology even 
i f r e l a t i v e l y i n e f f i c i e n t . The mission b e l i e v e s t h i s technology to be 
i d e a l l y s u i t e d to remote power production, provided there i s ample cheap 
f u e l and a reasonable l e v e l of t e c h n i c a l back-up and s k i l l e d maintenance. 
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The power system on Christmas I s l a n d Is remarkable In i t s d i v e r s i t y of both 
standards and equipment dispersed between P a r i s , London, Banaba, the 
a i r p o r t , and other generation centres- The i s l a n d has at l e a s t 2,200 ha of 
very aged coconut p l a n t a t i o n s , and at l e a s t some part of the copra 
h a r v e s t i n g produces c e n t r a l i s e d p i l e s of surplus husk and s h e l l . In 1978, 
Merz and McLellan, c o n s u l t i n g engineers completed a report on the power 
supply system f o r Christmas I s l a n d . The o p t i o n f o r f u t u r e power system 
development that the government accepted was f o r a combination of 
c e n t r a l i s e d and d e c e n t r a l i s e d generation, acknowledging the high cost of 
connecting very remote loads at Poland and Artemia. In the f i r s t i n s t a n c e , 
the cost of transmission to London and Decca i s a l s o too expensive, 
although the connection of t h e i r load i s the l o g i c a l f i r s t extension. Thus 
the m i s s i o n has addressed a l e v e l of 80-100 kVa maximum c o i n c i d e n t demand 
at the H o t e l , Banaba, and the a i r p o r t . One-half of the h o t e l load has 
been, or w i l l soon be, reduced through conversion of water heating to 
s o l a r . Further reductions i n demand can r e s u l t with more e f f i c i e n t a i r 
c o n d i t i o n i n g , thermostatic c o n t r o l , and i n s u l a t i o n . S e n s i t i v e use of cross 
v e n t i l a t i o n , roof I n s u l a t i o n , and shading should a l l e v i a t e the need for a i r 
c o n d i t i o n i n g i n the new room u n i t s planned f o r the h o t e l . In t h i s 
circumstance, the mission considers a 100 kVa steam engine generator to be 
adequate to meet the near-term l o a d , w i t h a second u n i t to be added as 
demand grows. The maximum annual wood f u e l use of the steam engine system 
i s 1200 ODte compared with the sustained y i e l d of the coconut p l a n t a t i o n of 
2390 ODte p.a. 

The mission t h e r e f o r e recommends the use of the funds f o r the 
purchase and i n s t a l l a t i o n of a steam engine or t u r b i n e generator set to 
feed the hotel-Banaba-Alrport g r i d . The nominal s i z e i s 100 kVa, although 
design s t u d i e s w i l l be i n i t i a t e d as soon as formal approval for the a i d i s 
obtained. The c o s t s of production of t h i s system are estimated i n Appendix 
4.2.5(b) as 28 cents/kWh f o r the steam tu r b i n e system and 29 cents/kWh for 
the steam engine. I t may be a d v i s a s b l e to use the steam-turbine system to 
g a i n d i r e c t operating experience f o r the l a r g e r u n i t s planned f o r Tarawa. 

4.2.6 Coconut o i l i n d i e s e l engines. The other p o t e n t i a l l y a t t r a c t i v e 
o p t i o n for power generation on K i r i b a t i i s the use of coconut o i l i n a 
blend of up to 50/50 w i t h d i e s e l i n the slow revving d i e s e l engines at the 
Betio power house. The b a s i c economics of coconut o i l production on B e t i o 
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are o u t l i n e d i n Appendix 4.2.6. Using the mission's estimate of the 
economic p r i c e f o r copra on B e t i o of A$191.60/te, the production costs f o r 
o i l are 52 c e n t s / l i t r e at the s c a l e of 48,000 l i t r e / y r . Small reductions 
i n p r i c e occur i f cheaper Chinese or Indian o i l e x p e l l i n g equipment and up 
to four s h i f t s are engaged to expand the l e v e l of production; however, the 
p r i c e of copra dominates the economics. Should t h i s option prove 
t e c h n i c a l l y v i a b l e , i t I s recommended that whole nut h a r v e s t i n g be 
i n v e s t i g a t e d f o r o i l production, whereby o i l i s produced from green meat 
and a c r e d i t i s a v a i l a b l e f o r surplus husk, and s h e l l which can be s o l d f o r 
power production and thereby lower the o v e r a l l p r i c e f u r t h e r . O i l at 52 
c e n t s / l i t r e r e q u i r e s a by-product c r e d i t of A$170/te of copra meal to 
break-even i n f i n a n c i a l terms. We are impressed by the prospect of 
achieving a true l o c a l value f o r copra meal of t h i s l e v e l based on I t s use 
fo r p o u l t r y and p i g production i n e f f i c i e n t modern, though s m a l l - s c a l e 
i n d u s t r i e s . Research s t a f f at the Centre of Resource and Environmental 
Studies, A u s t r a l i a n N a t i o n a l U n i v e r s i t y , have undertaken a desk study of a 
"minimum cost—minimum import" balanced high q u a l i t y d i e t f o r p o u l t r y and 
pork production using copra meal as the b a s i s . The r e s u l t s w i l l be 
included i n the r e g i o n a l overview of the energy mission's f i n d i n g s . The 
mission urges the government to give serious c o n s i d e r a t i o n to small 
i n t e n s i v e pig and p o u l t r y i n d u s t r i e s i n p a r a l l e l to the copra m e a l / f i s h 
food i n d u s t r y a t Ambo ponds i n t e g r a t e d with coconut o i l f u e l production. 
F i n a l l y cooperation has been arranged between SPEC, USP, and the P u b l i c 
U t i l i t i e s Board (PUB) to supervise and monitor the use of blends of coconut 
o i l and d i e s e l i n the o l d 300 kW (NPR), 750 rpm, E n g l i s h e l e c t r i c d i e s e l 
generators on B e t l o , and recommends the a s s i s t a n c e of the Department of 
Works and Energy (DWE) i n ensuring s a t i s f a c t o r i l y long and c a r e f u l l y 
monitored t r i a l s . 

4.2.7 Wind energy. In the resource overview (4.1), we commented on the 
p o t e n t i a l f o r w i n d - e l e c t r i c generation on Christmas I s l a n d being clouded by 
l a c k of knowledge of the true resource. In Appendix 4.2.7, the costs of 
production of wind power are shown for the range of 4.3 m/s to 11 m/s, the 
extremes of which the mission was appraised. Only a f i v e - y e a r l i f e has 
been given to the 10 kW system analysed due to the experience of the 
probably poorly t r o p i c a l i s e d wind system a p p l i e d there i n the 1970s- The 
present value u n i t costs range from 13 A cents to A$2.26 per kWh, a t t e s t i n g 
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g r a p h i c a l l y to the importance of a good resource assessment and the 
s e n s i t i v i t y of wind power resources to only small d i f f e r e n c e s i n average 
wind speed. 

4-2.8 Geothermal. N.A. 

4.2.9 Biogas. N.A. 

4.2.10 A l t e r n a t i v e petroleum f u e l s . N.A. 

4.3 Small Power Systems 

4.3.1 Overview. Here we report on the l o c a l a l t e r n a t i v e s to imported 
communication technology, medical r e f r i g e r a t i o n , and other small motorised 
a p p l i a n c e s • 

4.3.2 P h o t o v o l t a i c c e l l s . The use of s u n l i g h t to produce e l e c t r i c i t y 
through p h o t o v o l t a i c conversion has become economical i n comparison with 
the q u i t e extreme cost of e q u i v a l e n t kerosene or benzine l i g h t i n g i n 
communities w e l l away from the main ports of petroleum supply where 
kerosene costs more than 50 A c e n t s / l i t r e . For example, i n the Cook 
Islands a t Raratonga, the cost of kerosene i s 54 A c e n t s / l i t r e r e t a i l (June 
1982), and the cost per night of two l a r g e lamps used f o r four hours each 
i s A61cents compared w i t h 33 A cents for the same l i g h t i n g from a PVC k i t 
of b a t t e r y , panel, r e g u l a t o r , and 2 x 13 W f l u o r e s c e n t tubes p r o v i d i n g 
e q u i v a l e n t l i g h t i n g (see Cook Islands r e p o r t ) . The p r i c e of kerosene 
r e t a i l on Tarawa i s 60 A c e n t s / l i t r e and on the outer Islands 20 A cents to 
A $ l / l l t r e , c l e a r l y j u s t i f y i n g the use of l i g h t i n g systems. A PVC 
communication system of 100 w (average) i s being i n s t a l l e d under a i d f o r 
the K i r i b a t i Government ground-to-air, a i r t r a f f i c guidance systems; and 
the government already has i n i t s store PVC k i t s w i t h a 33 W (peak) panel, 
120 ah b a t t e r y and r e g u l a t o r , and f l u o r e s c e n t l i g h t s f o r A$618. This i s 
l e s s than 10 percent above the Cook Islands p r i c e , provided the government 
does not change the 30 percent duty which i s the levy under the present 
p o l i c y on e l e c t r i c a l goods. The mission urges the government to waive t h i s 
duty and to mount a programme through the N a t i o n a l Loans Board (NLB) to 
f i n a n c e , over f i v e years, the purchase by v i l l a g e r s who are remote from the 
g r i d supply of PVC l i g h t i n g systems. The mission regards t h i s step as a 
means of improving the q u a l i t y of l i f e i n the outer i s l a n d s as w e l l as 
reducing, i n a small way, petroleum imports. I t i s obvious both from the 
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records of supply and from r e l i a b l e sources that kerosene, other petroleum 
products, and dry c e l l b a t t e r i e s are f r e q u e n t l y u n a v a i l a b l e on the outer 
i s l a n d s and that u n o f f i c i a l p r i c e s reach extremes si n c e s u p p l i e s are 
s h o r t . PVC l i g h t i n g w i l l a l l e v i a t e t h i s problem. F i n a l l y , the mission 
endorses the use of EEC funds f o r a demonstration PVC-powered medical 
centre on a remote i s l a n d i n c l u d i n g small r e f r i g e r a t o r s , l i g h t s , and 
communication. 

4.3.3 Wind energy. While the wind resource may be marginal by most 
standards, i t i s c l e a r that PVC e l e c t r i c i t y i s very expensive even i f 
cheaper than kerosene l i g h t i n g . Costs per kWh ( d e l i v e r e d ) of A$3-A$4 can 
be expected of small PVC systems f o r the next four to f i v e years i n 
K i r i b a t i . Against these c o s t s , small w i n d - e l e c t r i c systems of 100-300 
wa t t s 1 peak using l o c a l d i u r n a l sea breezes may be economical. I t i s w i t h 
t h i s prospect i n mind that the mission has p r o v i s i o n a l l y a l l o c a t e d funding 
under the UNDP Regional Energy Programme f o r the Cook Islands and USP to 
f u r t h e r r e f i n e and commercialise w i n d - e l e c t r i c generators of up to 300 w 
peak during the 1983-86 p e r i o d . I t i s recommended that the DWE f o l l o w t h i s 
p r o j ect performance c l o s e l y . 

4.3.4 Hydropower. N.A. 

4.3.5 G a s i f i e r s . N.A. 

4.3.6 Coconut o i l i n engines. N.A. 

4.4 Industry and Commerce 

4.4.1 Overview. I n d u s t r i a l development i n K i r i b a t i i s very l i m i t e d 
and, apart from f i s h i n g , i s c e r t a i n l y not energy I n t e n s i v e . Here we are 
concerned w i t h heat and. steam r a i s i n g I n c l u d i n g water heating and cooking. 
The government i s e i t h e r d i r e c t l y or i n d i r e c t l y the owner of a l l 
s u b s t a n t i a l energy users i n the c o m m e r c i a l - i n d u s t r i a l s e c t o r , such as the 
h o t e l , the boarding schools, and the h o s p i t a l , and the a c t i v i t i e s of the 
K i r i b a t i Co-operative Wholesale Society (KCWS) which may soon i n c l u d e a 
large bakery on B e t i o . In t h i s rather simple energy economy, the 
government can act to g r e a t l y i n f l u e n c e the more economically r a t i o n a l use 
of l o c a l energy sources since the o p p o r t u n i t i e s f o r , and b e n e f i t s o f , 
change are c l e a r l y e s t a b l i s h e d . S u r p r i s i n g l y , o p p o r t u n i t i e s f o r the use of 
cheaper l o c a l l y a v a i l a b l e energy forms are c o n s i d e r a b l e . 
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4.4.2 G a s i f i e r s / h o t a i r generators. N.A. 

4.4.3 Food i n d u s t r i e s . N.A. 

4.4.4 S o l a r water h e a t i n g . There i s no j u s t i f i c a t i o n f o r the use of 
e l e c t r i c or gas water heating i n l a r g e i n s t i t u t i o n s such as the l o c a l 
h o t e l , h o s p i t a l , and boarding s c h o o l . While the design of e f f e c t i v e and 
r e l i a b l e i n d u s t r i a l - s c a l e s o l a r systems may be somewhat complex, the 
b e n e f i t s are huge w i t h paybacks of between one year and three years 
depending on the i n s t a l l a t i o n . The key f a c t o r i n d e c i d i n g to outlaw f o s s i l 
fuel-based systems i s whether wood or s o l a r should be the f u e l of f u t u r e 
hot water systems. I f , as we recommend below, wood or c h a r c o a l - f u e l e d slow 
combustion stoves are i n s t a l l e d , i t i s l o g i c a l f o r them to have water 
heating incorporated and to d i s t r i b u t e the hot water as f a r as p o s s i b l e . 
However, there are c e r t a i n l y detached h o t e l rooms, wards, and other 
accommodation blocks where s o l a r water heating would be the most convenient 
a l t e r n a t i v e . In the K i r i b a t i c l i m a t e , the m i s s i o n sees no need to provide 
fo r e l e c t r i c a l heating of s o l a r systems. I f boosting i s r e q u i r e d , a small 
wood-water b o i l e r stove can be incorporated i n the system to cover 
e x c e s s i v e l y cloudy days. The mission has arranged through UNDAT/ESCAP f o r 
the d e t a i l e d design and c o s t i n g of a s o l a r hot water system to meet a l a r g e 
i n d u s t r i a l / c o m m e r c i a l demand on K i r i b a t i . Work was to proceed on t h i s 
p r o j e c t during November/December 1982. 

4.4.5 Wood and c h a r c o a l stoves. Cooking i s c u r r e n t l y w i t h e l e c t r i c i t y 
i n the boarding school on South Tarawa and at the h o s p i t a l and these are, 
r e p e c t i v e l y , the f i r s t and second biggest consumers of PUB power i n 
K i r i b a t i . There i s no economic j u s t i f i c a t i o n f o r the use of e l e c t r i c i t y 
f o r cooking at costs of 36 A cents/kWh. We estimate that the f u e l cost of 
cooking i n a s o l i d - f u e l e d slow combustion stove i s 13 percent to 15 percent 
that of e l e c t r i c i t y and one-quarter that of LPG f o r cooking. Charcoal 
produced on the outer is l a n d d s from coconut s h e l l and wood and r e t a i l e d i n 
Tarawa f o r A$250/te i s about one-quarter the cost of e l e c t r i c i t y and 40 
percent of the cost of LPG f o r cooking. Charcoal can be used i n s o l i d f u e l 
i n s t i t u t i o n a l cookers designed f o r c o a l . One such c h a r c o a l stove and oven, 
i n c l u d i n g a hot water system, c o s t s A$2,900 FOB Melbourne and i s rated as 
c a t e r i n g f o r 100 persons per meal f o r bulk cooking and 50 persons 
i n d i v i d u a l l y . The d a i l y f u e l consumption f o r t h i s stove i s 30kg charcoal 
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f o r f u l l s e r v i c e I n c l u d i n g water heating. A simple demonstration of the 
f i n a n c i a l savings of t h i s a l t e r n a t i v e would be the conversion of KGV (King 
George V) school k i t c h e n s . I f one-half of the A p r i l 1982 e l e c t r i c i t y b i l l 
f o r KGV was f o r cooking, i f t h i s r a t e of consumption i s maintained f o r ten 
months of the year, and i f the true cost of e l e c t r i c i t y i s used, the DWE 
could purchase, i n s t a l l , and operate these four s o l i d - f u e l e d slow 
combustion stoves on charcoal at A$250/te f o r one year f o r about one-half 
the f u e l cost of e l e c t r i c cooking and provide the bulk of the school's hot 
water requirements f o r the same c o s t . The mission urges the government to 
convert a l l i n s t i t u t i o n s w i t h i n i t s c o n t r o l over to s o l i d - f u e l e d stoves as 
soon as i s f i n a n c i a l l y p o s s i b l e . This w i l l i n v o l v e some redesign of the 
kitchens f o r improved v e n t i l a t i o n and f u e l handling, although the r a d i a n t 
heat load from modern slow combustion stoves i s not excessive s i n c e heat i s 
d i r e c t e d c a r e f u l l y to cooking surfaces which can be damped when not i n use. 
The mission has recommended the use of UNDP funds to provide a 
demonstration modern i n d u s t r i a l s i z e slow combustion stove with water 
heating. These funds w i l l be a v a i l a b l e e a r l y i n 1983 as part of the 
K i r i b a t i component of the r e g i o n a l fuelwood, c h a r c o a l , and s o l i d - f u e l e d 
stove program adopted by UNDP. 

Charcoal as an i n d u s t r i a l cooking f u e l i s w e l l s u i t e d to the 
s i t u a t i o n that the mission sees as emerging i n K i r i b a t i and i t s production 
may be of unique b e n e f i t to r u r a l development. We see a steam power system 
as v i a b l e i n Tarawa and have urged an immediate s t a r t to r e f i n i n g that 
o p t i o n . I t s development w i l l mean, l o g i c a l l y , the use of a l l c e l l u l o s i c 
residues and wood f o r power generation, i n c l u d i n g urban refuse. Power 
generation w i l l become the prime economic use for t h i s m a t e r i a l . The vast 
coconut and other wood resources of the outer i s l a n d s are not economically 
a c c e s s i b l e to the Tarawa market unless they are concentrated. 
C a r b o n i z a t i o n can achieve t h i s c o ncentration f o r at l e a s t some p o r t i o n of 
these biomass f u e l s . 

There i s v a s t l y more dense woody m a t e r i a l s such as coconut s h e l l s 
than can be u t i l i s e d as charcoal i n Tarawa. Even so, the urban c h a r c o a l 
market, both f o r commerce/industry and f o r households, i s a s i g n i f i c a n t and 
p o t e n t i a l l y growing market which could provide a u s e f u l income f o r outer 
i s l a n d communities. In Appendix 4.4.5, we have estimated the cost of 
charcoal production on the outer i s l a n d s against a d e s i r a b l e r e t a i l p r i c e 
of A$250/te i n Tarawa and have found i t to be a f i n a n c i a l l y v i a b l e 
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p r o p o s i t i o n . Charcoal i s already produced i n the outer i s l a n d s f o r 
domestic i r o n i n g . In 1981, KCWS arranged f o r the shipment to Tarawa of 
se v e r a l container loads of coconut s h e l l c h a r c o a l , although t h i s c harcoal 
d i d not s e l l s i n c e no market had been prepared. I t was, nev e r t h e l e s s , a 
u s e f u l demonstration that the produce i s a v a i l a b l e on demand. Apart from 
slow-combustion stoves s p e c i f i c a l l y designed for c h a r c o a l ( i n f a c t f o r 
c o a l ) , most slow-combustion stoves can take both wood and c h a r c o a l . In 
a d d i t i o n , the Papua New Guinea Energy Planning Unit has developed e x c e l l e n t 
c h a r c o a l - f u e l b o i l e r s and l a r g e charcoal g r i l l s . Samples of these 
technologies can be purchased f o r K i r i b a t i under the UNDP Regional Energy , 
Programme, i f d e s i r e d . The mission has a l s o arranged i n 1983 f o r a 
s p e c i a l i s t to demonstrate more e f f i c i e n t techniques of production of good 
q u a l i t y c h a r c o a l using 200 1 o i l drums or l a r g e r k i l n s s i n c e f o r the 
present p i t method i s very i n e f f i c i e n t and produces charcoal of low 
q u a l i t y . 

The only s i g n i f i c a n t h e a t - r a i s i n g i n d u s t r y apart from the above i s 
i n commercial bakeries such as the one to be re-opened w i t h i n the year on 
Betio w i t h KCWS as the p r o p r i e t o r s . Standard d l e s e l - f i r e d ovens should be 
able to be f i t t e d w ith e f f i c i e n t wood-fired h o t - a i r generators producing 
c l e a n burned gases at 1,300°C, for exchange with oven a i r . D i e s e l - f i r e d 
ovens are u n i v e r s a l i n the P a c i f i c ; hence the mission has mounted a 
programme under UNDP funding to match e x i s t i n g small h o t - a i r generators to 
bakeries i n Western Samoa and Tonga during 1983/84. K i r i b a t i w i l l be a 
b e n e f i c i a r y of t h i s h o t - a i r generator program should i t l i v e up to 
expectations• 

4.4.6 Crop d r y i n g . N.A. 

4.4.7 Other. N.A. 

4.5 T r a n s p o r t a t i o n 

4.5.1 Overview. The mission i s here concerned only w i t h l o c a l l y 
a v a i l a b l e energy sources which might conceivably provide an economic 
s u b s t i t u t e f o r ground and marine tr a n s p o r t f u e l s . Coconut o i l o f f e r s the 
only r e a l s u b s t i t u t e f o r l i q u i d petroleum f u e l s i n e i t h e r s e c t o r , although 
s a i l - a s s i s t e d marine t r a n s p o r t a t i o n i s an important c o n s i d e r a t i o n . Other 
prospects e x i s t on a small s c a l e , such as the use of producer gas i n road 
v e h i c l e s , as i s now being promoted on a commercial s c a l e i n the 
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P h i l i p p i n e s . Here the mission recommends simply f o r the K i r i b a t i energy 
planners to keep ahead of promising and w e l l proven developments with the 
a s s i s t a n c e of the r e g i o n a l energy agencies of SPEC and UNDP. 

4.5.2 Ethanol f u e l s . N.A. 

4.5.3 Coconut o i l i n d i e s e l engines. The economies of coconut o i l 
production have been e s t a b l i s h e d In broad o u t l i n e i n Appendix 4.2.6. The 
f i n a n c i a l v i a b i l i t y of the a l t e r n a t i v e i s dependent l a r g e l y on the s a l e of 
copra meal by-product at a f a i r p r i c e , almost double the export p r i c e . The 
mission w i l l t r y to e s t a b l i s h the economic p r i c e of copra meal i n P a c i f i c 
c o u n t r i e s , although i t seems l i k e l y that I t equals or approaches the 
f i n a n c i a l break-even p r i c e required i n K i r i b a t i . F o r t u n a t e l y , K i r i b a t i has 
good operating experience with an o i l e x p e l l i n g system which can 
comfortably produce up to 100,000 l i t r e s of o i l per year (on a s h i f t work 
b a s i s ) . S c a l i n g up t h i s technology and coupling the meal production with 
i n t e n s i v e animal production, i n a d d i t i o n to f i s h farming, would be the next 
phase of development r e q u i r e d . The use of coconut o i l as a road or marine 
d i e s e l t ransport f u e l should await the outcome of t r i a l s on the 750 rpm, 
300 kW d i e s e l engines i n the K i r i b a t i power house now being promoted to PUB 
by SPEC and USP. Success w i t h these t r i a l s can lead to the use of blends 
of up to 50/50 o i l and d i e s e l i n l a r g e r trucks and marine v e s s e l s , again 
monitored c l o s e l y , i n t h i s Instance by DWE. There i s some optimism that 
the use of blends i n l a r g e r slow-revving engines w i l l prove t e c h n i c a l l y 
v i a b l e . Hence, the mission urges the government to press ahead w i t h the 
PUB power s t a t i o n t r i a l s and to undertake p r e l i m i n a r y planning with the 
a g r i c u l t u r e d i v i s i o n regarding the o r g a n i s a t i o n of the coconut o i l 
production and copra meal animal feed Industry. 

4.5.4 Biogas. N.A. 

4.5.5 Producer gas. N.A. 

4.5.6 Wind energy. Wind power for marine v e s s e l s i s already 
e s t a b l i s h e d as the basis of t r a d i t i o n a l communication and trade i n the 
P a c i f i c . Small f i s h i n g canoes s t i l l r e l y h e a v i l y on wind power i n 
K i r i b a t i . More r e c e n t l y , the K i r i b a t i marine t r a i n i n g school has purchased 
an a l l - s a i l v e s s e l f o r t r a i n i n g purposes which i s a commendable move away 
from t o t a l preoccupation with d i e s e l powered v e s s e l s . This mission 
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b e l i e v e s there i s a good prospect f o r s a i l a s s i s t a n c e on l a r g e I n t e r - i s l a n d 
c r a f t and recommends the use of UNDP funds for a b r i e f review of the 
s t a t e - o f - t h e - a r t i n the design and commercialisation of modern s a i l power 
i n commercial use. I t i s d i f f i c u l t to imagine a more economically 
favourable l o c a t i o n f o r wind power than K i r i b a t i , w i t h both high c o s t s of 
d i e s e l and moderate sea breezes i n major trade routes out of the i s l a n d 
group to other c e n t r e s . I t i s recommended that the energy planner seek the 
a s s i s t a n c e of the marine t r a i n i n g school s t a f f i n examining f u r t h e r the 
prospect of commercial u t i l i s a t i o n of wind power i n marine t r a n s p o r t a t i o n . 

4.6 Households 

4.6.1 Overview. In t h i s s e c t i o n , we deal with cooking, water heati n g , 
and i r o n i n g . L i g h t i n g i s e i t h e r with e l e c t r i c i t y or kerosene. E l e c t r i c 
l i g h t i n g i s c l e a r l y cheaper and i s g r a d u a l l y becoming a v a i l a b l e to a l l 
v i l l a g e areas i n South Tarawa as a r e s u l t of more extensive r e t i c u l a t i o n 
between main centres of consumption between B a i r i k l and Bikenibeu. 

4.6.2 P a t t e r n s of energy use. Cooking f u e l s vary depending on the 
q u a l i t y of the house and cooking f a c i l i t i e s that were i n s t a l l e d at 
c o n s t r u c t i o n . Upper-income f a m i l i e s , b a s i c a l l y the e x p a t r i a t e s i n the 
government or quasi-government s e r v i c e , and a very few I - K i r i b a t i , cook 
w i t h e l e c t r i c i t y or gas with the o c c a s i o n a l wood barbeque as the exception. 
On the b a s i s of the c l a s s of government homes served by e l e c t r i c i t y and the 
average monthly consumption, i t i s l i k e l y that about 100 to 150 houses have 
e l e c t r i c stoves and ovens. 

A f u r t h e r 150 or so more probably have o c c a s i o n a l use of other 
e l e c t r i c a l appliances f o r cooking, such as frypans, e l e c t r i c jugs, and the 
l i k e . However, these households appear to use kerosene as t h e i r main 
cooking f u e l . I t i s p o s s i b l e that up to another 400 f a m i l i e s cook w i t h 
kerosene much of the time, but use coconut residues f o r longer cooking 
sessions and f e a s t s . The remaining 2,000 or so households on southern 
Tarawa use coconut residues e x c l u s i v e l y f o r cooking f u e l s . Kerosene 
cooking i s used from time to time i n the outer i s l a n d s , although mostly as 
a s t a t u s symbol and a novelty. Kerosene i s mostly used for l i g h t i n g i n 
these l o c a t i o n s and the t o t a l volumes d e l i v e r e d are so small as to make 
kerosene cooking i n s i g n i f i c a n t i n p r o p o r t i o n to t o t a l f u e l use i n cooking. 
Cooking i n the houses that use wood or coconut f u e l only Is e x c l u s i v e l y 
with open f i r e s . 



35 

The main f u e l sources are l e a f y matter and the c a l y x of the 
coconut palm and the husk and s h e l l of the coconut. Coconut wood i s r a r e l y 
used as a f u e l since i t presents d i f f i c u l t y i n processing without 
mechanisation. I t i s worthy of note, however, that coconut wood appears to 
dry q u i c k l y on Tarawa and can be adopted as a f u e l i f r e q u i r e d . 

4.6.3 Wood and charcoal stoves. Modern slow-combustion stoves are 
c e r t a i n l y able to replace e l e c t r i c and gas cooking i n the higher standard 
houses of K i r i b a t i . The range of p r i c e s , i n c l u d i n g b u i l t - i n hot water 
systems and ovens, that the mission has obtained i s A$800-A$2,200 depending 
somewhat on s i z e , s o p h i s t i c a t i o n of c o n t r o l s , f i n i s h , and d i s t r i b u t i o n of 
heat s o l e l y to the cooking surface. Very s o p h i s t i c a t e d , a t t r a c t i v e , and 
compact slow-combustion stoves with the above features are a v a i l a b l e f o r 
A$l,300 FOB Sydney. These stoves are compatible w i t h the c o o l i n g and water 
heating requirements of upper-income f a m i l i e s . Modern e l e c t r i c stoves cost 
from A$600-A$l,000, and e l e c t r i c hot. water systems cost A$300-A$400 f o r a 
200-300 l i t r e c a p a c i t y . When b u i l t i n t o new homes, then, the cost of a 
s o l i d - f u e l e d stove system i s not much more expensive than an e l e c t r i c 
stove, oven, and water heating system. Obviously, the kitchens of e x i s t i n g 
homes w i l l have to be remodelled to maximise v e n t i l a t i o n and to exhaust the 
a d d i t i o n a l heat load. A l s o , convenient f u e l storage and handling bins 
should be provided. Slow-combustion stoves have been used i n the P a c i f i c 
f o r decades and were standard p r i o r to widespread e l e c t r i f i c a t i o n . In 
a p p r o p r i a t e l y designed homes, they are p e r f e c t l y acceptable a p p l i a n c e s . 
Appendix 4.6.3 provides a comparative cost of LPG e l e c t r i c , wood, and 
charcoal cooking to serve as a guide. Fuel f o r a slow-combustion stove 
w i l l , i n f a c t , be one to two tonnes of wood per year c o s t i n g A$40-$80, or 
A$75-$150 f o r c h a r c o a l , a l l of which would go to a smallholder firewood or 
charcoal entrepreneur and stay l h the K i r i b a t i economy. 

Given the f r e i g h t and i n s t a l l a t i o n cost ( t o t a l A$l,800) of a high 
c l a s s slow-combustion stove and 60 percent of the average monthly power 
b i l l f o r c l a s s A and B government housing (160 units/month) at f u l l c o s t , a 
simple payback of three years i s expected on the basis of e l e c t r i c i t y 
savings alone. The m i s s i o n recommends that slow-combustion s o l i d - f u e l 
stoves be b u i l t i n t o a l l new government homes and that f a u l t y stoves or 
water heaters be replaced as they break down. Depending on the c a p i t a l 
a v a i l a b l e i n the government works programme, a longer-term programme of 
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r e p l a c i n g e l e c t r i c stoves over, say, 5 to 10 years should be planned. In 
a d d i t i o n , the importation of e l e c t r i c stoves should be d i s c o n t i n u e d . New 
k i t c h e n and u t i l i t i e s designs w i l l have to be created soon. To f a c i l i t a t e 
t h i s and to demonstrate modern slow-combustion stoves, the m i s s i o n 
recommends the use of UNDP Regional Energy Programme funds i n 1983 f o r a 
sample i n s t a l l a t i o n i n a t y p i c a l high-cost home. A l l such homes i n 
K i r i b a t i are owned by government or quasi-government agencies; thus a 
government p o l i c y d e c i s i o n i n l i n e w i t h the above w i l l be very e f f e c t i v e i n 
b r i n g i n g forward the s u b s t i t u t i o n of e l e c t r i c i t y w i t h wood f u e l i n cooking 
and water heating i n K i r i b a t i . 

I f i t i s assumed that 150 homes w i l l be i n v o l v e d i n t h i s wood 
stove conversion over a 5- to 10-year p e r i o d , the u l t i m a t e new demand f o r 
wood f u e l w i l l be a maximum of 300 te (as received) wood or 90 te c h a r c o a l . 
The mission favours the use of c h a r c o a l i n these stoves f o r reasons 
expanded i n 4.4.4, although i t i s obvious that wood and waste m a t e r i a l s of 
a l l kinds w i l l be burned s i n c e many such m a t e r i a l s w i l l be f r e e and have no 
opportunity cost i n respect of d i s p l a c i n g woody m a t e r i a l s as f u e l f o r power 
production. 

Lower-income households already using wood may have some 
preference f o r the F i j i - t y p e ME I I and I I I wood stoves. These concrete 
slab and s t e e l modular stoves provide a constant water b o i l i n g f a c i l i t y 
w i t h , i n the case of ME I I I , an oven. The l a r g e r stove/oven should be able 
to be b u i l t and r e t a i l e d f o r l e s s than A$100. There appears to be no 
pressure on most of southern Tarawa to have more e f f i c i e n t wood stoves f o r 
the sake of saving f u e l s ince coconut residues adequately meet the cooking 
f u e l demand. On B e t i o , the f u e l supply i s c l e a r l y marginal, making f u e l 
e f f i c i e n c y a more r e a l i s t i c o b j e c t i v e . For the most p a r t , though, the use 
of these wood stoves w i l l be welcomed, i f at a l l , f o r convenience and 
n o v e l t y . Their energy-conserving c h a r a c t e r i s t i c i s a longer-term bonus 
from a s t r a t e g i c standpoint. The l o c a l c o n s t r u c t i o n and use of these 
stoves w i l l be demonstrated i n K i r i b a t i i n 1983 as part of the UNDP 
Regional Energy Programme. Charcoal stoves and ovens are a s u b s t i t u t e f o r 
kerosene stoves i n most circumstances. They are cheap and portable and 
cook c l e a n l y and q u i c k l y i f w e l l made and managed. The appearance of 
modern charcoal stoves of F i j i design i s a t t r a c t i v e , and l o c a l assembly i s 
simple. Should the 500 to 600 households on Tarawa now using kerosene f o r 
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cooking switch to c h a r c o a l , the demand f o r charcoal w i l l be about 200 te 
p.a. The demonstration of production and use of-these stoves i s part of 
the above UNDP Regional Energy Programme f o r K i r i b a t i i n 1983. 

4.6.4 Other cooking aspects. N.A. 

4.6.5 Solar water heating. Solar water heating w i l l take second place 
to a l l wood cooking and water heating on the basis of c o s t . However, there 
may be homes where wood stoves are i m p r a c t i c a l and the cheaper a l t e r n a t i v e 
of LPG must be a p p l i e d . In these circumstances, s o l a r water heating i s 
h i g h l y d e s i r a b l e . No more than 200 l i t r e systems with 2 m2 c o l l e c t o r 
panels need be i n s t a l l e d . I t appears that the demand for hot water i s not 
great i n any case so that the economics of supply w i l l be l e s s favourable 
than I n more v a r i a b l e P a c i f i c c l i m a t e s . The i n s t a l l e d cost of a system 
w i l l be about A$800 and the payback period between two and four years at 
K i r i b a t i e l e c t r i c i t y consumption l e v e l s and f u e l c o s t s . The l i f e o f s o l a r 
systems i s at l e a s t 10 years. The d e c i s i o n as to i n s t a l l a t i o n of s o l a r or 
wood-based water heating w i l l depend on p h y s i c a l , economic and, to some 
extent, s o c i a l f a c t o r s (which may slow the adoption of wood s t o v e s ) . I t i s 
recommended that DWE (Department of Works and Energy) review the high-cost 
housing sector with these d e c i s i o n s i n mind, si n c e i t i s l i k e l y that a i d 
monies can be found f o r either, or both of the wood and s o l a r conversion 
programmes as a package. 

4.6.6 Charcoal i r o n s . I r o n i n g c l o t h e s w i t h heavy cast-metal i r o n s 
f u e l e d w i t h c h a r c o a l i s being reviewed i n some parts of the P a c i f i c and i s 
known s t i l l to be p r a c t i c e d i n K i r i b a t i . The q u a l i t y and design of 
charcoal i r o n s v a r i e s g r e a t l y . I t i s d e s i r a b l e to have KCWS ( K i r i b a t i 
Co-operative Wholesale S o c i e t y ) survey the market and for the energy 
planner to arrange t e s t s of the models a v a i l a b l e to o b t a i n c l e a n , durable, 
and e f f e c t i v e i r o n s f o r r e t a i l i n g i n K i r i b a t i . 
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5. PETROLEUM FOSSIL FUELS 

5.1 Supply and Storage 

5.1.1 Present supply p a t t e r n s . Most petroleum products are supplied at 
K i r i b a t i by c o a s t a l tanker from storage tanks i n F i j i . These products 
o r i g i n a t e i n r e f i n e r i e s i n Singapore and A u s t r a l i a (near Melbourne). Mobil 
O i l i s the sole company supplying ground products (except f o r s m a l l 
q u a n t i t i e s of LPG imported i n b o t t l e s from F i j i ) , w h i l e B r i t i s h Petroleum 
(BP) s u p p l i e s a v i a t i o n f u e l f o r Tarawa. Mobil s u p p l i e s j e t f u e l and small 
amounts of other f u e l s to Christmas I s l a n d . Tarawa r e c e i v e s shipments from 
Mobil four to f i v e times a year; Christmas I s l a n d , two to three times. The 
Tarawa t r i p g e n e r a l l y does not i n c l u d e any other stops, whereas shipments 
to Christmas I s l a n d are u s u a l l y combined wi t h a stop i n Western Samoa. 

5.1.2 Future supply. The m i s s i o n sees two c l e a r p o s s i b i l i t i e s f o r 
a l t e r n a t i v e and cheaper s u p p l i e s of petroleum products: (1) the use of a 
mother ship i n the shipping f l e e t f o r backloading products from American 
Samoa to Tarawa and f o r on-ship power generation f o r storage f r e e z e r s and 
(2) the purchase of a s m a l l second-hand tanker to procure s u p p l i e s d i r e c t l y 
from F i j i , Samoa, or other favourable markets. This tanker could a l s o 
supply outer i s l a n d s d i r e c t i n bulk. The key product traded i n t h i s 
f a s h i o n would be d i e s e l . A v i a t i o n f u e l s , kerosene, and motor s p i r i t would 
s t i l l be marketed, under re-negotiated agreements, to K i r i b a t i by major o i l 
companies. Regarding the f i r s t o p t i o n , the present voyage p a t t e r n of the 
mother sh i p (of 350 te) i s to v i s i t Pago every s i x to eight weeks to 
d e l i v e r f i s h . I t could r e t u r n with approximately 200 te of d i e s e l each 
t r i p , supplying other K i r i b a t i d i e s e l consumers 1-1.5 M l / y r . This i s 
equivalent to the present PUB ( P u b l i c U t i l i t i e s Board) consumption. The 
present p r i c e i n Pago i s about 60 percent of the e q u i v a l e n t p r i c e i n 
Tarawa. Even i f the Pago p r i c e i s not s i g n i f i c a n t l y below the FOB p r i c e i n 
F i j i i n the longer term, the f r e i g h t cost (which i s t r u l y marginal f o r the 
mother-ship arrangement) i s s i g n i f i c a n t f o r o i l company supply. Maximum 
savings a t present from t h i s arrangement would be A$300,000 p.a. C l e a r l y , 
the government should examine t h i s o ption c l o s e l y . 

In the case of the " c a p t i v e tanker" o p t i o n , the government i s 
urged to c a r e f u l l y weigh the r e l e v a n t costs and b e n e f i t s before any 
commitment i s made. Owning and operating major ocean going v e s s e l s i s not 
u n f a m i l i a r to the government. 
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A c a r e f u l plan of v e s s e l deployment and a r e l a t e d r i s k a n a l y s i s 
are r e q u i r e d f o r decision-making, and the government i s urged to consult 
widely i n making i t s a n a l y s i s of t h i s and other options. Both are 
a t t r a c t i v e as a means of i n c r e a s i n g the government's c a p a c i t y to take 
advantage of favourable open market c o n d i t i o n s as they a r i s e . 

5.1.3 F u e l storage. Bulk storage f a c i l i t i e s on Tarawa are owned by 
Mobil i n the case of ground products and by BP i n the case of a v i a t i o n 
f u e l s . T o t a l tank c a p a c i t y and demand coverage (based on 1981 s a l e s from 
the depot) are as f o l l o w s : 

Tonnes Demand coverage 
Motor s p i r i t 305 98 days 
D i s t i l l a t e 855 81 days 
Kerosene 200 132 days 
Jet f u e l 380 141 days 
A v i a t i o n gas 155 . 129 days 

5.1.4 Future arrangements w i t h f u e l storage. As long as an o i l company 
owns the o i l storage f a c i l i t y f o r K i r i b a t i o u t r i g h t , the government's 
ca p a c i t y to negotiate a f a i r and e q u i t a b l e p r i c e f or petroleum products 
w i l l be i n jeopardy. From November 1980 to A p r i l 1982, the world o i l 
market has eased c o n s i d e r a b l y , and there are signs that r e a l competition 
f o r product s a l e s w i l l p r e v a i l f o r some years to come. However, the 
government w i l l not be able to take advantage of these favourable market 
c o n d i t i o n s u n t i l i t owns i t s s t r a t e g i c o i l storage and can d i c t a t e the 
terms of supply a c c o r d i n g l y . Following the deployment of the UNDP/UNDAT 
s p e c i a l i s t on petroleum p r i c i n g and supply arrangements, the s i t u a t i o n of 
the o i l storage on Betio has been c l a r i f i e d , and a forward plan can be 
devised f o r government a c t i o n . The storage was b u i l t In 1964 and i s almost 
f u l l y amortised. Only A$34,000 remains to be w r i t t e n o f f . The storage has 
a l s o been poorly maintained by the o i l company i n recent years. F i r s t , the 
government i s advised to purchase the storage f a c i l i t y at book value, 
compulsorily i f need be. The o i l company has adequately recovered c a p i t a l 
charges and maintenance costs on the f a c i l i t y as part of the p r i c i n g 
formula over the years and has no b a s i s , f i n a n c i a l or moral, to r e j e c t t h i s 
move. Second, the government can r e t i r e the lease f o r storage 
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f a c i l i t y land and have the land r e v e r t to I t s c o n t r o l . The remaining l i f e 
of the storage- f a c i l i t y i s about only four years, depending on maintenance, 
and the f i n a l step i s f o r the government to have b u i l t , under a i d , a major 
new o i l storage i n c o r p o r a t i n g the most convenient o f f l o a d i n g f a c i l i t y , 
p o s s i b l y incorporated i n a new deeper water port. 

5.1.5 L o c a l marketing and d i s t r i b u t i o n . A l l motor s p i r i t , d i s t i l l a t e , 
and kerosene are s o l d by Mobil d i r e c t l y to the government, which a c t s i n 
the c a p a c i t y of agent. Fuel f o r use In the i s l a n d s other than Tarawa i s 
shipped by drum; t h i s amounts to l e s s than 5 percent of t o t a l demand. 

5.2 P r i c i n g and P r i c e C o n t r o l 

5.2.1 P r i c e composition. The p r i c e of ground products to K i r i b a t i i s 
determined by the c o n t r a c t with the s u p p l i e r ; at present, M o b i l . P r i c e s 
f o r p r i v a t e users are, then, a r e s u l t of duty and markup c o l l e c t e d by the 
government. The main elements i n the buildup of the p r i c e of motor s p i r i t 
and d i e s e l f u e l from r e f i n e r y to r e t a i l consumer, based on the shipment of 
A p r i l 1982, are shown below. 

A s i m i l a r buildup a p p l i e s f o r kerosene. 

Motor s p i r i t D i e s e l 
(A c e n t s / l i t r e ) 

FOB Singapore 25. 98 25.85 
F r e i g h t to F i j i 1. 79 2.03 
F r e i g h t F i j i - T a r a w a 5. 14 5.83 
CIF Tarawa 33. 31 34.13 
D i s t r i b u t i o n expenses 0. 95 0.95 
Agency fee 1. 04 1.04 
Duty 13. 70 0.50 
O i l company margin 5. 22 4.08 
P r i c e to government 54. 49 40.97 
Markup 11. 51 11.03 
Wholesale p r i c e 66. 00 52.00 
Markup 10. 00 10.00 
R e t a i l p r i c e Tarawa 76. 00 62.00 
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5.2.2 Duty. Duty assessed i s a f l a t rate of 13.7 c e n t s / l i t r e f o r motor 
s p i r i t , 0.5 c e n t s / l i t r e for d i e s e l f u e l , 0.7 c e n t s / l i t r e f o r kerosene, j e t 
f u e l , and a v i a t i o n gas. For LPG, duty i s 20 percent of the C.I.F. value. 

5.2.3 P r i c e c o n t r o l . The M i n i s t e r of Trade, Industry and Labour sets 
r e t a i l p r i c e s f o r benzine (motor s p i r i t ) and kerosene. These p r i c e s vary 
according to remoteness from the f u e l depot, with a current range ( f o r 
benzine) of up to 16 c e n t s / l i t r e from Tarawa to the f a r t h e s t i s l a n d . 
Kerosene has been subjected to p r i c e c o n t r o l since before Independence, 
whereas benzine has only been c o n t r o l l e d s i n c e l a t e 1981. Neither of these 
products i s covered under the f r e i g h t l e v y scheme f o r outer i s l a n d s . 
Banaba p r i c e s are c o n t o l i e d from Tarawa, and the Christmas I s l a n d petroleum 
p r i c e i s the r e s p o n s i b i l i t y of the p r i c e c o n t r o l l e r In the Line and Phoenix 
Islands a d m i n i s t r a t i o n . 

5.2.4 P r i c e monitoring and n e g o t i a t i o n . Through no f a u l t of t h e i r own, 
the s t a f f of the government re s p o n s i b l e f o r n e g o t i a t i o n s w i t h o i l companies 
on supply and p r i c i n g , and the p r i c e c o n t r o l l e r , have l i t t l e t r a i n i n g or 
experience i n management and n e g o t i a t i o n of o i l i n d u s t r y c o n t r a c t s or i n 
the t e c h n i c a l aspects of petroleum p r i c e c o n t r o l . This l a c k of experience 
i s t y p i c a l of the region and has to date ensured the o i l companies the best 
p o s s i b l e deal f o r themselves i n most cases. The concern of the mission i s 
that the balance be redressed. Countries must q u i c k l y assume an equal 
n e g o t i a t i n g strength for the savings that can r e s u l t from f a i r and 
e q u i t a b l e c o n t r a c t s of supply and from close and knowledgeable s c r u t i n y of 
petroleum p r i c e movements that are very con s i d e r a b l e . These are perhaps 
the most s i g n i f i c a n t savings that are a v a i l a b l e to K i r i b a t i through any 
other change i n the energy sector i n the short term. The mission thus 
recommends the use of UNDP funds f o r workshops and t r a i n i n g sessions on 
p r i c e c o n t r o l methodology over the 1982-85 period to improve the s k i l l s of 
l o c a l p r i c e c o n t r o l l e r s and n e g o t i a t o r s . 

5.2.5 L o c a l marketing and d i s t r i b u t i o n . N.A. 

5.3 Resource Development. N.A. 
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6. ELECTRICITY 

6.1 I n s t i t u t i o n a l Arrangements 

6.1.1 Overview. P r i o r to independence, the c o l o n i a l government 
administered power s u p p l i e s to K i r i b a t i as part of the G i l b e r t I s l a n d 
Development A u t h o r i t y f u n c t i o n s . On 1 J u l y 1977, the P u b l i c U t i l i t i e s 
Board (PUB) was e s t a b l i s h e d under an act of Parliament to generate and 
d i s t r i b u t e power and to take charge of water supply and sewage d i s p o s a l . A 
board of d i r e c t o r s i s appointed according to the p r o v i s i o n s of the a c t , 
w i t h s i x commissioners and the General Manager as an e x - o f f i c i o member. 

Both the Undersecretary of the Department of Works and Energy and 
the planning o f f i c e r of the Finance Department are members. A l l board 
members are l o c a l c i t i z e n s - The M i n i s t e r r e s p o n s i b l e f o r the PUB Is the 
M i n i s t e r r e s p o n s i b l e f o r the Department of Works and Energy. The PUB has 
a u t h o r i t y for power generation on Tarawa only. Generation on Christmas 
I s l a n d i s maintained d i r e c t l y or i n d i r e c t l y by the DWE (Department of Works 
and Energy) i n cooperation with the M i n i s t r y f o r Line and Phoenix I s l a n d s . 
The generation f a c i l i t i e s on the outer i s l a n d s of the G i l b e r t Group are 
small and mostly i n p r i v a t e hands. The f i n a n c i a l arrangements f o r the PUB 
have been e s t a b l i s h e d w i t h broad terms under the a c t . The PUB i s permitted 
to set aside reserve funds from i t s revenue f o r replacement and new 
developments. T a r i f f s are to be devised by the PUB although they must be 
agreed by the Cabinet. The government b e l i e v e s that the PUB should be a 
"commercial" o r g a n i s a t i o n , that i s , revenues should meet costs and generate 
s u f f i c i e n t equity to replace worn and damaged equipment and provide an 
e q u i t y c o n t r i b u t i o n s u f f i c i e n t to cover the debt p o r t i o n of f u t u r e 
d i s t r i b u t i o n and generation development. 

At independence i n J u l y of 1979, the cost a t completion of the new 
power s t a t i o n on Betio (A$674,000) was c o n s t i t u t e d as a debt to be paid 
back to the government i n t e r e s t - f r e e over 25 years w i t h a f i v e - y e a r grace 
p e r i o d . Repayments should therefore have begun on 1 J u l y 1982. C u r r e n t l y , 
the Finance Department i s asked to meet almost a l l expenses f o r c a p i t a l 
items of any k i n d , i n c l u d i n g t o o l s and spare p a r t s . Major p r o j e c t s are 
funded by the Finance Department through the budget or d i r e c t l y from 
overseas a i d ( f o r example, the South Tarawa V i l l a g e E l e c t r i f i c a t i o n Scheme 
and the new B e t i o - B a i r i k i causeway c a b l e ) . However, the PUB i s not o b l i g e d 
to have i t s budget, c a p i t a l or r e c u r r e n t , approved by the Finance 
Department nor to have c a p i t a l p r o j e c t s approved as part of the n a t i o n a l 
budget. 



43 

6.2 The Power System 

6.2.1 Generation system. Generation of power i s e n t i r e l y f u e l e d by 
d i e s e l f o r the main p u b l i c power supply system on Tarawa and Christmas 
I s l a n d . Very small PVC power production has begun f o r a i r c r a f t n a v i g a t i o n 
beacons, and a small w i n d . e l e c t r i c system has been used on Christmas 
I s l a n d . On Tarawa, there are power s t a t i o n s at B e t i o , B a r a i k i , and 
Bikenibeu. The main generating s t a t i o n i s i n B e t i o , the extreme west of 
tran s m i s s i o n . The d i e s e l sets are 4 x 300 kW, 750 rpm, E n g l i s h E l e c t r i c , 
one of which i s permanently out of s e r v i c e with an oval crankshaft and a 
140 kW ruston s e t . These sets were probably made i n 1954, although they 
have not yet reached the end of u s e f u l l i f e . There are also two E n g l i s h 
E l e c t r i c 750 kW, 750 rpm sets i n s t a l l e d i n 1976. These machines bear the 
bulk of the lo a d . S i t e r a t i n g and age adjustment reduces i n d i v i d u a l f i r m 
c a p a c i t y of the smaller 3 x 300 kW sets to 250 kW; thus with one out of 
s e r v i c e , the f i r m c a p a c i t y at the B e t i o power s t a t i o n i s 1,640 kW. The 
peak load on the system has a c t u a l l y dropped 100 kW i n the past two years. 
In 1976, the maximum demand was 730 kW; i n 1978/79 i t exceeded 750 kW; and 
i n October 1980, 910 kW. Load curves a v a i l a b l e f o r s e l e c t e d months i n 1981 
and the A p r i l , May, June 1982 load curves show the peak at 800 kW. To the 
converse, the minimum demand has grown from 200 kW i n February 1979 to 425 
kW i n May 1982. This o v e r a l l improvement i n load f a c t o r i s extremely 
f o r t u n a t e , making more e f f i c i e n t u t i l i s a t i o n of the l a r g e r d i e s e l s and 
delaying to the l a t e 1980s or beyond the need f o r investment i n a new 
d i e s e l p l a n t . The d e c l i n e i n growth has c l e a r l y r e s u l t e d from doubling 
t a r i f f s over the 1978 to 1981 period and q u i t e l i k e l y through a d e c l i n e i n 
economic a c t i v i t y during the immediate post-independence and 
"post-phosphate" p e r i o d . A d d i t i o n a l emergency generators of 300 kW (250 kW 
s i t e r a t i n g ) are s t a t i o n e d at both B a i r i k i and Bikenibeu power s t a t i o n s , 
although these cannot be operated i n p a r a l l e l with one other or the main 
power s t a t i o n at B e t i o . 

The generation c a p a c i t y on Christmas I s l a n d i s mostly i n small and 
very o l d s e t s . In 1978, there was 255 kW (NPR) i n four sets at London and 
35 kW i n three sets at Banaba, a l l of which were 1,000 rpm. At Poland 
there was 37 kW i n s t a l l e d of 1,500 rpm se t s . A l l the above generate at 
415 V or 240 V/60 HZ. The more modern sets at the h o t e l of 100 kW each and 
those at Artemia and the a i r p o r t of 10 kW each generate at 208 V or 120 
V/60 HZ. These sets are 1,800 rpm and of short l i f e . 
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6.2.2 Transmission and d i s t r i b u t i o n . Transmission and d i s t r i b u t i o n on 
Tarawa i s at 11 KV and 415/240 V/50 HZ. An 11 KV feeder l i n e crosses 
underwater from B e t i o to B a i r l k i and from there, i t i s l a i d underground 
through to the B o n r i k i a i r p o r t and beyond to the Tanaea a g r i c u l t u r e and 
f i s h e r i e s establishment (32 kms t o t a l l e n g t h ) . About 35 transformers "none 
bigger than 200 kVa" step voltage down to 415/240 V for d i s t r i b u t i o n to 
consumers throughout the system. Voltage r e g u l a t i o n remains a problem w i t h 
s i g n i f i c a n t v o l t a g e drop o c c u r r i n g along the length of the feeder to 
B a i r l k i . An automatic voltage r e g u l a t o r has been I n s t a l l e d although i t s 
e f f e c t i v e operation i s l i m i t e d . The prospect of a new power s t a t i o n at 
B o n r i k i i n the Temaiku bight generating i n synchrony w i t h the B e t i o power 
s t a t i o n would improve voltage r e g u l a t i o n and general system s e c u r i t y 
c o n s i d e r a b l y . Even so, a top q u a l i t y communication system would have to be 
I n s t a l l e d between the new power s t a t i o n and the Betlo power s t a t i o n . 

6.3 P l a n n i n g Issues 

6.3.1 Overview. I t i s acknowledged that during the past f i v e years, 
planning w i t h any c e r t a i n t y f or the future has been d i f f i c u l t . The end of 
the phosphate revenue, the a r r i v a l of independence, and the general 
downturn i n copra p r i c e s have made the production of economic growth and 
hence power demands almost Impossible. Even so, there are some b a s i c 
requirements f o r system planning which could have been attended t o , 
e s p e c i a l l y because the l o c a l economic s i t u a t i o n was i n f l u x . These 
i n c l u d e : (1) e s t a b l i s h i n g i n some d e t a i l the nature of the demand w i t h i n 
and between the i n d u s t r i a l / c o m m e r c i a l , government, and household s e c t o r s 
and (2) monitoring the changing patterns of demand occasioned by p r i c e . 
These have been s i g n i f i c a n t and can shed l i g h t on the f u t u r e l e v e l and 
composition of demand. E l e c t r i c i t y i s now p r i c e d at a l e v e l , which though 
below c o s t , i s above that f o r LPG, s o l a r , or fuelwood for some 
a p p l i c a t i o n s ; and w i t h n a t i o n a l p r i c i n g , the p a t t e r n of demand w i l l change 
s i g n i f i c a n t l y yet again. Furthermore, at the true cost of e l e c t r i c i t y 
today, there are o p p o r t u n i t i e s f o r a l t e r n a t i v e power sources to be brought 
i n t o economic production. This e n t i r e l y a l t e r s the complexity of planning 
and demands q u i t e c l o s e a t t e n t i o n not only to new f u e l resources and new 
technology but a l s o to the equipment which w i l l serve to i n t e g r a t e the o l d 
and new systems together f o r a s t a b l e and high standard power supply. 
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6-3.2 . Options and recommendations. F i n a n c i a l planning i s e s s e n t i a l i n 
a t t a i n i n g an o r d e r l y system development. This takes many dimensions. 
C u r r e n t l y , a d e f i c i e n c y e x i s t s i n knowledge of costs throughout the system. 
This a r i s e s p a r t l y because of the Integrated accounts of the sewage, water, 
and power sectors of the PUB. (However, w i t h i n the power sect o r alone, the 
costs of supply to various c l a s s e s of consumer are poorly documented.) 
This d e f i c i e n c y a f f e c t s the t i m e l i n e s s and u l t i m a t e l e v e l of t a r i f f 
increases and, i n the event of delays and underestimates, reduces the PUB's 
a b i l i t y to a t t a i n s e l f - f i n a n c i n g s t a t u s . Forward planning f o r system 
development includes the f o r m u l a t i o n of d e t a i l e d c a p i t a l budgets and 
matching revenue statements s p e c i f y i n g the l e v e l of t a r i f f that w i l l be 
necessary to finance the c a p i t a l program. One cannot proceed without the 
other. In other words, demand p r o j e c t i o n s , generation, and 
t r a n s m i s s i o n / d i s t r i b u t i o n expansion plans and costs are needed to e s t a b l i s h 
the f i n a n c i a l plan. Neither of these e x i s t s today although they are an 
e s s e n t i a l t o o l i n u t i l i t y management. Having pointed to these problem 
areas, we must immediately acknowledge that the present s t a f f numbers are 
too low to cope with t h i s a d d i t i o n a l workload; and i n f a c t , the PUB has 
been doing w e l l to manage as i t has during a period when two h i g h l y s k i l l e d 
e x p a t r i a t e s have l e f t I t s employ- The mission urges the PUB, the Finance 
Department, and the DWE to r e b u i l d the s t a f f of the PUB to c a t e r f o r the 
period of system transformation, both economic and t e c h n i c a l , that l i e s 
ahead. A system planning engineer i s needed to work with the present 
Chief Engineer; and an e c o n o m i s t - f i n a n c i a l a n a l y s t i s needed to work w i t h 
the present F i n a n c i a l Manager. Their most urgent task i s to develop 
se v e r a l scenarios of system expansion over 10 to 20 years, employing the 
options f o r the new power sources we have o u t l i n e d , and the e x i s t i n g d i e s e l 
system, to meet demand under each scenario, and to d e t a i l the c a p i t a l , 
r e c u r r e n t , and revenue budgets f o r the same peri o d . 

6.3.3 Other planning aspects. A n a t u r a l outcome of the t r a n s i t i o n to 
wood power would be the need f o r c l o s e and sustained cooperation w i t h the 
A g r i c u l t u r a l D i v i s i o n , the DWE, and t r a n s p o r t to ensure that coconut trees 
are being harvested (and replanted) and d e l i v e r e d to the f u e l y a r d at the 
power house and that every opportunity i s taken both to f u r t h e r develop the 
fuelwood resource and to assemble and d e l i v e r a l l combustible residues. 
The day-to-day management of f u e l supply w i l l be a s i g n i f i c a n t task, and 
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long-term plans widely agreed among agencies w i l l be c r i t i c a l to success. 
At the same time, t h i s mission proposes a number of measures by the 
government which would s i g n i f i c a n t l y reduce both maximum demand and t o t a l 
energy demand on the power system. 

The PUB planners w i l l need to be aware of the i n i t i a l review of 
these prospects and be w e l l informed about the formulation of f i r m plans 
and the progress of t h e i r implementation so as to modify t h e i r own system 
planning a c c o r d i n g l y . A l l of t h i s needs close and e n t h u s i a s t i c cooperation 
between government planning and u t i l i t y planning, a matter which w i l l be 
f u r t h e r discussed i n S e c t i o n S.2. 

6.4 Management Issues 

6.4.1 Overview. The mission was able to spend only l i t t l e time w i t h 
the PUB management i n reviewing, accounting, and understanding the nature 
of the government/PUB r e l a t i o n s h i p . Here we present our f i n d i n g s on 
s e v e r a l i s s u e s which i n f l u e n c e the performance of the o p e r a t i o n and which 
may be subject to some reform. 

6.4.2 F i n a n c i a l management. Several issues are embraced here. The 
f i r s t i s the r e l a t i o n s h i p between the Finance Department and the PUB. As 
s t a t e d i n 6.1.1, the government expects the PUB t o : (1) repay the cost of 
the Betlo power house as t r a n s f e r r e d as a debt to i t from the former 
a u t h o r i t y at independence and (2) r a i s e s u f f i c i e n t revenue to meet some of 
the f u t u r e c a p i t a l as w e l l as the generating c o s t s . The mission f i n d s t h i s 
arrangement too vague to ensure e f f e c t i v e f i n a n c i a l management. A l s o , i t 
i s i n c o n t r a d i c t i o n to the c o n t r o l that the Finance Department and the 
Cabinet maintains over t a r i f f s (although the government's a t t i t u d e to 
t a r i f f l e v e l s w i l l be tempered by the i n f o r m a t i o n on costs s u p p l i e d by the 
PUB, and t h i s i s d e f i c i e n t as s t a t e d ) . The mission b e l i e v e s that a new and 
simple set of g u i d e l i n e s f o r f i n a n c i a l mangement i s e s s e n t i a l . As a b a s i c 
premise, we b e l i e v e that i t i s v i t a l f o r the PUB to f u n c t i o n as a f u l l y 
commercial e n t e r p r i s e , with the f u l l costs of production r e f l e c t e d i n the 
p r i c e of e l e c t r i c i t y to the consumer and with every reasonable measure 
being taken to have the PUB generate, from i t s own t a r i f f , s u f f i c i e n t 
revenues both to renew and to expand the system. To achieve t h i s , the 
government must determine a rate of r e t u r n o b j e c t i v e f o r the u t i l i t y i n 
respect of i t s power sect o r o p e r a t i o n which i s i n l i n e w i t h the maximum 
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r e t u r n the government might reasonably expect from investment i n f i s h i n g , 
coconut r e h a b i l i t a t i o n , s a l t manufacturing, and the l i k e . To expect l e s s 
Is to reduce the general l e v e l of economic p r o d u c t i v i t y , and to s u b s i d i s e 
e l e c t r i c i t y consumers who, i n t h i s case, are l a r g e l y higher-income p u b l i c 
servants, or p r i v i l e g e d groups, without d i r e c t a c c o u n t a b i l i t y f o r the costs 
of t h e i r consumption (see 7.0). 

Second, the government should nominate what p r o p o r t i o n of the 
cost of new p r o j e c t s i n the power system i s to be r a i s e d as equit y by the 
PUB. Normally, 40 to 60 percent as e q u i t y i s expected of such e n t e r p r i s e s , 
although r a r e l y i s t h i s achieved. F i n a l l y , there must be some g u i d e l i n e 
e s t a b l i s h e d as to debt s e r v i c i n g and borrowing l i m i t s , determined on the 
basis of agreed debt s e r v i c e coverage r a t i o s . These f i n a n c i a l g u i d e l i n e s 
are e s s e n t i a l i n determining appropriate t a r i f f l e v e l s , both now and In 
respect of f i n a n c i a l planning to finance the development plan. There i s 
the p a r a l l e l requirement to keep an accurate record of the funds employed 
In the system and the extent to which they have been r e p a i d . Ledgers of 
both the h i s t o r i c a l value and the replacement value of the system must be 
maintained up-to-date and i n d e t a i l . 

In the absence of these t o o l s of f i n a n c i a l management, the u t i l i t y 
f i n d s i t hard to determine adequate t a r i f f s and the Finance Department 
cannot judge the adequacy of those proposed. Since costs are already very 
high, there i s a n a t u r a l r eluctance to f i n d that they are indeed higher and 
to press f o r increased t a r i f f s without an a b s o l u t e l y c l e a r b a s i s on which 
to argue the case. Consequently, the present t a r i f f does not even cover 
generating c o s t s , l e t alone c a p i t a l charges and reserves. 

There are c u r r e n t l y no renewal reserves and no reserves to finance 
system development. Even the more sundry of c a p i t a l items, such as t o o l s , 
are requested of the Finance Department out of the n a t i o n a l budget and i n 
an ad hoc manner as the need a r i s e s . I t i s obviously impossible f o r the 
government to rece i v e payments on t h e i r i n i t i a l loan, no matter how s o f t 
the terms, while keeping the t a r i f f s so low. And furthermore, the 
government w i l l continue to be plagued with requests f o r c a p i t a l 
expenditure f o r equipment without advance warning unless system planning, 
then f i n a n c i a l planning, and f i n a l l y t a r i f f s are c o n s t r u c t e d , 
rec o n s t r u c t e d , or reformed. 
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6.4.3 Other management i s s u e s - Management of a i d to the power s e c t o r . 
Consistent w i t h the above, the government should pass a i d funding on to the 
PUB on agreed commercial terms and not on the terms of supply by the 
donor. The government should c o n t r o l the a l l o c a t i o n of resources to the 
economy d i r e c t l y (and w i t h f u l l knowledge of the support i t provides s e c t o r 
by s e c t o r ) to achieve i t s development go a l s . This does not mean excluding 
e l e c t r i f i c a t i o n from government a s s i s t a n c e , but I t does mean that such 
a s s i s t a n c e w i l l be through the budget i n d i r e c t c o n s i d e r a t i o n of other 
expenditures. Equipment grants would be valued at open market p r i c e s to 
determine the cost of the a q u i s i t i o n and the f i n a n c i n g arrangement as 
between the Finance Department and the PUB. Loans received on s o f t terms 
would be passed on at commercial rates with the government accruing the 
d i f f e r e n c e f o r general development expenditures. Again, i t i s fundamental 
that t a r i f f s are set and a p p l i e d at the l e v e l s i m plied by t h i s commercial 
approach to u t i l i t y management. 

6.4.4 Recommendations. The present board of commissioners i s 
appropriate i n s t r u c t u r e even though perhaps i n need of f u r t h e r depth i n 
t e c h n i c a l and f i n a n c i a l e x p e r t i s e . This i s , of course, d i f f i c u l t to ob t a i n 
i n K i r i b a t i although the government i s asked to c a r e f u l l y consider f u r t h e r 
strengthening of these areas. The new government energy planner should be 
appointed to the board ex o f f i c i o to guarantee l i a i s o n between the energy 
a d m i n i s t r a t i o n and the u t i l i t y , as w e l l as to help the board monitor the 
forward planning of the u t i l i t y . A n a t u r a l c o r o l l a r y of a new planning and 
economics d i v i s i o n of the PUB i s the production of a timetable f o r system 
development and renewal, w i t h both f i n a n c i a l and manpower resource 
I m p l i c a t i o n s . This w i l l provide the board and the management with a means 
of monitoring the performance of the u t i l i t y and the management. 
Government r e p r e s e n t a t i v e s on the board should seek, and the management 
should provide, a d e t a i l e d work plan each year, and an o u t l i n e f o r the 
medium and long term, which i d e n t i f i e s a l l s i g n i f i c a n t a c t i v i t i e s , t h e i r 
Importance to power supply and c o s t s , and the resources a l l o c a t e d f o r t h e i r 
Implementation. This d e t a i l e d work plan can be reviewed at any r e g u l a r 
board meeting. The annual work plan should be derived from the r o l l i n g 
ten-year development and f i n a n c i a l plans. By using t h i s mechanism of 
management, the government should only have to address requests f o r 
a d d i t i o n a l c a p i t a l expenditure f o r genuine emergencies, and only then i n 
the i n t e r i m before s u f f i c i e n t reserves are e s t a b l i s h e d w i t h i n the PUB. 
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A f t e r d e f i n i n g the l e v e l of expenditure which c o n s t i t u t e s a major 
p r o j e c t , the government should include such p r o j e c t s i n i t s own budget for 
approval. The source of funds may p a r t l y be the PUB, although the debt 
p o r t i o n must be r a i s e d by the Finance Department and i t s source and terms 
r e g i s t e r e d a c c o r d i n g l y . Major c a p i t a l p r o j e c t s i n the power secto r w i l l 
f r e q u e n t l y be among the biggest p r o j e c t s i n the economy and should be 
handled i n that l i g h t . 

The mission i s concerned that there i s not an adequate 
p a r t i t i o n i n g of costs as between sewage/water supply and power production 
a c t i v i t i e s i n the PUB. The a s s o c i a t i o n of these a c t i v i t i e s already c r e a t e s 
problems f o r the concept of "commercial" operations unless a s i m i l a r 
approach i s taken to the management of the water and sewage systems. The 
mission would i d e a l l y l i k e to see the power sector managed as a separate 
e n t i t y , l e a v i n g water and sewage under the DWE or another a u t h o r i t y , 
although with c e n t r a l i s e d b i l l i n g and revenue c o l l e c t i o n . Without t h i s , we 
recommend the r e c o n s t r u c t i o n of the accounts to more c l e a r l y d i s c r i m i n a t e 
between overhead and expenditures incurred i n respect of each of t h e i r 
f u n c t i o n s . 

In the longer term, the government should be looking to have a l l 
power supply e s t a b l i s h e d by, or under, the s u p e r v i s i o n of the one 
a u t h o r i t y . The main reasons are: to n a t i o n a l i s e planning of power supply, 
to standardise equipment, minimise overheads, improve saf e t y and 
e f f i c i e n c y , and i n the u l t i m a t e , to reduce c o s t s . Of course, u n t i l the PUB 
i s properly and f u l l y s t a f f e d , i n c r e a s i n g i t s j u r i s d i c t i o n and 
r e s p o n s i b i l i t y w i l l be to no advantage. Adequate s t a f f i n g i s already 
appreciated by both the PUB and the government as a p r i o r i t y . 

The PUB must c u r r e n t l y go through the government's supply o f f i c e 
to obtain spare p a r t s . This Is a f r u s t r a t i n g and cumbersome arrangement. 
The PUB should be allowed to procure and stock i t s own spare parts 
independent of the government s e r v i c e , but i n accordance with p o s s i b l y 
v a r i e d board and management approval to ensure that only a b s o l u t e l y 
necessary stocks are maintained. Over-ordering and Inappropriate purchases 
can become a major burden on a small u t i l i t y and must therefore be subject 
to c l o s e management s u p e r v i s i o n . 

I t i s c r i t i c a l to a proper understanding of the l e v e l and p a t t e r n 
of sales and the e f f i c i e n c y of generation and transmission to maintain 
records f o r consumption f o r e x a c t l y the same period as that f o r powerhouse 
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records: p r e f e r a b l y the calendar month. C u r r e n t l y , the meter reading i s 
fo r i r r e g u l a r periods and for a d i f f e r e n t period i n each d i s t r i c t . Every 
attempt should be made to have meter reading done w i t h i n one week of the 
beginning of each month and i n a r e g u l a r p a t t e r n . 

6.5 E l e c t r i c i t y P r i c i n g 

6.5.1 Overview. The mission has attempted to e s t a b l i s h the f u l l c osts 
of production i n the very l i m i t e d time a v a i l a b l e to i t i n the f i e l d . While 
we have doubts about the accuracy of the c a p i t a l charges due to the l a c k of 
a complete r e g i s t e r of equipment i n s t a l l e d i n the system, the estimate here 
i s more l i k e l y to be conservative than excessive. Once having e s t a b l i s h e d 
an estimate of the f u l l c o s t s , we demonstrate an a l t e r n a t i v e t a r i f f 
s t r u c t u r e t h a t , i n our view, best serves both the f i n a n c i a l and energy 
management o b j e c t i v e s s p e c i f i e d In t h i s s e c t i o n (6.0). 

6.5.2' Present t a r i f f s . The f u l l marginal cost of production i s 
estimated f o r the southern Tarawa power generation system of the P u b l i c 
U t i l i t i e s Board. By a p p l y i n g a 10 percent discount r a t e to c a p i t a l 
charges, we estimate t h i s cost at 37.7 cents/kWh (see Appendix 6.5.2), and 
can be compared with the present t a r i f f of 24 cents/kWh which i s 4.3 
cents/kWh, or 15 percent, below the d i r e c t costs of production per kWh 
( d e l i v e r e d ) on the system. There i s no doubt that a t a r i f f i ncrease i s 
u r g e n t l y r e q u i r e d . The only question i s the absolute l e v e l and form the 
t a r i f f should take. The costs of u n d e r - p r i c i n g e l e c t r i c i t y are severe. I t 
i s obvious that the i n c e n t i v e f o r consumers to turn to more economic forms 
of energy i n c e r t a i n a p p l i c a t i o n s w i l l be very much g r e a t e r , and the 
t r a n s i t i o n very much f a s t e r , i f the f u l l c o s t s rather than the present 
p r i c e were a p p l i e d to e l e c t r i c i t y . The f a c t that government i s , for a l l 
i n t e n t s and purposes, the consumer, means that there w i l l be a l a r g e 
t r a n s f e r from a number of government departments, quasi-government agencies 
and companies, to the government's PUB—should a t a r i f f i ncrease occur. 
For example, 3 percent of consumers, a l l to some extent government, use 53 
percent of the e l e c t r i c i t y . In passing on the f u l l c osts of production, 
as i t must, the government must simultaneously ensure that a l l I t s agencies 
are brought to be more d i r e c t l y accountable f o r t h e i r e l e c t r i c i t y 
consumption and that every step i s taken to u t i l i s e cheaper forms of energy 
(see 4.4 and 7.2). I t i s i n the domestic s e c t o r that problems of a 
p o l i t i c a l nature might a r i s e . 
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6.5.3 Other t a r i f f Issues. Three-quarters of the consumers are 
households, and they consume 30 percent of the power. However, 570 
consumers, mostly domestic, but some commercial and i n d u s t r i a l , use l e s s 
than 20 kWhs per month. Their gross consumption i s 97 MWhs or 2.3 percent 
of t o t a l consumption. I t can be assumed without f e a r of c o n t r a d i c t i o n that 
the great m a j o r i t y of t h i s e l e c t r i c i t y i s used f o r l i g h t i n g and that even 
at the cost of 20 cents/kWh, there i s no cheaper means of producing t h i s 
l i g h t on Tarawa. In e f f e c t , the government could reduce the p r i c e of 
e l e c t r i c i t y to t h e i r consumers without i m p a i r i n g the r a t i o n a l use of l o c a l 
energy sources and without l o s i n g very much revenue. More to the p o i n t , 
the p r o v i s i o n of cheaper e l e c t r i c i t y to a l a r g e number of low-income 
earners would be a means of ensuring some s o c i a l equity i n energy p r i c i n g 
w hile i n c r e a s i n g the o v e r a l l p r i c e to meet the d e s i r e d revenue o b j e c t i v e 
and s i g n a l l i n g the f u l l marginal cost of e l e c t r i c i t y to consumers. 

6.5.4 Recommendations. The mission proposes the use of a " l i f e - l i n e " 
block t a r i f f w i t h a f u l l marginal cost l a s t block. A " l i f e - l i n e " block i s 
a small amount of e l e c t r i c i t y deemed to be e s s e n t i a l to maintain the 
minimum q u a l i t y of l i f e d e s i r a b l e i n a p a r t i c u l a r environment. This i s , of 
course, a s u b j e c t i v e judgement, even though economic c o n s i d e r a t i o n s are 
s t i l l important. I f the " l i f e - l i n e " block were set at 20 kWh/month, and 
the 21st and a l l a d d i t i o n a l u n i t s were charged at the f u l l r a t e of 38 cents 
or more, there would be a strong i n c e n t i v e not to exceed 20 kWh/month 
unless i t was t r u l y worthwhile or unavoidable. U l t i m a t e l y , very e f f i c i e n t 
use of the cheaper power would a l s o be ensured. The mission thus proposes 
f o r Tarawa a t a r i f f which f o r a l l consumers has a block of 20 kWh p r i c e d 
a t , say, 20 cents/kWh and the next and f i n a l block a t , say, 35 cents/kWh. 
These l e v e l s are chosen as a f i r s t step. Once the government has decided 
which r a t e of r e t u r n i t would l i k e to see a p p l i e d and has determined i t s 
revenue o b j e c t i v e , the cost of the "marginal" u n i t s can be re-assessed. 

For example, a discount r a t e of 7 percent rather than 10 percent would 
reduce c a p i t a l charges by about 1.5 cents/kWh, and there may be a d e s i r e to 
s u b s i d i s e the e l e c t r i c i t y u t i l i t y to some smaller extent a l l o w i n g time f o r 
the populace to adjust to higher t a r i f f s i n steps rather than i n one move. 
To i n d i c a t e the general impact of such a t a r i f f , some general s t a t i s t i c s 
are u s e f u l : 
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A 20^-35 cents/kWh block t a r i f f w i t h 20 kwh/month i n the f i r s t 
block w i l l g i v e : 

570 consumers a 20 percent r e d u c t i o n 
350 consumers an average increase of only 10 percent 
the remainder, about 900, an increase up to a maximum of 45 
percent f o r the l a r g e s t consumers, ( a l l government). 

The revenue i m p l i c a t i o n s of such a t a r i f f are, of course, q u i t e 
p o s i t i v e . There i s c u r r e n t l y a d e f i c i t between revenue from s a l e s and 
d i r e c t operating c o s t s of the order of A$185,000. This would be made up 
and a reserve of A$l50-$200,000 would be e s t a b l i s h e d annually depending on 
the e l a s t i c i t y of demand. The mission s t r o n g l y encourages the government 
to proceed with t a r i f f reform immediately i n p a r a l l e l with a number of 
other measures f o r e l e c t r i c i t y savings, discussed elsewhere i n t h i s r e p o r t , 
which are d i r e c t l y under i t s c o n t r o l . 

6.6 R u r a l E l e c t r i f i c a t i o n 

6.6.1 Overview. In t h i s s e c t i o n , we deal b r i e f l y with i s s u e s 
surrounding the s a l e of e l e c t r i c i t y on outer i s l a n d s . The technology f o r 
remote s m a l l - s c a l e power generation, as w e l l as the government's r o l e i n 
promoting i t s use, i s discussed elsewhere (4.3). Since the PUB does not 
supply power other than i n Tarawa, the i s s u e i s simple. The mi s s i o n 
recommends no government involvement i n power supply to the p r i v a t e sector 
i n outer i s l a n d s u n t i l a s i g n i f i c a n t load e x i s t s i n each demand centre 
which can be met more cheaply by a c e n t r a l i s e d government supply than by a 
s e r i e s of small p r i v a t e generation systems. Christmas I s l a n d i s the 
exc e p t i o n . 

Christmas I s l a n d supply. The mi s s i o n b e l i e v e s that i t w i l l be to 
the advantage of f u t u r e power development i n Tarawa, and to e f f i c i e n c y of 
supply g e n e r a l l y , f o r the PUB to assume c o n t r o l of the operations of the 
proposed steam power generation f a c i l i t y on Christmas I s l a n d . The 
experience that the PUB w i l l gain from maintaining t h i s i n s t a l l a t i o n w i l l 
be very u s e f u l f o r l a t e r management of the proposed Tarawa steam power 
s t a t i o n . 

6.2.2 Recommendations. N.A. 
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7. ENERGY CONSERVATION AND MANAGEMENT 

7.1 Oppor t u n i t i e s f o r Energy Savings 

K i r i b a t i has many o p p o r t u n i t i e s f o r saving energy. Indeed the 
most economic energy i s the energy not used. The mission has observed 
w a s t e f u l p r a c t i c e s which r e q u i r e l i t t l e more than p o l i t i c a l willpower and 
bureaucratic r e s o l v e to prevent. And the savings w i l l be s i g n i f i c a n t . 
Here we w i l l focus on a very few of the most obvious and w a s t e f u l 
p r a c t i c e s , although most w i l l be w i t h i n the ambit of "government measures" 
(7.2) and w i l l be d e a l t with there. 

7.1.1 Households. N.A. 

7.1.2 L i g h t i n g i s commonly regarded as a low p r i o r i t y because i t i s 
such a small user of e l e c t r i c i t y . However, i n 6.5 we observed that more 
than 500 consumers probably use e l e c t r i c i t y f o r l i t t l e e l s e and thus to 
them the saving w i l l be s i g n i f i c a n t . I t was very common to see 
incandescent bulbs i n houses along the roadway and i n p u b l i c p l a c e s . I t Is 
worth noting that at the present s e l l i n g p r i c e and for lamps used s i x hours 
per day, i t costs per year A$31.50 to power a 60 watt lamp. Yet the same 
l i g h t i s a v a i l a b l e from a f l u r o e s c e n t tube of 18 W f o r 30 percent of the 
c o s t , more than enough savings to pay f o r the cost of the f i t t i n g i n one 
year and with f i v e times the l i f e f o r the tube over the bulb. The PUB and 
the new energy planner could encourage the use of e f f i c i e n t l i g h t i n g both 
through appropriate w i r i n g of new government homes and through p u b l i c 
l i t e r a t u r e on savings. Simply connected 18 W f l u o r e s c e n t f i t t i n g s should 
be made a v a i l a b l e cheaply through KCWS. 

There are c l e a r o p p o r t u n i t i e s f o r using l e s s l i g h t i n g together 
with more e f f i c i e n t l i g h t i n g . Sodium vapour lamps can be used f o r a l l 
s t r e e t l i g h t i n g . Low-pressure sodium vapour lamps of 18 W and 100 
lumens/watt are now a v a i l a b l e . The cost of the f i t t i n g i s the same as f o r 
2 x 20 W f l u o r e s c e n t and the pay back time at current e l e c t r t i c i t y costs i s 
about 15 months. The e a s i e s t saving i s achieved by p h y s i c a l l y removing or 
disconnecting unnecessary lamps. Throughout government o f f i c e s there are 
l i g h t s s h i n i n g beside windows which already provide e x c e l l e n t n a t u r a l 
i l l u m i n a t i o n . In the Finance Department, however, l i g h t i n g was not used at 
a l l , and with no apparent discomfort to the o f f i c e s t a f f . C l e a r l y , t h i s I s 
another simple matter f o r the energy planner to attend to which w i l l be 
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rewarded w i t h immediate b e n e f i t s - This r a i s e s the more general question of 
b u i l d i n g design. 

7.1.3 R e f r i g e r a t i o n and c o o l i n g . R e f r i g e r a t i o n i s among the highest 
user of e l e c t r i c i t y i n K i r i b a t i . Large bulk s t o r e s and f i s h f r e e z e r s 
provide a constant base load. Heat exhausted from l a r g e r e f r i g e r a t i o n 
systems can be used f o r food d r y i n g and f o r hot water production and must 
be considered as a cheap l o c a l energy source. 

However, i t i s not c l e a r that the most e f f i c i e n t r e f r i g e r a t i o n 
c y c l e s are i n use in - t h e P a c i f i c , l e t alone K i r i b a t i , and i t i s known that 
the e f f i c i e n c y of systems now marketed v a r i e s g r e a t l y , a f a c t o r accentuated 
sharply where e l e c t r i c i t y costs are so high. The mis s i o n has t h e r e f o r e 
proposed the use of UNDP funds f o r a review of a l l major r e f r i g e r a t i o n 
systems i n use by a s p e c i a l i s t i n r e f r i g e r a t i o n engineering to provide 
d e t a i l e d t e c h n i c a l advice to the c o u n t r i e s of the r e g i o n , both on 
procurement and design. The v a r i a t i o n i n e f f i c i e n c y i n household 
r e f r i g e r a t i o n and f r e e z e r s Is up to f o u r - f o l d f or appliances now marketed. 
Japanese equipment i s renowned f o r i t s e f f i c i e n c y although i t i s not common 
i n the P a c i f i c . A f u r t h e r r e f r i g e r a t i o n consultancy has been budgeted f o r 
domestic sector a p p l i a n c e s , the o b j e c t i v e of which i s to supply government 
procurement agencies and wholesalers w i t h a d e t a i l e d inventory of costs and 
performances of the equipment a v a i l a b l e g l o b a l l y , ranked i n terms "of 
e f f i c i e n c y and l o n g e v i t y . 

7.1.4 T r a n s p o r t a t i o n . The design of f i s h i n g and t r a d i n g boats and 
ships In use i n K i r i b a t i v a r i e s g r e a t l y and i s by no means optimum f o r 
energy e f f i c i e n c y - Nevertheless, the a p p l i c a t i o n of an energy saving 
design to s p e c i f i c purpose v e s s e l s Is complex. So too Is the c o r r e c t 
s i z i n g of engines and p r o p e l l o r s . 

The mission understands that considerable p o t e n t i a l e x i s t s f o r 
harmonising energy saving and f u n c t i o n a l design and has budgeted UNDP 
Regional Energy Programme funds for a s p e c i a l i s t review of the r e g i o n a l 
f l e e t w i t h t e c h n i c a l advice f o r procurement agents and designers i n mind. 
The K i r i b a t i Marine T r a i n i n g School i s w e l l placed to c o n t r i b u t e to and 
b e n e f i t from t h i s review. 

7.1.5 Industry and commerce. N.A. 
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7.1.6 B u i l d i n g codes. Designing b u i l d i n g s f o r n a t u r a l l i g h t i n g i s one 
of a number of s t r a i g h t f o r w a r d design matters which can be d e a l t w i t h 
through m o d i f i c a t i o n s to the e x i s t i n g b u i l d i n g code. The newer government 
b u i l d i n g s are already f a i r l y w e l l designed f o r v e n t i l a t i o n and shading, but 
the bulk of the I n f r a s t r u c t u r e i s g r o s s l y inadequate and demonstrates the 
need f o r u n i f o r m i t y i n design concept f o r thermal comfort and n a t u r a l 
l i g h t i n g . We w i l l r e f e r to the use of a i r c o n d i t i o n i n g below, although i f 
i t i s to be used at a l l , q u i t e d i f f e r e n t design c o n s t r a i n t s should be 
a p p l i e d than to those b u i l d i n g s using c r o s s - f l o w v e n t i l a t i o n f o r c o o l i n g . 
With the l a t t e r , high c e i l i n g s with adequate h o t - a i r exhaust and 
i n s u l a t i o n , combined with f u l l shading of the w a l l s and windows are c a l l e d 
f o r (not u n l i k e the Maneaba t r a d i t i o n a l design). With c l e v e r but simple 
design, i t i s a l s o p o s s i b l e to use s k y l i g h t s to take advantage of high 
n a t u r a l i l l u m i n a t i o n l e v e l s * The mission recommends r e v i s i o n of b u i l d i n g 
codes to induce energy conservation i n the b u i l d i n g environment. 

7.1.7 Energy a u d i t s . N.A. 

7.2 Government Measures 

I d e a l l y , government i n t e r v e n t i o n In the energy market place should 
be l i m i t e d to i n f o r m a t i o n on the p o t e n t i a l which e x i s t s to save i n the face 
of f u l l and c o r r e c t energy p r i c i n g . In K i r i b a t i , the government i s , i n 
most ins t a n c e s , the producer and the consumer, and there are the t y p i c a l l y 
acute problems of p u b l i c a d m i n i s t r a t i o n s with minimal i n d i v i d u a l 
r e s p o n s i b i l i t y or a c c o u n t a b i l i t y f o r energy spending a c t i o n s . In e f f e c t , 
l i g h t s can be l e f t on, a i r c o n d i t i o n e r s can be f r e e z i n g , and v e h i c l e s 
misused because the i n d i v i d u a l n e i t h e r pays nor answers f o r the c o s t s . In 
t h i s circumstance, the government must improve i n d i v i d u a l a c c o u n t a b i l i t y 
and, w i t h appropriate a c t i o n , r e g u l a t e . Some measures have been discussed 
i n 4.4. and 7.1 above, though there are important a d d i t i o n a l steps to be 
considered here. 

7.2.1 Energy p r i c i n g . N.A. 

7.2.2 L e g i s l a t i v e c o n t r o l s . N.A. 
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7.2.3 Other Measures. A i r c o n d i t i o n i n g . I t was most n o t i c e a b l e i n 
K i r i b a t i that many top a d m i n i s t r a t o r s , and even the President h i m s e l f , 
d e l i b e r a t e l y d i d not use a i r c o n d i t i o n i n g and arranged w e l l - v e n t i l a t e d 
o f f i c e s , whereas others used a i r c o n d i t i o n i n g h e a v i l y i n rooms w i t h paper-
t h i n w a l l s , no shading, and no i n s u l a t i o n . A f t e r d i s c u s s i o n w i t h the 
President and senior s t a f f , the mission recommends that the government ban 
the use of a i r c o n d i t i o n i n g except i n s p e c i a l places such as l i b r a r i e s , 
h o s p i t a l s u r g e r i e s , and the l i k e . Where a i r c o n d i t i o n i n g Is l e g i t i m a t e , 
heavy i n s u l a t i o n , shading, and w e l l - s e a l e d f u l l g l a s s windows should be 
i n s t a l l e d along w i t h thermostatic c o n t r o l s . A i r c o n d i t i o n i n g need not be 
below 25°C f o r most purposes. M o d i f i c a t i o n s w i l l be needed i n o f f i c e s that 
are p r e s e n t l y a i r conditioned to make them f u l l y comfortable with n a t u r a l 
v e n t i l a t i o n and fans. 

Cooking and water he a t i n g . In l i n e w i t h our review of wood stoves 
and s o l a r water heaters (4.4, 4.6), the f o l l o w i n g steps are recommended 
to government: 

o Banning the i n s t a l l a t i o n of e l e c t r i c stoves. 
o Banning the use of e l e c t r i c i t y as the prime or sole source of 

water heating. 
o Replacing f a u l t y * e l e c t r i c a l cooking and water he a t i n g 

systems i n government homes wi t h wood and/or s o l a r systems. 
o E l i m i n a t i n g the duty on a l l renewable energy conversion 

a p p l i a n c e s . 
These measures may appear dramatic; however, i t i s c l e a r that i t w i l l be 
d i f f i c u l t to l e v y the f u l l p r i c e of e l e c t r i c i t y or to make a r a p i d 
"conversion across to charcoal and woodfuels without them. 

Government and the fuelwood supply. I t i s obvious that government 
involvement w i l l be necessary both for r e g u l a t i o n and supply i n the 
fuelwood business should these a l t e r n a t i v e f u e l s be promoted i n l i n e w i t h 
our recommendaitons. There i s the need to c l o s e l y r e g u l a t e the f e l l i n g of 
coconut trees so as to ensure that only s e n i l e trees are f e l l e d (unless 
general c l e a r i n g i s d e s i r e d ) and that seedlings are planted a f t e r f e l l i n g 
wherever p r a c t i c a b l e . E i t h e r d i r e c t involvement or guidance i n f u e l 
p r e p a r a t i o n w i l l be needed i f coconut wood i s to be used as a domestic 
f u e l . S i m i l a r l y , I t may prove u s e f u l to apply i n c e n t i v e s f o r gathering or 
h a r v e s t i n g other fuelwoods such as a guaranteed p r i c e at a government f u e l 
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yard and f r e e seedlings f o r the p u b l i c to p l a n t . KCWS should be engaged i n 
the business of charcoal t r a d i n g as s i g n i f i c a n t markets develop i n the 
government s e c t o r . There are many other c o n s i d e r a t i o n s f o r a t r a n s i t i o n to 
fuelwoods vhich suggest, or demand, government a s s i s t a n c e . Planning a 
fuelwood economy i s a major task f o r the new energy planning 
a d m i n i s t r a t i o n . 
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8. ENERGY ADMINISTRATION AND PLANNING 

8.1 Present Arrangements. F o l l o w i n g the l a s t n a t i o n a l e l e c t i o n s , the 
Pre s i d e n t a l l o c a t e d high p r i o r i t y to the energy s e c t o r w i t h a view to 
i n c r e a s i n g the use of l o c a l sources and economising on imported f u e l s . The 
energy p o r t f o l i o was e s t a b l i s h e d combined w i t h the M i n i s t r y of 
Communication and Works and the President c a l l e d f o r the appointment of an 
energy planner as a matter of urgency. The advertisement has already been 
made and an appointment was expected i n l a t e 1982. This planner was to 
have been i n the DWE and r e s p o n s i b l e to the departmental head. 

8.1.1 Overview. N.A. 

8.2 Issues and Options 

8.2.1 Overview. The missi o n s t r o n g l y commends the President's a c t i o n 
i n appointing an energy planner. A p a r a l l e l appointment i s needed of a 
n a t i o n a l to a s s i s t w i t h , and be t r a i n e d i n , energy p o l i c y planning. The 
r e s p o n s i b i l i t i e s of an energy planner are many, and, as can be seen from 
t h i s r e p o r t , so are the o p p o r t u n i t i e s to g a i n f u l l y use t h i s person's time. 
I t i s e s s e n t i a l to ensure that two general circumstances apply: 

o that a l l aspects of the energy sector are examined i n p r o p o r t i o n to 
t h e i r importance ( i . e . , not to l e t wood, or con s e r v a t i o n , or petroleum 
a c t i v i t i e s exclude a l l others) i n an open a n a l y t i c a l context to 
j u s t i f y the a l l o c a t i o n of time and resources; 

o that the planner does not become an implementor too, except i n s p e c i a l 
circumstances (the Department of Works and Energy s t a f f , a g r i c u l t u r e 
d i v i s i o n , the PUB, and others are the implementors). 

Close management of the energy d i v i s i o n w i l l be necessary to begin w i t h i n 
order to ensure the c a r e f u l a l l o c a t i o n of p r i o r i t i e s and the f u l l 
c ooperation of implementing agencies. This r e q u i r e s a simple 
a d m i n i s t r a t i v e s t r u c t u r e . 

8.2.2 The r o l e of the energy planning u n i t . In such a s m a l l 
a d m i n i s t r a t i o n , a widely r e p r e s e n t a t i v e energy committee may not be 
app r o p r i a t e . A group of f o u r , i n c l u d i n g the M i n i s t e r , i s probably more 
e f f e c t i v e . We propose the D i r e c t o r of Works and Energy, the key 
development planning o f f i c e r i n the Finance Department, the Secretary of 
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Works and Energy, and at h i s convenience, the M i n i s t e r of Communication and 
Works. The energy planner would be the executive o f f i c e r to the group. 
This group should meet at roughly two monthly i n t e r v a l s i n order t o : be 
appraised of the progress of r e l e v a n t r e g i o n a l and l o c a l p r o j e c t s and 
programmes; approve new a c t i v i t i e s at the time of the budget prep a r a t i o n ; 
and a s s i s t with interagency cooperation. We repeat our suggestion that an 
energy planner w i t h s u i t a b l e experience should be made a member of the PUB 
board. 

8.2.3 A N a t i o n a l Energy Committee. N.A. 

8.2.A N a t i o n a l Coordination. N.A. 
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Appendix: 3.1.4 
^Annex. 1 

PETROLEUM FUEL CONSUMPTION IN 1981 

This appendix refers s p e c i f i c a l l y to the breakdown of fuel use i n Table 3.2. 
Fuel used i n inter-island shipping and a i r transport i s included, as i s a l l 
fuel sold In K i r i b a t i to Air Tungaru or domestic shipping* Total energy use 
for the various fuels reflects 1981 sales as reported by the suppliers, with 
adjustments made i n the case of petrol and diesel fuel to account for actual 
sales and from the Tarawa fuel depot. 

Household uses 

A l l kerosene and white benzine i s allocated to this purpose, though there may 
be minor miscellaneous uses as wel l . Nearly a l l LPG use i s estimated as the 
household share, though the hotel uses LPG for cooking as well. 

Transportation 
The amount of d i s t i l l a t e used i n transportation i s estimated by subtracting 
d i s t i l l a t e use in e l e c t r i c i t y generation and heat and steam raising from to t a l 
use, with the additional subtraction of a small amount used for other purposes 
(primarily f i s h i n g ) . Nearly a l l motor s p i r i t (some of which i s used i n 
subsistence and small-scale commercial fishing) and a l l avgas are allocated to 
this purpose, as i s jet fuel sold to Air Tungaru. 

Heat/steam-raising 

To our knowledge the only use of petroleum fuels for heat or steam-raising i s 
in bakeries on South Tarawa. We have estimated the consumption at 200,000 
l i t r e s per t o t a l though we have no confirmation from the industry 
owner/operators of this figure. 

E l e c t r i c i t y generation 

This includes diesel fuel used by the PUB on Tarawa i n 1981 (1486 k l ) , plus 
use i n the generators on Christmas Island. The l a t t e r i s roughly estimated as 
300 k l . A small amount (40-50 k l ) i s added for fuel use i n small private 
diesel generators. 

Other 

This heading includes estimated diesel fuel use by the fishing fleet (720 kl) 
and in construction and agricultural machinery. 
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Appendix: 3.3.1 

BIOMASS ENERGY USE 

Domestic cooking 

The mission did not undertake a survey of domestic cooking. It was evident, 
however, that coconut husk and s h e l l i s the most popular cooking f u e l . There 
i s apparently l i t t l e use of wood for cooking, except perhaps i n umumu. We 
w i l l assume here that 70Z of outer islands' households use biomass only, and 
another 20Z supplement biomass with kerosene (75Z biomass). On Tarawa, we 
assume that half of a l l households use biomass only, and that 25Z supplement 
biomass with kerosene or gas (50Z biomass). We also assume that 90Z of 
households make an urnmmi on the weekend. 

The quantity of husk and s h e l l or other residues used i n cooking i s not 
accurately known. We estimate consumption of 1 kg/head/day (oven-dry weight) 
for households using biomass only. For an nmumu, we use F i j i a n survey data 
for coral a t o l l s of 2 kg/head/umumu. 

In our calculation we use a Tarawa population of 21,000 and an outer islands' 
population of 39,000* Based on the above considerations, we arrive at t o t a l 
biomass consumption of 22,500 ODte, or 425 terajoules. 
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Appendix: 4.1.3(a) 

Annex 3 

STANDING BIOMASS OF COCONUT PLANTATIONS IN KIRIBATI 

Gilbert group of Islands 

Total area assumed 25,345 ha (D.A. Trotman, Agricultural Adviser, 
1980). 

Planting density of trees: 80/acre or 197/ha average. 

; Assumed recoverable volume based on W. Samoan data: 0.96m^/tree. 

Average weight of recoverable portion 1059 kg, at 56Z m.c.w.b. 
(Note: there w i l l certainly be a variation from this data for 
K i r i b a t i , though from observation i t i s unlikely that the volume of 
the mature tree w i l l be l e s s ) . 

Thus t o t a l stemwood (est.) 

5.50 m i l l i o n tonnes fresh weight 
2.42 m i l l i o n oven dry tonnes (ODte) 

Annual a v a i l a b i l i t y on a 60 yr. rotation: 40,300 ODte. 

Christmas Island 

Assume 2200 ha of plantation, and planting density of 140 trees/ha. 

Other parameters as above. 

Thus t o t a l stemwood (est.) 

326,000 te (as received) 

143,000 ODte 

Annual a v a i l a b i l i t y on a 60 yr rotation: 2390 ODte 

Volumes of timber released under the national coconut replanting  
programme 

Gilbert group 
Target i s 500 acre or 202 ha/year of new plantings 

Assumption i s that planting can be done on the basis of selective 
f e l l i n g of senile trees and replacement by seedling, rather than 
interplanting of seedlings and poisoning old trees to rot as they 
stand when young trees reach productivity. 

A l l parameters on yie l d are as above. 
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Total annual a v a i l a b i l i t y of timber from c u l l i n g senile trees -

202 ha x 197 trees/ha x 0.96 m 3/tree recoverable 
- 38,202 m3/yr. 

• Maximum production of good quality sawn timber w i l l be at 15Z 
average recovery for t o t a l standing crops (considering bent and 
twisted trees, and the proportion of dense timber) or 5730 nrVyr. 

A v a i l a b i l i t y of woodfuel net of timber i s 32,472 m3/year 
or 15,781 ODte/yr 

A v a i l a b i l i t y of woodfuel on South Tarawa. 

Combined t o t a l agricultural land area of Tarawa Urban East, West, 
Betlo and Tarawa South i s 1650 ha, or 69Z of coconut woodland area 
i n the Gilbert Group. 

Thus 0.06 x 15,781 ODte - 947 ODte per year on basis of the 
replanting programme. 

OR on the basis of a 60 yr rotation 

1650 ha x 1/60 yr - 27.5 ha/yr 
27.5 x 197 trees/ha x 1.06 te/tree - 5743 te (as received) 

OR 2527 ODte/yr 

A v a i l a b i l i t y of Coconut wood on North Tarawa 

Coconut plantation i s 1526 ha. Rotation i s 60 years. 
Annual harvest i s of the equivalent of 25.4 ha/yr 

- 2334 ODte/yr 



67 Annex 4 

Appendix: 4.1.3(b) 

HUSK AND SHELL FUEL AVAILABLE SURPLUS TO DRYING (GILBERT GROUP ONLY) 

In the South, including Tarawa copra i s mostly solar dried. 

In the Northern islands of the Gilbert group copra i s mostly dried 
conventionally with Samoan type k i l n s , using about as much husk and 
s h e l l that i s available. 

• For the K i r i b a t i coconut i t w i l l be assumed that the same surplus 
of husk and shel l applies net of e f f i c i e n t drying (using modern 
ga s i f i e r s ) as the Solomon Islands, i.e. 2.4 te husk and sh e l l (at 
37% m.c.w.b) per tonne of dry copra (allows losses of 20Z of t o t a l 
husk and s h e l l ) . 

For Solar drying of copra the t o t a l husk and sh e l l available with 
the same allowance for losses i s 2.9 te husk and s h e l l (at 11.6 
MJ/kg net heating value). 

Copra production i n the Northern Islands (Makin, Butaritan, 
Marakel. Abaiang) i s 1552 te (annual average). 

Total annual average 5269 te copra. 

Thus husk and s h e l l surplus to drying i n the South ( i n c l . Tarawa) i s (5269 -
1552 te) x 2.9 te - 10,780 te or 6790 ODte 

And husk and s h e l l available from e f f i c i e n t drying i n the Northern group 
(theoretical maximum) i s : 1552 te x 2.4 « 3725 te OR 2350 ODte. 

Husk and Shell generated on Tarawa 

Agr i c u l t u r a l area of 6250 acres - 2529 ha. 
Av annual production (1949—7iB) : 542 te/yr 

or 
Thus: 1488 te husk and sh e l l OR 940 ODte/p.a. t o t a l . 

Given the greater coverage of public f a c i l i t i e s and population i n 
South Tarawa we w i l l assume that only 50Z of the residue i s 
available there compared with 37.5% based on land areas. 

Thus: 940 x 0.5 • 470 ODte p.a. husk and s h e l l available on Tarawa 
South. 
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Appendix: 4.1.3(c) 
Annex 5 

POTENTIAL CHARCOAL PRODUCTION FROM COCONUT RESIDUES ON OUTER 
ISLANDS OF KIRIBATI (GILBERT GROUP ONLY) 

Coconut Wood charcoal 

Charcoal i s produced with k i l n s ; either 200 1 drums or 3m3 and 6m3 

mild steel k i l n s . 

Wood i s waste from mobile sawmills, or i s old trees cut into 30-50 
cm blocks with chainsaws or docking saws on the back of a tractor, 
and s p l i t into b i l l e t s with an hydraulic s p l i t t e r for drying. 

• Conversion efficiency i s 25Z wt charcoal per unit oven dry weight 
of wood. 

It i s assumed that on outer islands (other than Tarawa) sawn timber 
i s extracted at rate of 15Z (average) of volume of culled trees. 

Rate of tree f e l l i n g i s determined by the replanting programme. On 
the basis of land area 88Z of replanting w i l l occur on other than 
Tarawa. 

Thus; 

Total woodfuel production : 15781 ODte (2 (a)) 

That an outer islands: - 15781 x 0.88 « 13,887 ODte 

• Charcoal production (Maximum possible) i s 
13,887 x 0.25 - 3,472 te 

Coconut Shell Charcoal 

• Production involves changing the copra production method to finger 
cutting, i . e . dehusking, then s p l i t t i n g the nut and drying i n the 
s h e l l , either by sun i n the South, or by conventional drying i n the 
North. 

• Ratio of s h e l l to husk and sh e l l combined by weight i s 0.25 : 1 

Charcoal production efficiency i s 30Z recovery by weight of dry 
s h e l l . 

Thus; Tna-g-fmum possible coconut s h e l l charcoal production outside of 
Tarawa i s : 

(6,790 te + 2,350) - 940 - 8,200 ODte husk and s h e l l t o t a l 

8,200 ODte x 0.25 - 2050 ODte coconut s h e l l 

and 2,050 ODte x 0.3 • 615 te coconut s h e l l charcoal. 
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Appendix:•' 4:.2.5(a) 

Annex . 6 

SMALL WOOD-FIRED STEAM TURBINE POWER SYSTEM FOR TARAWA-KIRIBATI 

Parameters 

A 2 x 0.5 MW steam turbine power generation system i s Installed at 
the Temaiku bight as a base load station. 

Wood fuel i s coconut stemwood from North and South Tarawa, and 
Casuarina wood from the Temaiku bight and public plantation lands. 

Wood fuel w i l l cost A$20/te of coconut log delivered (i.e.about A$20 
per tree), and A$30/te of Casuarina delivered. This i s approximately 
$A45/ODte per coconut palm and $A50/0Dte Casuarina. 

• . The steam turbines are assumed to have a firm capacity of 0.5 MW thus 
producing 752 of the energy firm, and the two 0.5 MW units are 
assumed to be on line s u f f i c i e n t l y to provide an extra 10Z of t o t a l 
energy demand. This means that two units are on l i n e s l i g h t l y less 
than half of the time. The peak demand currently does not exceed 800 
kW. 

Boilers w i l l accept lump material. A n c i l l a r i e s w i l l consume 10Z of 
production including a l l power station use and losses. 

Overall e f f i c i e n c y is 12Z. 

Coconut wood fuel as delivered w i l l be 50Z m.c.w.b. and 8.6 MJ/kg. 

Casuarina wood-fuel as delivered w i l l be 40Z m.c.w.b. and 12 MJ/kg. 

Annual energy production w i l l be 4.82 GWhr (1982 e s t . ) . Thus 85Z net 
of a n c i l l a r i e s w i l l be 4.51 GWhrs produced and 4.06 GWhrs sent out. 

Cost of plant: 
Sea water cooled, low pressure turbines A$ 

(a) Steam-turbine-generator set A$500/kW 500,000 
(b) Boiler, furnaces, a n c i l l a r i e s A$450/kW 450,000 
(c) Cooling and feed water systems A$150/kW 150,000 
(d) Fuel handling and storage A$250/kW 250,000 
(e) C i v i l works, including 

buildings, yards, drains A$150/kW 150,000 
(f) Engineering (5Z of 

cap i t a l expenditure) 75,000 

1,575,000 
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L i f e of plant Is 25 years 

Maintenance Is 3Z p.a. or A$45,000 

Labour and salaried s t a f f : 4 s h i f t operation 

Engineering supervisor 
Foreman mechanic 

Semiskilled s t a f f 
Labourers 

Costs of production 

(a) Capital charges 

Discount rate 10Z, 
l i f e 25 years 

(b) Operations and Maintenance 

Maintenance 

(c) Fuel 

Coconut wood 
at A$20/te (4861 ODte) 

At 4275 te Casuarina 
wood at A$30/te 
(2565 ODte) 

A$8/day 1 
A$6/day 2 
A$5/day 3 

30,000 p.a. 
8,320 p.a. 
14,976 p.a. 
18,720 p.a. 

72,016 p.a. 

A$/yr c/kWh 

173,515 4.27 

45,000 1.11 

194,440 

128,250 7.95 

13.3 c/kWh 
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Appendix; 4.2.5(b) 

STEAM POWER FOR CHRISTMAS ISLAND, KIRIBATI 

Parameters 

A 100 kVa steampower system has been designed (conceptual) and costed 
for Christmas Island as part of the EEC regional energy grant to 
K i r i b a t i . 

Given appropriate load management and use of solar and wood devices 
on the Island the loads at the airport, hotel and Banana are believed 
to be served by a unit of this s i z e . Synchronization with the diesel 
system i s included for back-up and peaking power. 

Plant factor i s assumed at a high 80Z. Thus energy production of 560 
MWhrs gross i s assumed with 10Z use by a n c i l l a r i e s leaving 505 MWhrs 
at the busbar. 

Fuel i s old coconut trees i n b i l l e t s at 50Z m.c.w.b. on average. 

Cooling water i s from a very large (400,000 l i t r e ) storage tank 
system, fed from the roof and groundwater pumping. 

Fuel cost w i l l be A$15/te coconut tree delivered. 

Overall efficiency w i l l be 10Z. 

Plant costs (EEC contracts quote) A$ '000 

Steam bo i l e r 50 
Underfeed f i r i n g 75 
Condenser and deaerator 8 
Pumps, motors, a n c i l l a r i e s 13 
Plant control and switchboard 8 
Feedwater treatment 8 
Turbine generator set 38 
(Engine generator set) (83) 
Synchronization with diesels 4 
Spares and miscellaneous 21 
Transportation and packaging 21 
Ins t a l l a t i o n and commissioning 75 
Engineering 46 
Training for operations and maintenance 13 

Plus fu e l handling (A$300/kW) 24 

TOTAL (A$) 404 Steam 
Turbine 

449 Steam 
Engine 
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L i f e of plants i s 25 years 

Maintenance i s 3Z of capes OR $9,150 

Labour and salaried staff 

Engineering supervisor 30,000 pa 
Senior mechanic 4,500 pa 
Shif t supervisors (4) 14,000 pa 
Labourers (1 per s h i f t ) 6,240 pa 
and 2 extra on dayshift for 
fuelhandling .,. 3,120 pa 

57,860 pa 

Costs of Production 

1) Capital charges (or 370,000) A$ p.a c/kWh 

Discount rate of 10Z 
over 25 years 40,774 8.07 (9.06) 

2) Operations and Maintenance 
Labour 57,860 
Maintenance 9,150 13.27 

3) Fuel 
2344 to coconut logs as 
received at A$15 delivered 35,163 6.96 

Total for steam turbine 132,447 28.3 c/kWh 

and with steam engine 29.3 c/kWh 
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Appendix; 4.2.6 

Annex 8 

COST OF PRODUCTION OF COCONUT OIL FROM SMALL EXPELLING SYSTEMS: KIRIBATI 

Parameters 

• Copra produced In the outer Islands has a true economic price of 
A$136.40, as the cost of bringing i t to Betio to store and export i s 
A$87.60 (A$55/te freight plus A$20.60 Stevedoring plus A$12 port 
charges), i . e . Che price actually paid of A$224 per tonne may be 
reduced to the l o c a l o i l producer by the amount i n any case spent by 
the copra board. 

. On Tarawa the only costs avoided by l o c a l use are the port charges 
and stevedoring, hence the l o c a l price to the o i l producer i s 
$A191.60. 

Expeller i s the Hander Copra O i l expeller New Type v52 f rated at 40 
kg chopped copra per hour; A$3,600 FOB Singapore. 

Power chopper New type 'CA' US$4,090, FOB Singapore. 

F i l t e r press Type rA' US$3,330 FOB Singapore. 

• Power demands of 5hp Chopper motor, 3 hp expellor motor, V2 hp f i l t e r 
press motor at 75Z load under continuous operation i s 4.8 kW. 

E f f i c i e n c y of o i l extraction i s 552 ( i . e . 0.55 kg o i l per kg copra) 
and 0.6 l i t r e s o i l per kg copra. 

Maintenance including f i l t e r s i s 3Z of c a p i t a l expenditure (capex) 
p.a. 

Cost of a kWh on Tarawa i s taken at f u l l marginal cost of 35c/kWh... 
On an outer island i t i s taken as A$1.00/kWh produced from diesel i n 
10-20 kW capacity-machines. 

• Storage of o i l and housing and i n s t a l l a t i o n of equipment on outer 
islands i s i n 200 1 drums at A$30 each new or A$750. On Tarawa 
existing d i e s e l f u l l storage i s used. In s t a l l a t i o n and housing i s 
A$1000. 

Operations are 250 days/year, 8 hrs/day OR 2000 hrs and 48,000 
l i t r e s / y e a r and 80 te/copra. 

One semiskilled operator A$3000/year. 
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Cost of Production Tarawa Outer Islands 

1. 
2. 
3. 
4. 

5. 

6.. 

Copra : 80 te 
Power: 9600 kW 
Labour 
Maintenance and 
consumables 
Capital charges on 
a) Equipment $ A l l , 020 
FOB Singapore plus 15Z 
transport - $12,673 
Discount rate 10Z 
Housing, I n s t a l l a t i o n 
capitalised and storage 
1* outer islands -
20 z 200 labourers 
and A$750 - $1550 
11. Tarawa: A$100 
t o t a l 

15,328 
3,456 
3,000 

331 

2,680 

10,912 
9,600 
3,000 

331 

2,680 

167 252 

TOTAL 24,962 26,775 

per l i t r e at 48,000 1/yr 52 c/1 55.8 c/1 
c.f. d i e s e l CIF to agent 40.47 
Wholesale 52 c/1 
Ret a i l 62.c/1 

By product credit 32,Ate copra meal (10Z allowance for losses) must 
be A$5,534 or A$ 171/tonne to breakeven with the landed price to the 
government (as agents) 
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Appendix: 4.2.7 

WINDPOWER FOR CHRISTMAS ISLAND, KIRIBATI 

Paaameters 

Wind speeds on Christmas Island are alleged to reach 11 ms for 
sustained periods, though no record was sighted by the mission which 
substantiates this assertion. The lower and marginal l e v e l of 4.3 ms 
i s reported by Merz and McLellan (1978). There 4.3, 8 and 11 ms 
average windspeeds w i l l be analysed simply to Indicate the huge 
economic consequences of the range. 

The generator i n use w i l l be an elektro 10 kW (WVG 120). 

Details of costs of i n s t a l l a t i o n , maintenance and performance have 
been discussed with the Australian agent. 

L i f e w i l l be assumed to be 5 years. 

Equipment costs for 10 KW (9WVG 120) are: 

Generator, motor, automatic controls A$ 
spare parts, packing, Insurance and 
f r e i g h t . A l l at r e t a i l price. 12,500 

Tower (13 m), delivered 1,000 

Inverter (AC) 2 kw delivered 
to Betio 2,000 

Batteries: 60 x 2 volt c e l l s 
(27 kWh storage), including 
packing and delivery 2,800 

In s t a l l a t i o n of the wind generator involves erection of the tower, 
placement of the generator, and connection of central panel and 
battery bank. Specialist input i s required for two days. 

Costs of i n s t a l l a t i o n are: 

a) Tower base and erection - digging holes and preparing 5 m2 

concrete: 

Materials 
Labour 
(4 days x 2 men) 

$500 
$50 

Transportation by a i r of materials 
and equipment from Betio, Tarawa to 
Christmas Island $3,000 
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b) Consultant 

7 days (daily rate of $300) $2,100 
(Note; compulsory one 
week stay i n Christmas Island 

due to frequency of f l i g h t . 

c) Travel and expenses $2,000 

TOTAL $7,650 
Maintenance i s taken as 3% of capit a l expenditure per year. It 
Involves twice-yearly grease and o i l change, battery top-up and 
general inspection. 

Generator output i s conservatively estimated at 20Z e f f i c i e n c y 
compared with 38-40Z i n accordance with manufacturers' l i t e r a t u r e 

Power produced annually i s then: 

30,642 kwh at 8 m/s 
79,658 kwh at 11 m/s 

Losses through the system are derived as follows: 

Battery e f f i c i e n c y 70Z 

Cable losses 10Z 
Re c t i f i e r losses are 
regarded as negligible 

• E f f i c i e n c y of battery mode 
i s then 0.63 

Thus net power out i s (kWh) 

19,305 at 8 m/s 
50,185 at 11 m/s 

Present value (PV) unit cost 

PV unit cost - 7 7 t o t a l cost of production 
PV energy generated 

Present value costs per kwh are thus: 

13.5 c/kwh at 11 m/s 
35 c/kwh at 8 m/s 
and $2.26/kwh at 4.3 m/s 
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Appendix; 4.4.5 

Annex 10 

COSTS OF PRODUCTION OF CHARCOAL IN KIRIBATI 

Parameters 

Philippine k i l n method i s applied using 200 1 drums. Drums w i l l cost 
$A10 each and last six months or 125 cycles. 

One labourer w i l l manage 10 k i l n s using coconut s h e l l charcoal as a 
feedstock, recovery A$5/day. 

Production w i l l be 12 kgs per k i l n per day or 600 kg charcoal per week 
requiring 2.5 to 3.0 te of coconut s h e l l (as received) per week. This 
i s the s h e l l available after the production of about four tonnes of 
copra. 

Annual production i s then 50 wks x 600 kg - 30 tonnes. 

Charcoal w i l l be screened to remove fin e s . Screen w i l l cost $A50 
complete and w i l l last five years. 

Charcoal w i l l be bagged in multiwalled 10 kg bags with attractive 
labels, and w i l l be sealed with staples. Staplers w i l l cost A$50. 
Bags and staples w i l l cost A$25/te. 

• Other tools w i l l include scales, A$50, spades, hammer, cole chisels and 
t i n snips $A30. 

Costs of Production 

1. Capital Charges Per year ($) Per tonne 

. a l l tools over 3 yrs (10Z d.r.) 72 2.40 

. kilns at A$20/yr each 200 6.67 

2. Operations and Maintenance 

. Labour 1,250 41.67 

. Bagging 750 25.00 

2,272 $75.74 

Other costs include cartage to Che port for shipment to Betio, say 
$A15/te, and the cost of freight to Betio, A$55 (same as for copra). 

Costs of charcoal landed i n Tarawa: A$146/te 

If coconut shells are purchased at A$10/te or A$30 - A$40 per tonne of 
charcoal, cost i n Tarawa w i l l be about $185. 

Wholesale and r e t a i l margins of A$65/te (351) are then allowed to 
achieve a r e t a i l price of $250/te. 
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Appendix: 4.6.3 

Annex 11 

FUEL COST OF COOKING WITH VARIOUS LOCAL AND IMPORTED ENERGY FORMS; TARAWA, KIRIBATI 

Price/ Efficiency MJ per Cost/MJ Proportion of 
Unit (average) unit delivered cost of electricity 

E l e c t r i c i t y 1 36c/kWh 70Z 3.6 14.29 1 

Liquefied 

petroleum Gas $2.28/kg 50Z 52 8.77 0.61 

(LPG) 6.37 0.44 

Kerosene 60c/litre 30Z 36.7 
Charcoal (est 
retail p r i c e ) 2 

. locally 
produced A$200/tonne 24Z4 30 2.78 0.19 

• from outer 

islands $A250/tonne 24Z 30 3.47 0.24 

Wood3 

• Coconut palm $A40/tonne 
trunk wood 
a) 30Z m.c.w.b. 15Z 12.5 2.13 0.15 

b) 40Z m.c.w.b. 10Z 10.3 3.88 0.27 

Casuarina 

equistafolia A$40/te 15Z 14.5 1.84 0.13 

30Z m.c.w.b. 

FOOTNOTES 
1 Full marginal cost assessed by mission; see appendix 6.5.1 
2 Coconut shell charcoal is about 33 MJ/kg (HHV), though a mixture 

of coconut wood and shell is most appropriate, hence a lower 
figure is used. 

3 Calorific value of wood is 19MJ/kg OD coconut wood and 22 MJ/kg 
OD Casuarina wood. 

^ Efficiency recorded for PNG and F i j i charcoal stoves. 
5 Efficiency to cooking surface of slow combustion stove; dry and 

wet wood. No credit for water heating. 
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Annex 12 

Appendix: 6.5.2 

COST OF ELECTRIC POWER ON TARAWA, KIRIBATI 

(a) Capital charges 
Estimated present day replacement values of major capital equipment and 
capital charges 

'000 A$ Life Recovery factor Annual charge 
(102 dis.rate) 

Buildings 100 30 0.106 10,600 
Generating Equipment 1980 15 0.131 260,370 
Transmission (llkV) 370 25 0.110 40,774 
Distribution 345 25 0.110 38,019 
• Lines (415 V/240V) 
. Transformers (50-200 kVa) 124 25 0.110 13,665 
• Meters 106 25 0.110 11,682 
Vehicles and plant 100 5 0.264 26,400 

$401,510 

NOTE: Replacement values are based on $500/kW installed capacity of 
generation plant, $15,000/km llkV (submarine), $ll,000/km, llkV 
(ground), $5,000/km 415/240V transmission, $40/kVa transformer 
capacity, $50/$150 for single/three phase meters. 

Sales and Production: 

From the records provided 3,280,275 kWh were sold in the nine 
months July *81 - March '82. 

The production for the same period was 3,689,910 kWh. 
Thus 

we w i l l use an annual figure of 4.3 GWh sold and 4.9 GWh 
generated and 12.22 losses. 

Thus capital charges per unit sold: 9.34 £/kWh 

(b) Fuel Costs 

Diesel sold to Che FOB was 51.9 c/1 (June 1982) 

Overall fuel efficiency is 31.52. 

Lubricating o i l use is 32 of fuel cost of generation. 

Losses are 12.22 

Fuel cost i s : 18.41 $/kWh. 
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(c) Operations and Maintenance costs 

These data are derived from the revised 1981/82 budget, and the 
- 1982/83 budget 

c/kWh 

Generation 4.20 

Transmission and Distribution 4,45 

(d) Administration 

This information is derived from an arbitrary partitioning of 
costs between the power and other sectors of PUB operations. 

c/kWh 

Administration 1.25 

Total cost per kWh sold: 1982: 37.65 i/kwh 
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