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1. INirorU:TICN 

1.1 We have ;:akal tre definitiai of ''mil'li hydro" as a StB.ll. 

(up to 500ldi) cydro statim, used to SURJlY electricity to villages, 

which are isol<:ited £ran the natic:nal. supply system. ~ly all 

statims a.nsidered are in the 20ldi - lSOkW rarge. 

1.2 We bEgin with a descriptim of Fi.Ji. Reference is nade 

to tre cli.rtrr..e and i:;ize of j slands ( i.ltp:Jrtant factors in the hydro 

resources available) and the denand whidl affects tre scale of 

developrent. Tne authorities responsible for electricity siwly 

are described. 

1. 3 'The engineeri."lg investigations to ide'ltify sites are 

set rut. Likely dE!T'al'ld and the ec:o::'lanies of supply are referred 

to. 

2. FIJI 

2 .1 r'ij i ccnsists of a group of over 100 islands in the South 

Pacific, lyir1g between latitude 15° and 22° South and longitudes 174° 

West, witli a total lam area of sane 18,400 sq. kn. No nore than 100 

islands in the c;r-oup are penranently inhabited. It has a populatioo. 

of about 650,000 of "'11ich ~roximately 90 percent lives en the bi«> 

rTBin islan& of Viti I.evu am vanua Lew. It has a typir~, tropical 

oceanic type of climate. nodif ied by the m::uitainQJS ranges of the 

lari;:e isl~ ""11.ch lie athwart the prevailing South-East taOe winds. 

Terperatures range bP.tween 60° and 90° Farenheit (15. f> - 32.S0 c). 
'!he bO ll'Bin ~slands have distinct: wet and dry zcries, with the North­

West \ 'dry') zaiP.S experiencinq average annual rainfall of about l, 800nm 

carpan!d with the Sooth-East ('wet') zones ""11.dl have an average annual 

rainfall of about 3,3()()im. 
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2. 2 Vi ti Levu, the largest island has .a high r:ountanous 

interior, intersected by several deep river valleys with substan­

tial areas of flat or rolling coastal lands. '1'1ese are cultivated 

intensively, rrainly for sugar cane, 00 fairly .srrall ooldings. 'n"lere 

are several toms, and a ccnsiderable mrrber of resorts in suitable 

parts of the coast, with significant electrical demand. A BOM'J hydro 

statioo is reing ccmnissicned in the centre of the island this year 

and this will suwly by neans of a 132kV tran.smissicri line the 

devel~ areas in tre east and -west. Ar. this stage the line will 

have atly the hydro stati01 supply in tre centre with substations 

atl.y at the two ends. t:eveloprent of 33kV and llkV lines Will see 

this systan supplying nearly all of the islands demand. 

An exceptioo is a snall area suwlied by a renotely cx::J'ltrolled diesel 

staticri. There are h:::Mever nurrerous villages in the interior rarote 

fran the main suwly systan. .sane are accessible by road, others not. 

Mcst have a 'sulEistenre' ec:onany, planting and harvesting their crops. 

and fishing in streams, '!here is often little c:xrmercial gro..ring and 

selling of crq:> or otrer camercial or industrial activity which will 

provide a cash incare for the purchase of electricity or electrical 

awliances. These villages are where mini hydro would be of use. 

2.3 Vanua l.evu, the next largest island, has much less develop-

rrent than Viti I.evu. It has at present two separate supply and 

distrib.Jtion systans. There are areas of developrent outside these 

where extensicri might by justified, although ir.teraxmection, oecause 

of tre distance is still unecxrianic. A study has been undertaken of 

tre best means of future developrent, and there are sane useful hydro 

sites available. While snall, (up to ~) they are outside the 

def.initial of mini hydro given earlie=. Other sites of the isolated 

'mini-hydro' type are available. 

2.4 Q1 the next largest islard, Tave\.l'li, investigatioos into 

a mini hydro installatiai has gene oo for sate years, and it app~ars 

likely a statioo will be Wilt in the next year or so. Sare studies 

have been carried out in other snaller islands, wt the usual problem 

is dry M!!lather flow fra11 the small catcinent available, with the wide. 

variatioo in rainfall. 

, 
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3. El.EClRICITV SUPPLY 5i'STEM 

3.1 'lhe main organisaticn suwlying electricity in Fiji is 

the Fiji Electricity Aut:rority. 'Ihe Public Works Departrrent, however 

is respcnsible for what is called rural elect.rificatiai, which is 

the sug>ly of electricity, usually subsidised, to small isolated 

cx:rrtrunities which 'WOUld otherwise not get it. At present the supply 

is usually by snail diesel sets (up to lOkW), run for a few J:nirs 

in the evenin;J for lighting loads only. It is in this area trat mini 

hydro l«JU!d be expected to be of use. 

3. 2 '!be Fiji Electricity Autix:>ri ty (FF.A) was established by 

Act of Parlianent in Al.gust 1966 as a Statutory Jwtrority to prat'Ote 

am ena:iurage the generation of energy to aid the ecxllCJrric develop­

rrent of th! camtry. '!he Act required it also to advise GovermEnt 

en all natters relating to tha generaticn. transmissiai, distribu­

ticn and use of energy and to establish and operate su:::h electrical 

installatioos as the Authority might deem it expedient to establish 

'lb sh::Jw tha increase in cErra.nd. - at the tine of its establisl"rrent. 

the Authority's installaticns were limited to two Government owned 

suppliers at Lautoka on the main island of Viti I.eV\.l, a"ld I..evuka ~ 

the islam of ovalau, and to tre po~r supply at Nadi Intematiooal 

Airport ai Viti Lew. Toca! CalSuners m.rrbered 2, 500. Since then 

the FEA has taken over aiid expanded a nurber of electricity S\JR)lies, 

including th! Suva City suwly. At the end of 1981, the Authority 

owhed am operated a total of all }"'O'Ner supplies with an installed 

capacity totalling 85 Mt/ and a finn capacity of 44 Mol. The total 

nurtier of ccnsuners at tre end of 1981 was 42, 2 44. D.lri.ng 1981, it 

sold 206 001 of electricity. with a maxiJTun derrand of about 4<l+l . 

.L.. fQl'OO'IAL HYJ:R) ~ 

4.1 Both tqiography and climate have i.nportant effects ai 

hydro resources available. 'Ihe climate here has distinct wet and dry 

zaleS, ·and the rainfall pattern can vary quite quickly over a oatdl­

ITE!l"lt ot bebleen adjaCEnt catchnents. As well, there is a prcn::>l:lloed 

pttte.m of dr/ and wet seascns each lasting about half the year. 

'l1lere is also a great difference between wet and dry flows in nost loog 
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term hydrog:ratils, and this is particularly so !n the StB!ler strears 

in the nnuntains \llhere nuc:h of the hydro potential is lOCBted. 'Dle 

result of all this is wide f luctuatialS in flow unless storage is 

available, and this is quite mlikely in our mini hydro sites. I.ow 

flows am be up to cne tenth of nean flows, and can range fran 
3 .2 .001-.0lm /sec/km. 

4.2 '!qX:x;µ:aphy is often steep and rug:;Jeci, and cne expects to 

find useful si~. However, there are diffirulties, and not very rrany 

good sites. In tre case of tl"e ~ statim being a:JTpleted this year 

in Viti Lew we are fcrtunate to have a high central plateau ending in 

a vertical esca.rpnent. Not only d:Jes this provide good head, for a 

reascnably sized flow, but tre plateau is flat ~ for a dan to 

provide adP.quate seasonal storage. Ch the other hand partiOJ.larly 

in Vanua I.evu the rrountain ranges are tte steep razor backed type, 

so that usually wh:!n catchnents have reached tre size to carry useful 

flows, there is little head available. .Anotl'Er factor fran the geological 

origin is that there can be permeable strata in tre formatialS, or stress 

or tenperature cracking. ?-Bey of the rocks too. decucp:::15e or weather 

to red clays in tre 1.ocal climates. 'They are very sensitive to noisture, 

Md diffio.:.lt to work in any sort of \.let cx:riditions. It is the case too, 

that trere is little fine material in sand sizes, causing problems in 

getting these rre.terials at lo'ori ccsts, not only for dam cx:rist.Iuction rut 

also in road and otter cx:ristruction. Sites are often located in iso­

lated areas, with high access and transmission line costs. For mi.:1i­

hydro ther.e ~ to be no sites with storage. Also many streans 

drop quickly so little head is available when the flow is adequate 

for mini hydro the reference to clays applies ltilinly to pipe line 

routes al.mg the side of a valley to gain head. 

4.3 'lbe end result is that while much of Fiji has high rainfall 

and is steep high oountry: ttere can be serious defici~cies in low 

flc:MS. For mini hydro, particularly, storage is lD'llikely, and 'f.i..nn' 

output is usual!} quite low, o:npared to 'average' output. 

. I 
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4.4 Fiji has capable organisaticns dealing with rreteorology 

and with hydrology. A feN recording staticns have recor&; going back 

rrany years, and there are now quite a nuti::ler of staticns. a::iwever, it 

is often tre case they are not close to a c:atd11eut mder investigatioo. 

There have been studies in various investigaticns of assessL~ run-off 

fran rainfall and evapotranspiraticn r>...;.id also of extendi.nq records 

fran a relevant statioo by seeking a carrelatioo with a distant statioo 

with a loog recx>rd. Results have often been uncertain, probably mainly 

due to the factors menticned earlier of variable rainfall patterns in 

steep and broken tcpography and due to srrall and caicentrated stonns 

rrcving in a randan fashicn. l®loff and catdment losses can also vary 

fran tl'Bt expected fran rainfall figures. Sane dry flow studies a.fer 

srrall catd11ents in ooe part of the country showed quite wide and 

surpris~ variaticns in results. rray be due to different losses and 

different ground water starag-e ccnditicns in c:atchrents of volcanic 

background. It "'°'11.d be sound practice to creek dry llleClther flows 

over several years. probably with a V-notch before installing a mini 

hydro set. 

5. INVESI'IGM'ICNS 

5.1 In Fiji, while we have sare problems with deciding en 

design flows, we are ~11 off for infonnatim for iden~fying likely 

sites. 'Ihe country has a <;µ:>Ci series of 1:50,000 maps with 100 feet 

centaurs. While not close enough to clearly identify sites, they do 

serve to fix c:atchrent bo\.l'ldaries. and also steep grades in creeks 

as a first step. We also have an excellent series of aerial photo­

graphs prod.Jred by New Zeaiand Aerial MafPing in 197a. As well as 

showing topogiaphic features these sl'x:M villages (allowing an estimate 

of size) access tracks, poss ..llle signs of instability in the country, 

and also land use such as o.iltivatioo in a power l'nlSe or pipe line 

site. or logging in a catchne'lt. A recent a!nSUS of Fiji qi•JE.S 

info.cmatioo in village sizes and oca..1,AU'lc:.y. 
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5.2 D2sk studies U£ing map and aerial pl'ptas are the first 

step in i<P.ntifying JX>SSible useful sites. In many ~--eas creeks drop 

quickly so that by the time the catclment is of a useful size, there 

is little head left to be developed. A potential SUJ:Ply has to be 

linked fairly cl?sely to a village, and this also limits the useful 

sites. Sane desk studies arrl infonnatial al cnsts indicate that 

belOii aOOut 20kW ccsts beo:ne unecoo.cm.ic and this requires a load 

fran a large villa;1e or a gruJp. 

5. 3 Engineerirx;J costs csn ec"".Sily get out of hand with mini 

hydro. We have taJcen the next staga after desk studies as gramd 

reconnais~ using an aneroid for heights, and an enlargenent of 

an aerial ph:1to, to rrark in details, as a record. Sane sites are 

accessible (wit.~ a fe.1 kilaret.res) by road, for nt.hers a helicopter 

is necessary. '!his hopefully ideiitifies likely ld}'O\Jts, and the next 

stage is cutting lines, an1 a survey of intake - silt traps - pi_pe line -

i:ower house route to fix levelF ~the aneroid often gives c:bubtful results) 

and distances. Ser.le study of foundatioos is needed, but structures are 

usually srell (or tle sdlere is unecooanic). The J1Bi.n foundat::>r. 

problem; are likely to be "'"l.th benches for pipelines. Flood levels at 

the intake and also tre po.ier house are needed, and an indicstial is 

usL-ally given by vege•..ation levels. Signs of tre creek all'I)'ing silt, 

(or large rocks in flood) or other debris are noted. Logging in the 

catclment can result in a ccnsiderable silt and tjntJer load. To keep 

costs cb#n, mudl of the line survey CBn te plotted al the aerial 

6. ID?iND 

6.1 We c:D not yet have en<:JlJJh inforrretlm in de1end. With the 

Public Wom D!partl'nent rural electrlficaticr., each h:Jne usually 

has 1 20W floorescent tube, and a plug. 'n'1e plu;;J appears to be used 

cnly for an irai, there apparently being few other appliances in 

villages. 'l11us a village of about 25 dwellings is sun>lied by a 

diesel set of 7.5 1'NA nming for about 3 hours eadl evening. Study 

is needed m vl'etner a hydro set of Sa'f 80 kW l«Jllld ~ increased 

demmd, or whether industry sud'I as saw-millfm, or crop processing 

would be set up. 
I 
I 
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6.2 We need a.study oo the level of reliability required, 

:inked With reliability of water supply for stated periods. For 

li~tinq loads alooe, cuts for a 'Week or so a year could be 

acceptable. If the load includes indl.strial use such as a saw 

mill or refrigerators, <:>r camerd.al use, or in the health centre, 

greater reliability is needed. In sare cases use of a standby 

diesel may be justified to carry the essential part of the load. 

7. roKMICS 

7 .1 As With de!rand, rrore 'llOI"k is required ai the ecxnani.cs of 

mini hydro, not atl.y al the CXJSt of an installatiai, but al hcM the 

a:>sts slDuld be met. The supply of pow:!r to rerrote areas might be 

regarded as a social cost, as is the provisial of reading, schools 

and health centres to trese areas. 'Ibe degree of s~ .... rt", of course, 

is for Government to decide. There is a good deal of aid provided 

to Fiji by various oountries and organisatims, and electricity 

supply can feature in this. 'Ihe crrount of aid can have great effects 

en the Viability of a sdlE!l'e. With aid. it is necessary to be clear 

whether it includes the whole scherre or the tu~~/gP.nerator or 

engineering alone. n-,e pipe line costs and/or distributioo hare 

wiring costs alone can be substantial, in villages with little cash 

available. With aid, too, Governrrent select sd'leres fran a range of 

proposals, of which hydro i.::: atly ooe, so selectioo rreans sare other 

schare is not carried out. 

7. 2 In the smaller sizes of hydro say below 20kW, the cos~.s per 

kW g:> up rapidly. A 4kW Pel ten wheel/generator costs abwt $10, 000 

landed in Fiji~ while costs of installatioo, pipe line, distributicn 

will increase this several tirres. For a .smtll set, the a:>st of the 

intake, clearing for a pipe line and p:JWer house, engineering and 

investigatioos remain rro~ or less cc:nstant over a range of sizes, 

while the cost of the pipe line, desilting arrangener1t and ruilding 

for the set, do not g:> cbm pro rata with the output. This, for the 

first sets '<le propose to limit the supply to large villages or group, 

with a demand bf 20kW or 1TCre. 
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7.3 Investigaticns should al.so ccnsider the alternative of 

S'UR>ly fran tl'E exist~ system. It seem.5 that by the use of SWffi 

(Single Wire F.arth Return) systems, and careful design for ea:l'lCJTtY, 

that linking of the main hydro system smuld also be ansidered, when 

the length of line CXl1llect.ing is up to lOkm. 

7.4 We are interested in work by a Chinese organisatioo in 

producing a range of standard turbine/generators 'Which is clairred to 

substantially reduce oosts of this equiprent. Pipe lines often co.st 

rrore than rrachine, and we need rrore information en the relative rrerits 

of plastic, asbestos-cerent and steel at VaJ...LOUS sizes am.1 heads. 

8. REVIEW OF INVESTIG.TIOOS 

A ~ deal of -work so far has resulted in sare likely sites 

being eliminated and others s!'lJwn to re pranising. 

A. A low head schE!!re. The village was within 6km of 

an existing distribution line, and the set wa.Jld have 

been too small anyway. Elim.inatE'!d. 

B. An area in tre r.ortheast. Th.is was looked at in the 

dry sea.soo. Flows were far too small for anr develop­

nent. Eliminated. 

C. Several villages alcng a sizeable river 'f!llere looked at. 

I:Ertend would be fairly l°"', these appeared little head 

aVailable, and the river was subject to very high floo&;. 

Eliminated for the time being. 

O. A scheme to supply several villages, and possibly cr.:rmer­

cial and service centres IJ(l to ab?ut lOOkW. nus has 

been investigated under aid for several years. It is 

tednically sound, but expensive. With aid it is likely 

to be built in the next year or two. 
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E. A recoonaissance of two sites in rug;red country 

near several vill~. Both of these, fran 

ca.tchnent area and head sh:>uld produce 50-120kW, 

rut a calSiderable length of distritArt:iai line will 

be required. These and a further similar site are 

-..:>rth further investigatioo. '!he next step will be 

a helicq:iter recamaissanoe of araas not reached ai 

foot, and then line cutting and sµrvey. 

9. Sllf?.RY 

Fiji has potential for mini hydro and has facilities for 

identificatioo and investigatioo. Cbsts are likely to be high. 

F\lrther i.rwectigatioo is needed of demand and develq:JTBlt of future 

electrical loads. 

I' 
I 
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