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The paper COiiet'> a brief write-up on tfo'.e adhities d the National Elec:trk:ly Board on its smal 

hydropower proiec:U wit~ special refetenOI! to the ways and means d cost A!duttlon adopted. The 

subject d cost leCllttion Is ciSOJssed from 20 aspects d Snal Hydro Power Generation from the 

feaslbilty stall! d the pro;ec:t right up to tlie oper.atlon d the station after commissioning. To obbln 

a S&pJential format this pzper is written with the 111bheacings as follows:-

1.0 INTRODUCTION 

2.0 FEASIBILITY STUDIES 

3.0 SURVEY wo.u< 

4.0 ECONCMIC FINANCIAL ANALYSIS 

5.0 TENDERING PROCEDURES -

6.0 CIVIL DESIGN AND CONSTRUCTION 

1.0 ELECTROMECHANICAL EQUIPMENT 

8.0 TRANSMISSION AND DISTRIBUTION SYSTEM 

9.0 CONUUSION 

As a utilty, then! Is the need for the N.E.B. to achieve a coqmmlse between .:ost leClldion 

and the resull• quaky. Hence the methods d cost recirdlon adopted 'Nete such that the end 

procllc:t Is stll ln C0"1Jlance with the safety requirements an,t satisfying the local Building Dye laws, 

the local Machinery Department and various other authorities. The conc:q>t ~cost redudlon ls al all 

times adhered to cluing design and construdlon stall!S· Whether the resul Is lrnmedate or onlv 

realised through time, cost redudlon rernalr.s a contlnui"lt uercise in the implementi:,lon d small 

hydropower 1>ro;ecu In r'ils country. ''hat this paper hqJcs to achieve Is to brinR to surfaa!, for 

purpose d further -Jiswsslons, both the obvitJUS and tlM? non-obvious an-a' and aspeds d SltP 

l!neratlon where cost can be further reduced °' even co1~lctelv eliminat~d. In short, the alleria 

here Is 'cmt effec:11-..iess' d the design and methodolOIV adopted. 
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1.0 INT1lOOUC110N 

At present wilhin the N.E.8. there Is lmited Wid atenslon to rural and isolated a1a1s dJe to 

loiw clst.ances. cWfic:ull terrain and most i...,Oftant d al\ the smal demand. These fadors 

contribute to the wrv high cost d bult supplv to these areas. The W!fY isolated areas are now giwn ' 

electricity -lllPPlv bv clesel aeneration where supplv is ~n for only 12 hours per day. Oesplle the 

high q»erath• cost. this form d supplv is stiU pradised in an!Bs where use of alternathe forms d 

ene11r is not feasl>le. Pmentt,< the N.E.B. ls wortd,. fuU speed ahead on SHP aeneration with its 

22 pilot projects which are In various stall!S cJ C0111>letlon. Pl'!J)aratlon wOfk for the i...,lementation 

d another 12 projects with the yau 1CJ8S as the taraet Is bei"I Guried out cona.1rrend1 and with this 

amount d involveme~ it is onlv lofJcal to haw the cost red.adion asped more seriouslv consideted. 

It is undeniable thlt SHP projec:ls are hiahlv capital intensive and nqulres a lollll!r time span when 

compared with clesef llJ!neralion. Howe.w, when a detailed economic evaluation brf the method of 

the present value analvsis is na._ it has been found that there are possibilities cJ maid,. the 

projects economic. Use d micro cosrputers has been adopted with a speciallv deslaned propamme 

whereby spee6t assessments d the economic feasibility d a project usiiw cash flow analvsis can be 

obtained. Despite the avallibility d such aids, the concept d cost redudion need still remain with 

the engineers in a;! staBeS d the pro;eci. This is to avoid the adopticn cJ attitude or conapt that 

SHP is a scaled down najor hydro electric project. This is espedallv so with SHP projects wherebv 

the desian and the sub5411uent cost to be Incurred is so site specific and with the eldleme 

ll!OIPl>hical and physical variations. With the pilot pro;ects the cost r.tllll!S from USS1(D) to 

USS«D> per KW as shown in Fig. 1. The wide ranae d cost is attributed to the fad that the cost is 

so site ~.ndent and factors Ike construdion of access roads, transport charll!s, adwrsity d site 

conditions and terrain, ~vait.ble head and flow, type d turbine installed etc. heavitf Influences the 

final cost of mch projec:l. However It ouaht to be iemembered that cost reduction need not be 

confined to materials and mmpower onfv. Considerable savinas a11n be achieved brf the closer 

eunination of the methodoloav involved. WOO< prOCP.d.lres In, for exaq>le, feasibility studies, 

tuM!Vin& purchasliw etc. constitutes a considerable portion ol a project as a whole. 

2 .o FEASIBIU IY SRJIJIES 

As a fad we know that for .sny rural area mrmarked for Sltr hydroloRi<"al dna will tw. ~Am• 

amt couplr.d with the I.US! variations in the hydrolosk31 patterns, these lttle frw datas available are 

nae on all OC('..ilsions coq>letely ruli.Jhle. A cm~lete and detailed ~tudy would '"' ~?ry costly amt 
time consumina and may be a contributary [ador to the lncrrase of the final J>rojl?ci cost. I\ good 
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soon:E d infomatlon for a .;~n SHP souroe would be from the local inhabbnts who are in the 

position to ~ approximate Information or. annual rainfal patterns, high flows or flood lewis •nd 

CJther hydrological information. The N.E.B. has bP to now reled on tapographical maps and even 

aerial phd.01Ji1Phs, where avallab~ for the prelminary Information. As such, research In the office 

and a brief site vi:;it is al that is necessary up to this point. As fOf' the hycfrolotliall data. the N.E.B. 

Is priviletled with the data made available by the CJther n!lewnt authorities in the country. Stucles on 

specific la,.e catchme~> are used as parallels to oor miri hydro pCJtentials In the neiiJhboori111 aras. 

The sub581Uent site visit woold onlv be for confirni111 the data available to ensure that n!O!nt lod111 

adifties and developments for water and land irrWatlon schemes has nCJt atered the catchment 

concltlons. 

J.O 5Utvl1S 

In order to avoid high cost cl site sunievs, the work is initiated with a n!Connalssance SUM!V 

for the approximate location d the ir(alce structu~ pipeline route and the power station. I nitlal 

levels a~ measured by means d atimeters and the abundar( use d site phCJt01J3Phs nas been found 

to be of great use to the designers when exeruti111 office work. 

The actual detailed SUM!V Is G1rried out only afier the preliminary details are obtained. These 

sunievs would normal~ Involve the determination cl acauate contours and providirw also the 

acwrate pipeline route, surll! tank position, intake structures and the power station location. 

Drawings are also made at sl!P. where\'er possble to avoid the makirw cl numerous subsequent site 

visits when err~s and misreadings are detected. 

4.0 EC<M*IC FINANCIAL ANALYSIS 

With all the relevant data available the power lll!nef'cltion i~ used to dloterminr. the Benefit/Cost 

Ratio and the Internal Rate cl Return (IRR) for the partirular !JJlljr.d I.e. the diKount rate which 

equates the present "9lu~ of the scheme's eicpec:ted bcnr.fits to iU estimated co~u. The following 

economic parameters are used in our cvak.iations: -

(1) discount rate 

(2) rewnue esca'9,ion 

(3) aperatlon and maintenance escalation 

(4) ymrs of escaLltlon 
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The cost sbam for mch scheme Is based on our ~from projects ._. arried out. 

A 201 contlnaenc.v and 101 inclrect cost is laded In the ewmitlon. The cost stte1m lades 

OM works, elec:lromechanical -...~ transmission and clstrlJutlon cost. 

With the abCNI! proc:eduR. the most ~nt aspect considered by the N.E.B. is a pd 

internal tale d Rb.Im. Based on this eallatiot\ a scheme is c.onsidered •ble I the IRR Is men! 

than 101. It· sould be noted that the analrsls has wiery nuch to do "¥1th the mpltal cost d the 

projec:ts. As such, lft9l emphasis Is put Into the R41ction d the total cost d •ch proied. As a 

utllty, the N.E.B. ato has to meet Its socio economic oblptions. If anr d the proiects were found 

to be rather low in the fimndal IRR, the nect step Is to look Into the lnla"lible bene&s and other 

unseen quantities that may be able to push up the Internal economic rated the proiect. In al the 

analysis, al future msts and revenue~ an! clscounted to present wkle d cost and revenues. To 

fadbe this whole proc:eGIR. the use d micro-computers have been adq>ted and has been found 

to be ~ suitable for this purpose. 

The Natioml Electrtc:r~· Board, as a utilty, has its own tenderlnt prCJC2Cllres. For the civil 

works, the present method used Is the BiR of Quantities method. With this method It has been 

found that the flnal contract sum tends to depart from the or19 .. 1 sum by a considerable arncunt. 

This may be attributed to the fad that sewral desip chaflll!S wee made durf• construction as 

these pr~s were actuallv pilot pr\Jjec:ts. However, It Is now l!nerallv felt that this method d 

tenden111 •ws the efl1)1CJW91' with wry lttle control on the projea cost and also nqulres a wry close 

supemslon. Efforts are, however, beint nade to look Into other ways d tenderfll the c:hll works. 

With this in nind fl• proie<ts went IP•n out on 'FULL TURNKEY' basis and these projects are 

in progress at time d writlnt this paper. Proiects pen out on this basis cost more than the 

proiec:ts that we ha• arried out ourselws. The possibility d cost reduction usint this basis Is yet 

to be pr~n. The. potential savings here may be In the ~ctton d implementation time. The Mini 

Hydro Otpartment Is at the moment studvlns Into the possl~lity d tendering on the 'Luq> Sum' . 
basis which wlH Nnder the employer d the cortrac:l a better control on the project cost and avoid 

•nation orders which mmv s:c> beyond conlrol at times. Howe\er, this mtlhod wlU ""ulre the 

a,ntractor to mike a wry acwrate assessment cklrint tendering and the employer will need to furnish 

the contradors with acwrate final cfrawlnp dunns tendertns- This method Is stll belnt stucled and 

c 
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it Is hoped that this subjed will be r:J common interest at t:le dlSOJssions at this WOlkshq> whete 

this paper is to be presented. Whatever the tendering method Is adopted, the rule to adq>t at• 
times is SIMPLICITY. A sit:11>le tendering prOO!dure with siq>le and precise specifka:lons wll 

definitely ~ to recilce the tender prices. This Is also true for the electromechanical 91Ulpment 

prowrement. It seems wry common to ha¥e specifications for Mini Hydor equipment that are so 

elaborate that it a<tually seems to ha\e been written for major hvdro «fUlpment. Spedflallor.;; 

should be si111tle and not restrict the tenderer to the extent that the modifications he has iO carry 

out on his equipment In order to satisfy the niquirements wiD lncnase his cost and these 

modifications Rlil'f n~ eo.<en be beneficial after alL Strid spedficatlons wil also discoural! the 

manufacturer d turbines to ma:;s manufacture but Instead manufacture to design ta:1Uirements as in 

ma;or hydro turbines. 

6.0 CIVil DE5ICN NE CONSTllUCTl<»t 

The dvil cost constitutes i:he major portion d the total cost r:J a small hydro power scheme 

and it is In this a1&1 where a greater effort for cost reduction is called for. It Is also aweeable that it 

is in this area that cost iecbction can be eilSily exercised to the maximum. It Is here tMt we rrust 

ful.,. utilise the site auets and to concentrate on local materials and alternatives. TechnolO(CV 

dewlopment and adaptation can la'it?lv contribute to ie<lidng hwestment cost and to lnaeaslns the 

use of local equipment and materials. The National Electricity Board has taken adwntall! d the site 

assets like w~d. boulders, rodts etc. as part d the structures to red.ice cost. Concretl111 works 

has got to be minimised especially when it invoM!s brintdna Into the projed aA!B arll! amounts al 

cement and steel. This Is espedalt,- true where transportation to site Is difficult and expenslw. 

Where possible and practical N.E.8. erects the weir structures on rodt beds and lncorporatin(I well 

sea.ired boulders as part d the system. Apart from saving concrete cost, the cost of t!J1Pensiw 

blilStifll activit~ is also avoided. Wood Is also used as P•rt d the weir stru,tures. 

For the water conci.ictlon system, use d easily available high de~.~ty polyethylene pipes are 

beilli adopted for the low pressure section. The cost al these pip~ are cofY1)arable to their steel .. 
cour~erparts but considerable savings 01n be ach~d di:e to their msler and chmper hancllna 

qualities. Furthe~ the>i do not l'ft1Uire the normal malnter.ance Mte palntlnt ol the steel pipes. 
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Anchor blocks for the pipelne Is another lem where large conal!tlng Is Involved. Here cost 

can ~ minimised bv burvtna the pipes where suitable. Used bedrocb for anchoring also red.Ices 

cost considerably. With aareful desl1n of the e:ectromechanlcal systerr\ slow dosing tlnie d the 

emergenc.y Inlet vaM! C3n reduce the size and num~rs d anchor bloc::ks nqulred. Use cl used a:id 

discarded Items Ike wooden poles, which Is abundar" In a utllty Ike N.E.B. for use as pip~ supports 

can also In a small way reduoe cost. 

For the construction proper, use d indaenous methods should be thougt.t cl. Bringing 

sq>hlstlcated nachlneries to these projed sites Is expensi\<e. He1M2 methods Ike the use d cables 

and loa rolling for handling pipes and other hmvy Items are also to ht= furtt.er deYeloped. 

7 .o B.ECTROAECHNUCAL EQUIPMtNT 

Various types of turbines Ike the Propeller, Kapliin, Francis and Pelton are eicpensi~ we to 

the simple reason that these turbines are adualtv scaled down desir.~s d high Gtpadty ~jcr hydro 

turbines. These designs involve Intricate castings and \<efV high precision machining. There are, 

howe-.er, other designs :ike the cross flow, lift transhtor, water wheels, etc. These dP.s!gns are ~ry 

much simpler and also suitable for their purposes. Their manufacture lnv<>fves rminly steel 

fat-rication works and ~ry little or no casting at alL These turbines can be maoofactured cheaper 

and are in fact simple enough for loal development and manufacture. Therefore, although the 

choi<J! d tur~ne is actualtf site spe<.ific, it may be Wl)rthwhile to look Into the neWer 'breed' of mini 

hydro turbi~s. 

This concept has led the N.E.B. to ve:-.ture !tCo the !oral manufactured mini hydro tu1·blnes 

dnd Is at present adi~ designing and nunufadurir;g prototyp~s In the last one year or so. The 

concept adopted I~ the design and mar.ufacture on the basis ol techr1ol<>P!s adapted to the bel d 

the Industrial development d the country and taking Into ac<:ount the avaliilbllity d materials and 

aiuipment. Both our own designs and those obtained from overseas are being used and successfully 

manufact1Jred hv aver~gied siled local engineering COf11lanles. for better end results, the local 

co111>unies Involved are· encouraged to actively participate bv giving their suggP.stion to design changes 

where necessarv. ~ral cross flow turbines have been m11nufactured with capacities of 

approximately 48 KW. Although earmarked for their respective sites none are In operatbn ~. There 

Is, howewr, very littk? doubt on their performance capability since the orl.-nal design on which these 

turblnei. are based on are already tested In other countries. Although ew.ty effort Is put In to use 

' 
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local Rlilterials, the 9!net3tors, inlet valYes, the power c.ylnder for the inlet wlw operating mechanism 

etc. are stiU i111>orted items. Newrtheless these items are all standard stock Items and hence thEv are 

\41ery reuonab~ priced. A locallv designed propeller turbine d around 45 KW. capacity was also 

mar.ufactured and alreadv tested at one ol our low heed sites. A few problems were encountP.red 

with this unit espedalJv on the transmission ae;uing assembly. A propeller turbine nquires precision 

machining and castings anrl as a first df prodiction, there still remain a lot d room for i111>rovement 

in the standard d woritmanship. Modifications are beirv made as a continuous learning process to 

;>ut right the problems efk."Ollntered. Generallv we are in a position tCI comment that oor local 

rmnufa£tureu ha\411! the cofT1>«elK2 and on be further developed. The cost for the rni1nufacture of 

local turbines are also "1efY encouraajng considering they are on a one df basis. Prices are expected 

to be lower with buk maoofacturing. For the turbine proper only, the cost of 48 KW. cross flow 

turbine is approx. MS4,<Xn/- and the cost for the propeller was approx. MStS,000/-. Pelton turbines 

ol capacities up to 105 KW. are also being manufac:tureo •. At the moment more cvnamtration is 

placed on the aoss flow tur~ine which are actually suited for mini hydro. The N.E.B. is also 

devefop!ng the use d combinations d cross flow turbines to increase the capacity of an installation. 

These turbines, say three in number will be driving a common shaft which will in turn run the 

IJ!nerator. 

Wo~ is also being \tarted on tke design d a sl"l>le go\41erning system for the min: hydro 

turbines. However, this Is stiB too premature for disrussion. 

8.0 nwaitl~ MID DISTIUMRl<»t SYSTIM 

~ral cost reduction technques ha~ also been adopted in this area. The N.E.R. is currently 

using aerit1I cables for transmission. Cross-linked polyethylene lnsulat'!d cables are used and these 

ha~ the o-i't81taif! d easier ;ointin& simpler instalLttion and since they are insuLtted thP.V do not 

l111>osc rooch rentis problem. This is cost reduction from the asped of right of way and 

compensation. Furthermore, the ro&v areas close to mini hydro sites make heavy Jemands on cahle 

laying and thel'f'fore underaround Cil~les are avoi.Jed ~here pos!:ible. Ont! problem aspcd ol this 

type d caolc is ~he high reactance faced where the mini hydro ~tation is on isoLtted operation. 

liowever, experiments of lnstallna inciJctors are at the mo111F:nt being c.1rried out. 
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Distribution systems •~ ~ cl lttle problem as lnsullted wires ate uted. For snllll 

aenerlll• system. woflc Is GJnetalv belr11 carried aut to minimise mulnurn demand nqulrements by 

u slrw battelles In the consumer system. This •1m1t chal'l!f system• Is antlq>ated to provide tM 

Nral consumer wllh HiW maximum demand for lshtlrw and telewlslon and yt!l shows a constant 

char11 ratlrw of fDlt for 24 houn cl the day. 

9.0 CCJt«l.U5ION 

The hlF atst d small hydro power schemes has brousht about the rmed for l111>lernentOfS cl 

such schemes to look further Into th. clfferent methodolo9eS and IRlledlll awllable In this fleld. 

As blleflv desc:rtbed In this PIP!f, the ecperlence IPned by the N.E.B. Is wiled and without doubt 

the other countries lrwohted In this flekl has their own shate d suam~ and fallures. Only 

clsmsslons and exchanaes d Information can promote further the technolow In this field and It Is 

thus hoped that this ~and this wotkshop as a whole can furt~ assist the clffererc countries to 

reduce t!ier co!t In l111>lementlna these schemes • 
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