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I. RECOMMENDATIOl'llS 

On the basis of the ciscussions of the two Working Groups, and upon consideration d the 

four objectiYes d the Workshop by the Plenary Meeting, the following recommendations ell"erge<l: 

1 A. RE: FXCHAt«;E OF EXPERIENCE ON THE METHODOLOGY OF CENTRALISED M.ANMBB« OF 

SHP IEllLOPMENT AS COMPARED TO THE DECamw.ISED APPROACH 

It was recommende.d that: 

a. the question of centralised or decentralised app•oach was essentially a matter that 

nquired a flexible rather thc:.n a rigid attitude; 

b. it had to be considered and applied by each country on a case by GtSe basis, tall.ing 

into consideration local conditions, manpower, experiences, etc., prevailing in the 

country and overall government policy; and 

c. strategy, policy and penning should be centr;i;~, .:;;,;.-,,_:iinateo, w:1ile the 

implementation, operation and management could be decentra&sed or maintained as a 

centralised activity. 

1B. RE: TRNa.A TION AND CONVERSION OF SHP DEVROPMB« PROGRAMMES INTO 

PRACTICAL PROJECTS AND THEIR IMPllMENTATION 

It was recommended that: 

a. the sensitization d JlOlicy makers through persuasion and demf)nstration was an 

important step for seruring a favourable political support towards SHP d~lopment. 

The importance d social and other benefits should be stressed in this connection; 

b. a minimum core group o( enthusiastic and devoted individuals could play a significant 

role in the promotion of SHP programmes and its conversion into practical projects; and 

c. a flexible approoch was necessary, partirularlv at the initi.11 sta!J? .)f ~'romotion of SHP, 

so orpnised as to reach an optimal level of contributior towards the Mtional priority 

concerns, in order to convince. the policy makers, lending or11l'lisa~ion$ etc. d the 

viability d the SHP programme. 
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2. RE: B.ABORATION OF A SIMPLE METHOOCI.OGY FOR FEASIBILITY AND 'lTHER STUDIES 

APPROPRIATE FOR SHP 

It was agreed that: 

a. It was necessary that the viability of a ~HP project should be based upon a 

methodology developed for SH P proper rather than depending upon the application of 

a miniaturised ~rge hydropower feasibility >tudy criteria. 

b. As a first step, it would be useful for RCCT in cooperation with other UN agencies to 

prepare a CoJmpencium for such SHP proper methodologies adopted by various 

countries, which could ~e used as a reference for other countries which ha~ not yet 

developed their o~ n methodology. 

c. It was fek necessary tc haYe, and accordingly rc:commended by the Wo,-king Group 

that a study be carried C-ilt by HRC in cooperation with UN and other international 

agencies to develop a standa~discd methodolo~ in the form of a ched< list for the 

reconnaissance and feasibWty studies suitable for SHP project assessment and 

evaluation. 

3. Rf: PROMOTION OF LOCAL OESIQI AND MANUFACTURE OF SMAU HYDROPOWER 

EQUIPMENT, MACHINERIES AND ANCIL.lARIES 

It was agreed that: 

a. Each country define an SHP equipment rrnlicy takirig into consideration the principal 

criteria necessary to formulate such a policy as well as tak;ng into account the uni1ue 

condtions and re:iuirements of each country. 

b. The choice cA th~ type of technology, partirularly as to use of •appropriate" or "high 

level" technology, inch.Jding the choice d developing indigenous local technology or <i 

buying imported know-how, should be made on the basis of factors that are pewliar 

for each country. 

c. Third W<.;rld countries undertake turhirw manufacture in conjunction with other 

products such as pUJT4>S hecailse of limited marlcets. Manufacture ri other 

components should be considered dcpencing on demand. 

d. A Directory of Regional ~4anufacturers be prepared, as a project of the HRC and/or the 

RN - SHP. It was expected that international l')f'gClnisations and age~s could assume 

such a project on a wide internation.?' · ·iel. 

... 

• 



e. Manuals on design, standardization and manufacture cJ ff!Uipment be developed as a 

regional effort supplemented by external effort, with the objecti-.e cJ providing "open" 

f. 

technolowes to all countries seeking such he~>-

Other directories be compiled on the following:

expert capacities 

consultancy capacities 

research institutions and their developments. 

g. Reports d local activities should be collated and circuldted, covering seleaion of 

items, approaches, design adaptations, description d problems and faik.ires, experience 

in production, maintenance and operation. 

4. RE: COST IEDJCTION COMPATlll.f WITH VIABILllY ANO UTILllY Rl~IREMENTS. 

It was agreed that: 

a. The appropriate UN agt-ncy col'T(.>ile and diss.eminate information rev;irding the 

methodolog,- d survev and deiign of major civil en~neering structures such as 

headworks, water cor.veyance system, forehay, po\\er house etc. practised in vane.us 

countries. 

b. The appropriate UN Agency undertake research on thr various asriects of cost 

reduction on the civil engineering works, 

c. SHP Projects use stand.lrd generators and switch war where possible, 

d. A regional and international effort he made to devel~ soft-ware for SHP application. 

Training d personnel in this field should also have a high priority; 

e. Further studies should he carried out by UNIDO in co~eration with other UN 

agencies as appropriate to P.nhanre th.~ praductive use of micro processors and 

electronic technology in the SHP field. 

I 

J 



5. RE: RECOMMINDATIO.S OF Tl* AFRICAN PARTICIPANTS, AS APPROVED IN Tl* PLENARY 

Sfs.g(Jll 

It is recommended that the participants at Kuala Lumpur Wofkshop should initiate a 

network of Small Hydropower eicperts among African countries in order to promote 

Small Hydropower Development in Africa. 

The ob.iecti'-'! cJ the network is to promote co-orclinated effort in the initiatio'l and 

intensification cl Small Hydropower plants in Mrica. 

It is further recommended that UNIDO and/or other appropriate UN Agencies should 

assist in the implementation d pilot demonstration S.nall H·;'dropower plants as a 

means of sensitization, promotion and intensification of Small Hydropower 

development for supporting cottage indi stries and improving sodo-econonic 

standards of the rural people. 

• 
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: I. INTRODUCTIC»f 

Backwou nd Information 

Tl>e significance cJ Small Hydropower (SHP) as a source cJ renewable energy in developing 

countries, particularly in respect to the supp!y cl power to remote and isolated rural areas is being 

increasingly recognized by developing as well as developed countries. As COrJ1)ared to -najor-hvdro 

projeas, the relatively sirJ1)1e technology ~uired, less financial resources involved and the ksser 

degree cJ sophistication for planning and programming, etc., has ~n a <Ertain impetus for many 

develooing countries to include small and minihydro power programmes in their national development 

plans. The United Nations Conference on New and Renewable Sources ci Energy held in August 

1981 at Nairobi, Kenya, and particularly the Panel of Technical Eicperts on Hydropower errphasized 

such potentials which could lie considered as one cJ the driving powers for this increased attention. 

From the viewpoints cJ deve!opment and transfer on technology and exchange cl experiences 

among developing and developed countries, a series c:J seminars, workshops and study tours as well 

as various doruments, such as reports relr.~ing to the development and application cl mini-small 

hydropower have been published by various organisations. 

A first Seminar-Workshop held in Kathmandu, Nepal in 1979 focused on the technological. 

economical, policy and institutional aspects of mini-hydro planning and project implementation 

through the exchan!J! cl experiences and technology transfer. The Workshop adopted what i'i known 

as the "Kathmand.i Declaration on International Co-operation in the Field of Minihydro Electric 

Generation", which elll>hasized the need for strengthening international co-operation in a systematic, 

efficient and effective manner. The Second Seminar-Workshop/Study Tour held in Hangzhou, 

China/Manila, Philippines, provided an opportunity of looking irto a system's approach to the 

establishment of minihydro for industrial promotion and development, and cost reduction schemes. 

This Second Seminar-Workshop adopted the "Hangzhou-Manila Declaration on Minihydro Power 

Development" underlining the urgency of the needs to implement programmes for supplying cheap, 

retiable and renewable enel'gf sources for the rural people, particularly cl the developing world. 

As a logical 5«1uence to these activities, a rumber cl subjects cl importance have emerged for 

which the further elaboration was desirable. 

The Government cJ Malaysia, which started a small programme for mini-hydro ckvelopment in 

the r.ountry in "1te 1979, has de-.<eloped since then a very impressive programme of activities through 

its i•iplementing agency, the National F.lectridty Boar:1 of Malaysia (NEn). Over 220 potential site!> have 
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been surveyed c::J which about one-half ha"I! been planned for implementation, including some 23 

projects already under cifferent sta(ll!S c::J construction. The mini hydro !s defined to ha'tle r.apadties 

ranging from satw to S<Xntw, ~nd the mlnihydro syscem will cover low, rnedlum and high heads 

between twc meters up to and above 70 meters. NEB is furthermore adopting a centraUzed planning 

methodolORV, as co111>ared to the decentrahzed planning concept adopted by the Chinese. 

It was therefore considered to be c::J IJeilt interest If the Malaysian experiena could be shared 

with other ~ountrles, through dlsOJs!!ons and exchanae of views In respect to the plannln& 

prOIJ'ilmming and i111>lementatlon d small hydropower projects. 

According.,_ the ESCAP/Regional Centre for Technology Transfer (RCTT) in co-operation with 

UNIDO and the Regiona! Energy Development Programme (REDP), and the su;>port of the Government 

c::J Malaysia through the National Electricity Board (NEB), 011Pnised "Third Workshop on Small 

Hydropower• from the 7th - 15th March 1963 in Kuala Lumpur. 

Objectives 

The Workshop had the following objectives: 

a) to exchan!J! experience on the methodology of centralized management of small 

hydropower development as compared to the dE:centralized approach, including 

disc1ssions on the translation and conversion c::J small hvdropower development 

programmes into practical projects and their implementation; 

b) to eiaborate on a simple methodology for feas:bility and other studies appropriate for 

SHP; 

c) to review ways and means of promoting local design and manufacturing of small 

hydropower ~uipment, machineries and ancillaries; 

d) to exchanae views on ways and means d cost reduction co111>atlble with viability and 

utility ~ulrements; and 

e) exchal'll! d views on cooperatlw arranaements induding regional network systems. 

" 
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Orpn;sation 

The Workshop was attended by 28 participants from 19 developing countries. Representatives 

from 4 UN OllJ!nisations and Agencies, as well as 1 representative each from ~he World Bank, 

the Asian Development Bank and the OLADE (Latin Amerion Energy OllJ!nisatlon) and 45 observers 

participated in the Workshop. The list of participant~ is attached as Annex 1 and the Programme of 

the Workshop as Annex II to this Report. 

At the opening session, Y .B. Tan S1i Dato Abu Zarlm bin ~all Omar, the General Manager cJ 

the NEB welcomed the participants and referred to the historical backaround as to how a chanae In 

energy strategy on the part ci the NEB had turned its attention to the development r::J mini hydro and 

the sP.tting up r::J the Mini Hydro Department in 1979. Since then, he explained, the programme which 

started on a experimental basis has developed to 22 projects with a costing r::J about S42 milDon cJ 

which 8 have already been completed and the rest in various stages of implementation for the 

schedule completion by the middle of the year. He emphasised the inr,ovative approach which was 

applied to these projects in order to ~in experienO? in the various designs and methods of 

construction with special emphasis on cost reduction. He further explained that the Government's 

plan are taking into con5ideration medium-and long-term ~uirements witn some 102 projects to be 

completed within the ament Fourth Malaysia Pian which ends in 1965. He then referred to the 

efforts ci thf"ir own engineers who have ventured into the design and local manufacture of turbines 

which was already proving to be competitive with other suppliers abroad and that there was e1ery 

likelihood that the cost would further be reduced as and when the country went into production on 

a larger scale. He finally expressed his views that the Workshop \·ns being held at the most 

opportune moment for Malaysia and that he hoped that the sharing ci experience and knowledge 

amongst all participants would more meaningfully contribute to the attainment r::J the desired goals. 

Mr. B.R. Devarajan, Director of RCTT presented the mess:ilJ! frC'm Mr. S.A.M.S. Kibria 

Executive Secretary r::J ESCAP. He referred to the Importance of small hydropower developments In 

the ESCAP realon and that it was now time to translate the Ideas Into action. He referred to the 

proarammes been exewted by ESCAP alone and in cooperation with other UN Organisations and 

Agencies which included short-term consultancy services, training and Information exchange. He 

ensured the participants ci the continued support by ESCAP wlthl'1 Its means to promote enerav l 

development In (ll!neral and new renewable sources of enerav In particular In the region. In this 

respect, he stressed the need for the member countries thu1. to exert efforts to ensure success. 

• 



------ r 

- 8 -

Mr. B.R. Devarajan then added his own thanks for the excellent preparation that had been 

made bv the NEB and The International Conference Secretariat d the Prime Minister's Department for 

the OllPnisation oi the Workshop. 

Mr. W.H. Tan.tka, the Head of Development and Transfer of Technology Branch, UNIDO, 

conveved the sincere greetin:~ from Dr. Abd-el Rahman Khane, Executive Director of UNIDO, and 

then emphasised the signifiance of this Third Workshop which contributed in tpthering a group d 

persons with a common interest, attitude, and knowledge in the transfer, development and application 

of small hydropower which would be an important precondition and basis for successful 

international cooperation. He feit that the objecti\<es presented at the Workshop was focussif16 on 

such problems that still n:quire further considerations and elaborations, and expressed his hope that 

this small hydropower "family" would be able to find solutions and make recommendations for the 

interest and benefit <J all. 

Dr. A. Arismunandar, Sr. Co-Ordinator, ESCAP Regional Energy Development Programme 

(REDP), expressed the significance which the deliberations of the present workshop could bring us all 

in relation to the activities of the achievement, social and economic development of the member 

countries. He then expressed his hope that the Workshop would be an important milestone in the 

attempt bv the developing member countries to cooperate ever more dosely in the field cJ small 

hydropower d~loprnent. 

H.E. Datuk Leo Moggie, Minister of Energy, Telecommunications ani:I Posts, Malaysia, after 

welcoming the participants, referred to the develcpment of small hydropower resources which had 

direct reference to the countries of the third world. He mentioned that in Malaysia, the development 

cJ small hydropower resources on an extensi-.e scale had only just started, but that it was his 

intention that added impetus be 11Jven to the development of this resources so that its utilisation 

would contribution to socio-economic development of the nation, especially in the area of rural 

electrification. He expressed his fervent hope that the deliberations cJ this 3rd Workshop would be 

both meaningful and c ntructi-.e and thctt the exchange of views and experiences w "'Jld develop into 

programmes cJ action that are cractic.al to the needs cJ the respective countries. He then declared 

the opening of the 3rd Small Hydropower Workshoo. 

• 
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ill. SUMMARY OF PAPEkS 

PARTICIPANTS 

BURMA 

Country Paper on Small Hydro Power De\lelopment 

The country paper on Burma expbined the great potential for hydro power existing in the country and 

with the energy situation as it is today, the need for development of hydro power which is a 

replenishable energy source. As to Small Hydro Power a number of projects are being implemented 

ranging from 60KW to 4(lX) KW in size. 

'\s to local manufacture the need to supply remote regi•rns with very small machines was explained, 

and that advice and expertise for local manufacture was still greatly needed. 

CHINA, PEOPLE'S REPUBLIC OF 

1. General Situation and Fundamental Experiences of Development of SHP ir China 

II. ~eriences of Independent Operations of Small Hydro Power Grid at Country Level 

Ill. How to Establish Indigenous Manufacturing Capability of Small Hydro Turbine Equipments 

l he summary below refors to I. 

By the end d 1982, 86,UXJ or more SHP stations with a t0tal capacity d 8 million KW had been built. 

The annual electricity generated is 16 billion KWll. High voltage lim~s provirled for SHP amounted to 

370,()l} km. 

The government had paid more and more importance i., 'inl-ting the nJral energy problem, and decided 

to u§e a certain amount d seasonal f'nergy of SHP for r><>..tsant's living cnnsumption <;uch as rice 

cooking. water heating, foodstuff baking, tea rlrying etc. i11 far-off areas, to replace the firewood. A 

great chan~ in the end users of the rural arm'\ had b~n. Good result-; had been achieved which is 

of strategic significance in the rural area. 
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<;ome important new po&des, such as ·self-construction, self-management, self-consumption• have 

been added, the key point ci which is •Supporting the development cl SHP with the profit lJlined 

from itself". These ha~ been and will be more and more effective in further promoting the 

:ievelopment ci SHP in China. 

The progress ci development of 51-f P has been going on from isolated operation of small station!; to 

the formulation of county local grid, usually of 10 - la MW total capacity which can either be operated 

independently or integrated into national grid. 

~INICA 

The Status of Small Hydro Power in Dominica 

SHI' was estahlished in Dominica 32 years ago with the commissioning d Trafalgar Power Station. 

r oday this station has three Pe:ton turbines each driving a 320KW ~nerator. The second station, 

Padu is a simiL1r type - high heArl, run-ohhe river scheme. Padu has two Turgo Impulse wheels of 

940KW rapacity each. These two stations provirle ah out 91 rercent cJ the cou ntry'!i electricity needs. 

fhe rest of the energy production represents peaking and rlry s~son production by diesel units. 

fh<' rlevelnµrnent of SHP was stagnant for many years hoth because of cheap oil and slr>w 

growth cJ the energy consuming sector. Recently there had been ;in upsurge in this type of activity. 

A mini hydro station (750KW} is to be installed upstream of Trafal~u also to supp~ the grid. fou; 

decentralized n1ral micro schemes are at present at the prefeasibility stage. Funding is being sought 

for thest> anrl for other future schemes. 

ETHIOPIA 

Some Aspect~-~ S.H.G. Planning and Implementation in Ethiopia_ 

T hf' rrJJ ntry's hydro power potential is enormous. From the eight major rivers alone an estimated 

energy of ~J x 10g Kwhr5 coulrl be developed in one year. This figure d<>es not incfurle the energy 

ohtainahle from ..,.H.C. resources. At presPnt only ahout 1% cJ tlic estimated avaifahlf' energy has 

ht~n c1evelorwd .:ind the per c..apita energy con~umption is among thf' lowest in the world. This is 

... 

• 
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because commercial electrical energy is made a\tllilable on.,. to a small number cl urban centres which 

consume most c:J the energy from major hydro sources. 

The Ethiopian Electric Light Power Authority (EELPA) which is responsible for the country's electrical 

power planning and implerr~ntation has two systems of operations. The l.C.S. or the Inter 

Connected System, the S.C .s. or th~ Self Contained System. The ICS 01stributes CJ;% hydro energy. 

The S.C.S. on the other hand consists cl a number c:J local and isolated small plants both thermal 

and hydro ranging from 100 - 7000KW. Only 10% c:J the energy come~ from S.H.G. sources. 

In the past EELPA's power planning system lus been lmited to the installation cl a major hydro 

power plant every 7 - 8 ys1rs and extend cost intensi\e high volta~ grid Ines to consumption areas 

when the interconnection proved viable. The S.C.S. was introd.iced as a government polcy to 

electrify some cf th*= remote areas. 

Although S.H.G. installation has been mtrocliced more than 20 years ago the system has not been 

encouraged to develop. The dramatic comeback made itself felt only after the recent oil crisis. Even 

to date however, EELPA has not developed the necessary institutional infrastructure to intensify 

S.H.G. develcpment. In fact the Authority follows strici technical-economical analysis proced.ires 

for S.H.G. pr".>ject studies. This is explained by the absence c:J a rural electrification plan for the 

country as well as the lack of a "crash programme" to replace existing oil fired stations by small hydro 

sources readily available in most regions. 

The recent formulation ci a ten-year indicative energy plan by the Supreme Planning Council is 

expected to attract widespread attention ref"rding problems of rural energy in which S.H.G. can play 

an important role. 

Small Hydro Power Development in Fiji 

I ntroduG:ion 

Fiji consists d a group cl Oller 100 islands in the South Pacific, with a tvcal land area d 18,-400 sq. 

km. and pq>ulation of 650,000. 
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The Electricity Supply System 

The Fiji Electricity Authority (FEA}, a statutory body, is responS1ble for nearly all the ~neration and 

supply c:J electricity, the ex<Ef)tion being outlying rural areas and smaller islands where the Pubic 

Works Department is responsible. FEA owns and operates desel aenerated power supplies with an 

installed atpacity c:J 85 MW and a firm atpacity d 44 MW. 

Hydro Power deYelopment 

A a> MW !lydro station is being commissioned this )'elr. This will meet nearly all c:J the demand on 

the main isl:lnd (Viti levu), leaving remote villaaes and settlements on this island, including areas on 

other islands not rurrently served, to be satisfied bv mini !lydro developments or mher alternati'Vl!s. 

Mini hydro development 

Two micro-hydro schemes (1.5 KW & 5 KW} are in operation. Several ~udies ha'VI! been undertaken 

in the past by o'Vl!rseas consultants, the most recent being on the second largest islard (Vanua Levu} 

where fi'VI! pmential mini hydro sites c:J abllUt 1 "4W atpacity each have been identified. Two of 

these are being further in'Vl!sti"'ted, with a view to obtaining overseas aid. 

Rural Electrification 

Mini hydro development is lkely to make a sig!lificant contnbution to n.iral electrification. Currently 

some areas ha-.e diesel sets which run for a few hours a day only. Stud( is necessary on whet ... er 

hydro schemes c:J Equivalent or weater capacity would create' increased demand for power, such as 

rEquired for sawmilling or crq> processi~ etc. 

• 
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INDOeilA 

Centrahed 'A!f'sus Decentrdised System of Project Planning and Implementation of Mini Hydro Power 

Development -The Indonesian Case 

On the question cl centrab.:d versus decentralised system of project planning and implemer·tation cl 

mini-hydro power (MHP) development, there is no straight answer as to which is the best to follow. 

The important thing is how one can achieve the goal of developing mini-hydro in developing 

countries with the maximum use of indigenous resources and to develop local capabilities. 

In the Indonesian ca ".P., the centralised system has been practically followed in almost any MHP 

development in the past. However, some MHP stations which have been developed on a 

decentrafised manner ha~ also shown the same good result. 

Both rentralised as well as decentralised syst~ha'IA! their own advantages and disadvantages. 

To obtain the optimum result <i MHP development, it is best to combine both systems in such a way 

without creating new constraints and trying to avoid the disadvantages resulting from either system. 

This can be started first with having an overall evak.Jation of the problem by preparing a good 

inventory of all data and information available on MHP and making an assessment <i MHP 

development capabilities at all levels. 

To have well coordinated efforts in MHP development and to make the max:imu m use <i available 

resources, it is desirable that the overall responsibility for planning and programming be given to a 

central body which is also responsible for coordination purposes and to act as an advisory bo~ for 

MHP development. 

A national strategy and policy for the development of MHP should be formulated first, and on which 

basis a development plan can be further established and to work wt an implementation programme. 
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JAMAICA 

Cost Reduction Considerations in Small Hydro Power Development 

1) Main tasks in MHC Plant developments outlined 

2) Means cJ Capital Cost Red.JctiC'n 

a) Penstock variations (non-traditional materials) 

b) Speed Regulation 

Use cJ electronic "Load dumping technque" 

resulting in red.Jction of cost in vigorous design criteria for 

Equipment such as turbines, governors and penstoci<s by 

creatint stable conditions under which the Equipment is 

expected to operate. 

possibly Improving the viability cJ more oentrabsed MHG plant 

by use of "dumped enel'KY" for diversification (e.g. fertilizer 

prodictlon etc.) 

reduced costs vs traditional governors 

c) Use of Centrifugal pumps 

with recommendation for need d selection manuals. 

d) Pressure relief valves 

reduce cost by substituting for surae tanks. 

3) Non-capital co~t red.Jctions 

a) I ncluslon of engineering designs in prefeaslbility !tu dies. 

b) Maintain perspective cJ engineering feasibility stuO,. cos~s wit~ respect to total project 

cost. 
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MALAYSIA 

1. To ExchanF Views on Ways and Means of Cost Reduction with Viability and Utility R«1uirements 

The paper covers a brief write-up on the activities cl the National Electndty Board on its smaU hydro 

power projects with special reference to the ways and means d cost iedualon adopted. The 

subject cl cost reduaion is disaJssed from aD aspects of Small Hydro Power Generation from the 

feasibility stage cl ~he project right up to the operation cl the station after commissioning. 

As a utilty, there is the need for the N.E.B. to acl:ie\<e a compromise between cost reduaion and 

the resulting quality. Henre the methods d cost ieduaion adopted were such that the end produa 

is still in .::ompliana! with the saft!(y ~ulrements and satisfying the local Bui'ding Bye Laws, the local 

Machinery Department and various other authorities. The concept cl cost A!duaion is at all times 

adhered to du:ing design and constructio11 stages. Whether the resut is immediate or only realised 

through time, cost reduaion remains a continuing etercise in the implementation d small hydro 

power projects in this country. What this paper hopes to achi~ is to bring to surface, for purpose 

of further ciscussions, both the obvious and the non-obvious areas and aspects c:J SHP generation 

where co~t can be further reduced or even completely eliminated. In short, the criteria here is 'cost 

effectiveness' of the design and methodolort adopted. 

2. Centralised System of Mini Hydro Projects Planning and Implementation in Peninsular Malaysia 

The paper dlsaused the role c:J the National Elearicity Board in the project implementation d the 

mini hydro power in Peninsular Malaysia. The institutional framework of the orpnlsation warrants 

that the IT'8naaement system In mini hydro projeas for the country has 11ot to be a cer.trallsed 

system. A short description of the funaions of the appropriate departments in th'! Board's 

or9rnisation is indicated and the •neral approach in supplyl"ll enerav to the rural areas In Peninsular 

-..alaysia is seen. The centrallsed system d rNnaaement d mini hydro schemes covers areas d 

piannlna, desl1n and approval, tender and award d contract, supervision d e.onstructlon, supervision 

of lnstallatlon and commlsslonlna, operation d station, maintenance and monltortn1 system. 

The paper only dlsCllsses the merits d the centralised system pertalnlna to the exlstlna networlt of 

the Natlonel Elearidty Board and Its :ontrlbutlon to mini hydro dewlopment ai1d implementatlon. 

l 
' 

• 
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MEXICO 

Computer Simulation of Hydro Power Stations 

Mexico is a country with an increasir'lf' demand d power supply. The wowth in the electric demand 

is in the order af 3000 MW/yr. This situation has led to the development d sq>histicated tools of 

design, namely, computer simuliltion programs (among ~hers) that enable the plilnt designers to 

increase their productivity and optimize the hydro power station design. 

The pa~r Uc-..::..:s the functional capabilities, mathematical models d the computer sirll.lliltion 

model deYelq>ed in Mexico. The importance d using this kind d powerful tools is explained too. 

Finally, an illustratiYe example d several simuliltions d a power station in design stage show how this 

powerful tool can be applied to design. 

NEPAL 

Small Hydro Power DeYelopment 

The hydro-electric potential d Nepal is estimated at 83 mil&on KW and the first development cl 

hydro-electricity in the country dates back to 1911. But the utilization d hydro-electric potential so 

far made in the country amounts only to 113 MW and only less than 5% of total population has 

access to e!ectricity. Due to unavaiebility cl other energy' sources, the hu~ hydro-electric potential 

of Nepal will in the long run have to play a Yery important role in the energy balance ci the country. 

The present use as compared to availilble resources constitutes ont( about 0.135 %. This indicates 

that Nepal has got a bng way to go in the development cl hydro-electricity. With a view to paving 

the way for systematic development, parallel attention and emphasis were given to three catagories of 

development: large, Medium and Small. Among them 'Small/Micro Hydro Development" had been 

gjYen priority as a quick measure to provide energy for isolated mountainous regions, where the 

quantums cl demand are too low, load centres are Yery much scattered and promising sites for small 

hydro development are readit( available. 
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In Nepalese contelCl, the extension d high vobge national grici transmission lines to these locations 

is still only a 'e\sion for some cistant future. Therefore for manv years to come the majority d smaR 

hydro pro;ects wiD ila\e to be deYeloped and operated as an isolated system. 

The success cl SHP development in Nepal will depend on building the national Q1P3bility in pr<>iect 

preparation, building technques ta use ~ocal construction materials and local manufacture d 

generating Equipments. 

PHIJPPl'B 

Format for Feasibility Studies - Mini Hydro Power Generation Projetts 

I • Project Description: 

Project Background, Object~, Base Source. location Plan and Vicinity Plan, Site Access 

Information, Pant Ownership and Funding Existing Electric Facilities, Present Demand and 

Estimated MHG Pant Potential. 

11. General Pro;:ct Information: 

Geography and Topography d General Area, C6mate, General Conaltions d Area, Seisrnicity 

and Site l~stiption Wortc. 

Ill • Site Condition Assessment: 

Topographic Data, Socio-Political and Environmental Assessment, Land and Water Rights, local 

Materials Availability. 

iV. Hydrology: 

Drainage Area, Rainfal~ Existing Stream Flow Records, Determination d Flow-Duration, Siltation 

Studies, Water Quality and Flood Studies. 

V. Surface Geology: 

Descriptions d ObseMtlons on the major structares. 

VI. Enerw and Power Demand Description. 

• 
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VII. Project Planning: 

Layout Con<Epts, Design Discharge, Hydraulic Heads, Capacity Determination, Generation, Civil 

Work Features, Electro-mechanical Equipment and Accessories and Proiect Schedule. 

VIII. Project Capital I n~stment Estimates: 

Engineering, Admini!trati~, Construction and Equipment Cost ar.d Contingencies and 

Escalation. 

IX. Qe!ration, Maintenance and Repair Estimates. 

X. NEA Project Development Criteria. 

XI. Financial and Economic Analysis: 

Incremental Cost Analysis, Benefit/Cost Analysis, Economic Benefits, Funding Terms, Operati;ig 

Re<o<enues, Operation Expenses, Cash ~low, financial R~tios and Sensitivity Analysis. 

XI I. Project Su mrnary: 

Financial and Technical Summary and Critical issues. 

XIII. Conclusions. ------

XIV. Recommendations. 

RE·'PUBLIC OF IC.OREA 

SHP in Republic of Korea 

Small hydro power plants are not a new concept in hydroelectric design and there are no new or 

simplfied mf!thod d feasibility study whether it is a small or larw. hydro power projP.cts. 
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Among the methods d project evak.iation in economical analvsis, Korea Is employi,. both the Method 

of benefit to cost ratio and the co"1)arison d production costs since most d the small hydro power 

plants in Kora are the "run d ~·type power plants whldl have no capacity vak.ies. 

To encourage the development d small hydro power plants, the 1overnrnent let up an A1>9ralsal 

Committee within Korea Electric Power Corporation on March 9, 1982 to nM!W and evaluete the 

technical and economical feeslblllty d the projects, and has saaranteed and assured the nwrlci!tablllty 

of electrk:lty l!netated "f the posslble dMopers d snl hydro power plants, which wll be fed to 

the natlo191 artd at the price d 53 mills/KWH (1982 prk:e). 

Propess in Snail-scale Hydro Power Development 

The priority Is to develop small-scale plants with a view to re~udns e>IJ)endlture on oil Imports. 

Some proaress had be.c!n made In the development d small-scale hydro projects which offered such 

posslbllltles. A najor scheme Is presently being Implemented and Is e>IJ)ected to be commissioned In 

1988. In adcitlon, pre-feasibility studies have been undertaken on three prospective small-scale sites. 

There Is an on-goins mlcrcrhydro project for energfslns a small sodium hydroxide manufacturing 

lnck.i stry. 

SRI LANICA 

SHP In Sri Lar*a 

1. The Ceylon Electrldty Board's pohey Is to concentr1te on SHP between 1 MW. - 20 MW. 

Smaller stations MHP less than 1 MW are to be hardled by the estate sector and prlwte 

enterprises. 

2. Run·d"'the River mini hydro plants haw prac:tlcallv no flows In the dry •son. Even 111'11 

hydro power svstems supported by reservoirs raqulre a 30i thermal power standby, to nat 

the dry 'Neither 1horta19s. Therefore the contribution d mini hydro plants Is only In the wet 

••on when excess thermal power provided to fl"" up power from the m1Jor plants Is 

.... nab le. 
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3. Therefore the economics of the mini hydro depends on the cost per Kwh. of mini hydro 

power as apinst the fuel cost only of a unit of thermal power. At todav's fuel prices, mini 

hydro power may not be economically feasible, but r.iav become so in the h.ture, when 

anticipated increases in fuel prices become a reality. 

4. There is ample civil engineering capability in Sri Lali<a, but reprding electro mechanical 

equipment, demand is not big enough for Sri Lanka to undertake research and development and 

local industries to manufacture Equipment for mini il(dro power development. 

5. Other countries in the region where suifi..:iently deYelope~ technology and cheap labor are 

avai:able, could be sources for small hvdro power equipment. Efficiency of these small 

machines is not all that important as the high desired reliability. 

TANZANIA 

Mini Hydro Development in Tanzania 

Tanzania has so far only three mini hydro power plants in operation. In addition there are three 

small hvdro power plants all with an installed capacity of 4'J.'W. 

Following the successful villagisation program, the need for a firm low-cost energy for the estab6shed 

villages has been recognised. Bearing in mind the rapid rise in the cost of oil it had been decided to 

~ this demand for power by mini hydro production. Towards this end a number of potential 

sites for hvdro power development in Tanzania are currently heing investigated as to their fe~sibility 

and viability. The aim of the Tanzanian Government and the power company is to exploit all sources 

which will be found to be economically viable. 

It is anticipate<! that the implementation of these mini hydro sources will commen<E in 1984. Initially 

all these mini hydro power plants will operate in isolation. How~r later on they will be integrated 

in the National grid which is at the moment heing extended to cover the major part of the country. 

It is anticipated that by the year 1987 the National grid will ha\le covered three quarters of the 

country. 

~-

' 
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THAILAND 

Local Design and Manufacture of Equipment and Auxiliary for M.H.G. in Thailand 

The local design and manufacturing of 61Uipments used for small scale hydro generation do exist in 

Thailand. However the production is concentrated on the smaller sizes, due to the econor.iy and 

marketing constraints. Two types d turbines namely Pelton and Crossflow are currently fabricated. 

The maximum unit size ever produced is 100 KW. It is anticipated that the largest unit size to be 

produced would be 500 KW. The load control type of governor is also manufactured under British 

license. The manufacturers d the electrical «lUipments have more experienre than their mechanical 

counterparts because thev were longer established and ha~ a01uired technology from developed 

countries. Nevertheless these manufacturers need assistance in the form of exchange of information 

on new technology and experienre in the development nf related machineries to impro~ their 

capabilities. 

Small Hydro Power (SHP) in T urkev 

This brief report about the Small Hydro Power (SHP) potential of Turkey, will try to expose the 

hydro-electric potential in general of Turkey, the development done thus far from the early days and 

future work to be done. The report indic-ated the position of SHP potential, the importance in the 

past, present and the future. The report is annexed with statictic:al data such as installed capacities, 

annual outputs, total power production of Turkey, responsibilities of different or~nizatior.s involved 

with the subject, information on installed capacity d units and a computerised data indicating 

general planning d the total economic hydro-electric rotential d Turkey including projects under 

operation, those under construction and those being planned for the future. With these data it is 

believed th<Jt, it will be easier to understand the situation of SHP projects in the development rJ 

Turkey. 

-- ' 
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YUGOSl..A VIA 

Promotion of Local Initiatives in Small Hydro Power Development in Yugoslavia 

Half of Yugoslavia's elec.~ricity supply originate from hydro power. Most of the country's HPS are 

high-power units, each more than ~ii MW cJ capacity. Only 1 PCT of total energy supply is ~nerated 

by units with less than 10 \1 W. 

Recentiy, old and/or abandoned MHG units are being repaired and put into operation and new MUG 

development programmes are being considered or alrea~ in progress. 

There are four rr.ain reasons for this shih in Yugoslav perception d the ~•ays and means cJ the 

energy sector: 

(i) Rising J)rices of crude oil which imposed a he;ivy burden on the country's Balance of 

Payments; 

(ii) Country's recently adOJ)ted economic J)Olicy of stabilisation which include a strict control of 

in~stments and foreign capital inflows; 

(iii) National defe11ce reasons. 

(iv) High utilization of major waterways suitahle for erge hydro J)OWer units. 

Three c.ase-studies of the Yugoslav approach to the MHG develO!Jment are offered for 

consideration; 

(i) fhe first one, carried out by a local community of T olmin in '\J orthern Yugoslavia 

(ii) The second one Cdrried out by Huge lim Hiver hydro-electric 11lants frnm Nova Varos 

in Southern Yugoslavia; and 

(iii) r he third one, still un~r el<clrni rMtion, proposed hy various ~uhject s in from Fecieral 

Repuhlics of Rosni.1 and Crootia, situ,Jtf'd in (rntral Yugoslavia. 

Finally some t•~chnological ohstaclt?s t•> the \\I IC develnpment ari~ hf'in~ c:on~i-iererf. 
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ZAMBIA 

Development of Small Hydro Power in the Republc of Zambia 

Small hydro power has 1ood prospects In Zambia because d hydro potential, partlculartf the north 

and central regions d the country. 

Zambia has recOBni.7.ed the vital need to implement the Nairobi United Nations Conference on New 

and Renewable Sources of Energy held in Auw.JSt, 1981. 

It is hoped the recent creation d National Enersv Council along with the Department d Energy will 

overcome attitudes apinst SHP or MHG by certain sectors. NEC is the national focal point where 

enerBY policy and projects will be initiated while the Department d Energy will be responsible for 

implementation d the decisions on energy resting with the Ministry for Power. 

Pre-feasibility study was now completed in the North Western Province aimed at replacing existing 

four diesel power stations and construction of additio11al SH P JMHC power stations in the Provi nee. 

It was intended to carry act country-wide feasibility study on Rural Electrification in the rest of the 

provinces except in Western Province where feasibility study will be carried out separately as soon as 

possible. The study reports will ~ve the country a basis to decide and proceed on the st.:rategy for 

implementation of the project. Since Zambia has n~ done much on the technolOBY, it is quite alert to 

the possibility of learning from other participating countries in the Kuala Lumpur Workshop, especially 

the Philippines and Malaysia who had made tremendous advances in this technolOBY• 

Zambia at the present time has no l'l.lcleus for the design and manufactufe d SHPJMHG equipment 

locally. Necessary technical manpower was the problem revolving upon the country in this respect. 

Zambia's participant at the Workshop urged United Nations Industrial Development Organization to 

establish a R~onal Training Centre in Africa for Transfer of Technology on SHPJMHG as was the 

case with the Asian Region. Technical co-operation, the sharing d training facilities, exchange of 

experts and information, joint Research and Development programmes including testing of e:iuipment, 

mutually beneficial consultancy and related measures were necessary among developed and developing 

countries in the transfer d technolOBY• 
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Al.fRED HUETER: (AUSTRIA) 

How to Start Manufacturing of Equipmert for Small Hydro Power Plarts In Del.telaplns Courtrles 

After the auessment d the demand the lnltlatM! to create local supply fadltles wlD follow. The 

IOlistlcs d creating those local supply fadllties Is dvlded in 4 Phases: 

Phase 1: 

Phase 2: 

Poky considerations 

Definition of goals. 

Techno-economic dedslon making 

Studying local manufacturing capacities. 

Defining the required manufacturing technques. 

Selection cl parts and products for local manufacturi,.. 

Phase 3: Product and design de\<elopment 

(Tech nolOl'f' 

transfer) Development cl local design. 

Research on product. 

Training cl personnel for manufacturing. 

Upgrading cl existing manufacturing capacities. 

Specification and detail design for local manufacturing. 

Phase '4: Economic consideration 

Start-up of manufacturing. 
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S.P. CHANDtA: (ESCAP, IM) 

a) Methodology for feasibility and other studies appropriate for small hydro power de\elopment 

It was mentioned that hydro-electric project being site specific give.> little scope for common 

methodologies for studies applicahle to all sites. However, a general approach could be drawn for 

adoption to t~ local situation. Although SHP is not a scaled-down version of macro-hydro, the 

search of simple methodologies for feasibility and other studies lies in simplifying or screening out 

some steps that are not required or that can he merged with others. The paper gave some schematic 

approaches that could be followed including resource assessment in simple way. 

b} Local Manufacture of SHP Equipment 

Beginning with status of fabrication level of SHP e:iuipment in the ESCAP region, the paper 

sugpiested to consider local manufact·•re in three different levels; first-improvement of traditional 

turbines, second indiR1?nous fabrication through utilization of existing1 simple facilities and third

commercial manufacture. 

c} ways and Means of Cost Reduction 

The cost of power R1?neration depends •>n a numher r:i factors such as site condition, type of 

installation, sources of equipment and material supply, availability of manpower, plant utilization, 

sources of tenns and finanre etc. Therefore not only turhine-~nerator costs hut all these factors 

are potential areas to he carefully studied for cost reduction. 

O'lALL, JOSEPH: (GUYANA) 

Local Manufacture of Mini Hydro Equipment 

The paper riealt with the steps taken in the actu~I construction of a Ranki Turhine using low grade 

tech .• ology. 

• 
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It was not intended that aU the steps be shown, but only those that the autt:or considered to be 

important. However an attempt was made to supplement this deficiency with drawings. 

The article must be seen in the context of having constructed a turbi~ how this turbine can be 

improved by making it on a knock-down basis. 

H. SINDING: {NORWAY) 

Promotion of Local Design and Manufacture of Equiprnert. and Auxiliaries 

The iJaper supported the idea of local production of products for small-scale hydro power 

plants as a means to achieve an inrustrial development in parallel to the hydro power deYelopment. 

It described various possible cooperation with existing inrustry. HoweYer, there are several local 

preconditions to be taken into consideration, mainly as to market size and development, local 

workshops and baence d payment. 

The paper recommended four possible steps depending on the local conditions and the kind 

of cooperation chosen. 

High reliability of electricity supply is of paramount importance hence the paper proposed to 

start witt- maintenance and repair shop as bases for technological transfer and development. 

The importance of balance d payment, i.e. availability of foreign currency for raw materials 

and spare parts is emphasised. 

In conclusion the possible support of the Norwegian inrustry is described. 
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A. VINJAR: (NORWAY) 

(l'apt~r presented on the rt11uest al UNIDO) 

~actors Affecting the Feasibility of Small-Saile Water Power Plants 

PLrnning at small--scale water power plants r~uires skills within the tun range of power technology. 

Developing countries should prPJ>are the ground for estab&shrnent al local know-how, i.e. inside 

i n<iu ~trial plants, supply units and also inside governing bodies and other relevant institutions, to 

rl'ldke the country's own people able to handle planning. construction and operation of power plants 

.1 nd pcw•cr supply systems. 

1'11.\cr technology knowledge is required also for small-scale power plants. Technical eduration on 

all levels takes time. It should start at an P.arly stage and such personnel should as much as possible 

h,· t11·d to lnGll projects. 

l 1> prt"llcnt ~onomic hazardous risks because of lack of sufficient basic material, hydrologic 

in.,,1·,.ti~1ti11ns must he st.Hted at an earliest possible stage - many years in front of proje<l p~nning 

.1 nd reali1ation. 

'"'1.1ll-sc.1le "•ater 1>0wer plants ~nd themselves well to star.~rdization of components and even 

.·. !J,,~, phnts, which reduce planning costc; and counteract th1• Peonomies of scale of power plants. 

I lt•111·11di11g on resources available, power plants should he introduced into the supply system in order 

of rising costs of supplied power. necause of the exposerl <'Ccmomies of sc.ale .:.:/ power plants, one 

~li·11ild investi~1te c~uefully if there ic; a potential market for the energy from the hi~st plant before 

1hoosi11g the smaller plants. 

l''"'er pr•>iects - especially smalhcale proje<ls at the initial stag1! of <ievelopment - should !Jc planned 

in conjun<lion with the power nldrket and the power market shnuld he adaptf'rl to the characteristics 

11 rill' power pLrnt, i.e. to its pro<fuction c.;1pahilities. 

I lw fp.i~ibility of projects should he ew1lu.tterl as a part of the economy of the society which is to be 

served hy the plant. 

l.1><1ns given on trdditional terms represent a harrier for developmt•nt of power supply in fo..., 

pro<fuctive areas. Financing terms should lw modified to lw more in h.umony with the estirrnted 

<iPvr~lopnwnt of thf' purchdsing ability of the society concernf'd. 
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E.M. INDACOCHEA: OLADE 

Work Programme for the Regional Network for Small Hydro Power {RN - SHP) and the Hangzhou 

Regional Centre {HRC) 

The paper provided a draft outline of a Programme of Activities for the Regional Network {RN-SHP) 

and the lfanglhou Rerional Centre {HRC) for Asia and the Pacific. for the years 1983-1984, with 

projections for 1985-1966. 

Specific objectives for the work to be condicted on Research and Development, Training. Information 

Se1Vices and Advisory Services, are defined and a strategy of execution is proposed. 

The document also presented the outline of a group of projects that could he developed by the HRC 

and/or the RN-Slf P, defining their sco:>e, expected results and basic human and material rflluirements 

for their exeaition. 

1 he proja1s proposed are the followinr,: 

a) Rese.arch and Development_ 

1. Methodologies for Evaluating Small-scale Hydro Energy Resources and Energy 

R8luiremenu. 

2. Guidelines for Project Formubtion, Oefinition of Scope of Studies and Project 

Formulation. 

]. Manual for Civil Works Design, Construction and Application of 

non-c..1nventional technologies. 

4. Technolorjcal and Industrial Profiles for t>nd use of ek>ctricity ~nerated hy 

SllP. 

5. Design, standardiLation and ma1111facture of SllP fquipment; First Phase: 

~fanual on Cross-Flow Turbines and Elec.tric..al-Electronic spPed regulators with 

positive flow control. 
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b) Training 

1. Seminar on Regional Capacities for SHP Development 

2. Regional Course on SHP Design 

3. Regional Training Course for SHP Operators 

4. Exchange of Personnel 

c} I nforrnation Services 

1. Publication of SHP Newsletter 

2. Utta Bank. Reference Library and Information Exchange System 

3. Directory of R~onal Manufacturers of Equipment and Materials for SHP 

4. Suniev on Prices of Equipment and SHP Costs 

5. Survev on Institutional Arrangernents, Problems and Solutions 

d) Advisory Senices 

J.M. DB. ROSARIO: (PHILIPPINES) 

Promotion of Local Design and Manufacture of Mini Hydro-electric Equipment in the Phiippines 

1. What Have We Done? 

We have manufactured six (6) units, fer three (3) sites, totalling about 100> KW. 

We starteci about three years ago. 

A new project is about to be finished; 2 x <XX> KW., or 1,llX:l KW., bringing total to 2,llXJ KW. 

All units were sold to NEA and then to its cooperatives. There are still obstructions to seflng 

to the private sector. 

2. What Have We Learned? 

1) We can do it 
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We have the basic technical know-how, acquired more specific know-how, and have 

the pla1'1ts and experienad woricers. 

2) Our costs are much lower than Western costs 

.\bout 50-60% in fact. 

3) It's (manufacturing mini-hydro) not a good business if it is ~I you've got 

The maricet/buyer is only one. Subject to change due to bud~ary exi~ndes. 

Government policies change. Plannng of "mix" or production run, not possible. 

A discrete, purpose-built SHP plant is not n:lw feasible. 

4) It is not even a business unless funding of purchases of units can he assured. 

Without fundinR, no sale. 

M. EISENRING: (SKAT) 

local Manufacturing of Water Turbines 

Conriitions for irnplr11entation of )I IP in e~h country vary. On the rJther hand, foreiRO 

manufacturers are rP!uctant to provide their services for local turbine manufacture for various 

<;K-\ r which is the Swiss Centre for Appropriate T echnolog.,-, dis se•ninates tlw ~sign of a simple, 

reliaUe crossflow turbine for local manufacturing. Details are prrivirleri. 

Institutions rnrh as SK'\T, which disseminates information on cxiqing technology, should he 

stn>ngthened. 

• 
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K. GG..DSMITH: l.MITB> NATIONS (DTCO) 

~conomic Appraisal of SmaD Hydro Power Projeds 

The paper represented a personal contribution towards the work of Group I on feasibility srndies; it 

was not an dficial comroonication from the United Nations. The paper described a few of the best 

known rnethods of economic apprai.sal with special emphasis on simp&city of approach in order to 

&mit the effort put into the study pha'i<? of mini-hydro schemes. An example was presented d the 

economic evakJation of a small-scale hydro power pro;ect in Thailand. 

Wlll.IAM H. TAN.AKA: (UNIOO) 

UNIDO Issue Paper 

The paper highlights some d the main issues to be ciscu-;sed at the meetirg on the five objectives of 

the Third Workshop on Small Hydro Power. 

D_raft Work Programme of ESCAP Regional Network System for Small Hydro Power During the Interim 

Period (1983(1984) 

The pclpN describes a draft work programme of the proposed regional network for ESC AP region 

cnuntries during the interim period 1983(1984 which is Lugely based upon conckJsions and 

recommendations d the "Senior Expert Group Meeting on the Creation d a Regional Network System 

.rnd the Assessment of Priority Needs on Research, Development and Training in the field of 

\\ini-small Hydrn Power Generation· held in July 1962, Hanwhou, People's Repuh6c of China. 
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IV. Pl.INARY 

At th-? First Plenary Session, the participants elected the following officers: 

Chairman 

Rapporteur 

Vice ChainNn 
Group I 

Vice Chairman 
Group II 

Vice Rapporteur 
Group I 

Vice Rapporteur 
Group II 

Mr. Jalal ud<in bin Zain ud<in (Malaysia) 

Mr. Juan Migt.el def Rosario ( Philippines) 

Mr. S~no (Indonesia) 

Mr. Chartdanai Chartpolrak (Thailand) 

Mr. E. Carlo Fernando (Sri Lanka) 

Mr. A.K. Shrestha (Nepal) 

It was decided that the participants woud be divided into two working groups. Group I to 

<iscuss on Objectives a) and b) and Group 11 on Objectives c) and d). Objective e) was <iscussed in 

the plenary meeting which also gave an opporttr1ity for all participants to review and express views 

on the work of both working groups. The description of the findings are gi~n in Chapter V of this 

Report. 

At the Second Plenary Session, the Workshop reviewed the findings from the visits to six (6) 

Malaysian SHP stations, <iscussed regional cooperation and prepared the report of the workshop. 

Site Visits 

Presentations were made by representative teams, and these are attached as ANNEX E. 

Th~ <iscussions centred on various aspects including the cost!> of electro mechanical 

eql.ipme~t, installation and civil work, freqi.ency regulation, use of aerial cahles, use of wooden poles, 

site selection with particular reference to high ano medi1111 heads, and maintenance. 
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With r~rd to a q1.2ry concerning electricity in remote areas, the Malavsian representative 

indicated that in the very remote areas diesel power was used and in sorne areas, s och as ~he outlying 

islands, solar energy using panels on roofs was used. The introduction of micro-hydro was also 

contemplated. 

In the discu!>sion on the adaptation of micro processors in SHP, it was brot«ht o.- that 

electronic go~rnors might be expensive if imported from developed comtries b.- that most 

components coud be obtained elsewhere whie integrated circtits (IC's) coud be imported from a 

developed comtry, resuking in considerable savings. 't was also pointed o.- bv t'1e Malaysian 

representative that the use of standard mass-prodoced components, s teh as heating controllers, 

s utably adapted, coud res Ut in ~n weater savings. 

HRC (Hangzhou Regional Center) 

A discussion was initiated in connection with the forthcoming Training Course to be held in HRC, 

Hangzhol4 P.R. of China from 23 May to 24 h ... e 1983. The representative frnm China reported 

that:-

1) The first btilding including the Training Room was ready and that buil<ing work on the rest 

woud commence in the second half of this )ear. 

2) The Government had contributed the Stnl of S million RMB towards the Centre. 

3) At present thirty (30) senio~ and middle-level personnel were working in the Centre and 

Utimately fifty (SO) woud be the complement of the Centre. 

4) The Centre was prepating materials for the Training Workshop and requested case studes from 

other countries. 

5) Arrangements were being made to commence pti>lication of a Newsletter in the latt"?r part of 

this )'ear. 
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ESCAP 

In respect to co-operative arrangements within the ESCAP r~ion, the particip<lnts irom tht> 

region held a S1.trWorking Group Meeting to exchange views regarding the proposed ~'work ProVfarnme 

of the RN-SHP, elaborated by UNIOO on basis of the findings and recommendations of the Se1111>r 

Experts' Workshop held in J uy 1982 in Hangzhou, P.R. of China. The Suh-Working Group a19ced to 

the following:-

i) In order that the member countries can benefit from su:h activities, the importance of 

initiating practical work as soon as possible was emphasised. 

ii) The organisational arrangements of an official RN-SHP based upon the agreement and 

endorsement of member Governments shoud be worked out in parallel to s 1..ch 

activities. 

iii) The joint activities should involve institutions and persons directly en~aged in the 

promotion and implementation of SHP activities in their own countries. It was ff-It 

that su:h activities could favourably support the case for securing the official 

agreement for the RN-SHP at the Go11ernment level. 

iv) Accordingly, the activities included in the tentative Work Programme s ITT1marised in th<' 

draft work programme for the interim period 198.3/1984, re la ting to 

Information, l\esearch and Development, and Training, should be initiated as soon as 

appropriate funding coud be secured. 

v) As to the First Training Workshop proposed to he held during May/I une 1q8J in 

Hangzhou, P.R. of China, it was s ~gested and so recommended that the participation 

of lecturers in addition to the Chinese resource persons would be most important in 

retaining the international characteristic of the training workshop. In this context, the 

participating UN Agencies and Organisations should provide the r01ured financial 

resources to cover those lect ll'e items having specific relevance to their mandated 

activities, and in line with their respective spheres of responsibilities. 

In response to the comrrients from non-REDP participants in Asia and the Pacific who 

expressed their wishes to he able to participate in the Training C.o~ses, RCTT agreed to provide 

necessary resources. 
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The tentative schedule of the RN-SHP acti'1ties to be carried out dmng 1983/1984, as well as the 

Draft Aide Memoire on the First Training/Training Workshop on SHP, are attached to this Report as 

Annex F and G respectively. 

ASEAN - MH Working Group 

Asean Co-operation in Mini-Hydro Development 

The meeting was informed on the progress of ASEAN Co-operation in Mini-Hydro Developrnent, 

which among other things has estabished the ASEAN Mini-Hydro lnfonnation Exchange (MHINEX) 

with Indonesia as the focal-point. The objective of this ASEAN MHINEX is to identify and exchange 

infonnation that would be usef u in the implementation of the mini-hydro program of each respective 

country. 

The ASEAN Group welcomed the opportunity to provide linkages with other external information 

systems with respect to data pertinent to mini-hydro development through its focal point. 

RRED Station 

A Regional Renewable Energy Development Station (RREDS) is being established in the 

_,.1 r ibbean area to: 

i) undertake adaptive and other applied research and development. 

ii) carry out pfot scale and/or demonstration work. 

iii) provide training for private and public sector professionals. 

iv) provide consultancy services and limited project management. 

v) establish direct contacts with organizations in other countries and regions which are 
engaged in similar acti\lities and exchange experiences for mt.tual benefits. 

It will have "Local Outpost Units" in each territory to provide outlets for renewable energy 

know-how via defl"Onstration centres and associated extension and trouble-shooting services relevant 

to each territory. 
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Thp Station will have as its o\erall goal, the propafiltion and exploitation of minihydro and 

other renewable energy technology in the sub-region. 

It has reached the stage of feasibility/prelimi:'lary design which was commissioned by the 

CARICOM Secretariat and is being lrldertaken with the assistance of UNIDO and nther international 

and national institl4ions and Ofri!nisations. 

OLADE 

OLADE, through its Regional Programme on SHP is carrying out and promoting activities on Research 

and Developnient, Trai:'ling, Exchange of l;iformation and provision of Technical Assistance in the 

Latin American and ~aribbean Region. The organization is particuarly interested in promoting 

inter-regional co-operation as a means of strengthening links between third world comtries. OLAl1E 

therefore confirms its willingness to exchange experience and assistance to promote SHP 

development. 

OTHER MATTERS 

The representatives of various African cour-trie~ presented a recommendation as follows:-

RECOMMENDATIONS OF THE AFRICAN PARTICIPANTS AS APPROVED IN THE PLENARY 

SESSION 

It is recommended that the participants at Kuala Lumpur Workshop should initiate a 

network of Small Hydropower experts among African countries in order to promote 

Small Hydropower Development in Africa. 

The objective of the network is to promote co-orrlinated effort in the initiation and 

intensification of Small Hydropower plants in Africa. 

It is further recommended that UN I DO and/or other appropriate UN . .\!J!ndes shoijd 

assist in the implementation of pilot demonstration Small Hydropower plants as a 

means of sensitization, promotion and int(•nsifiration of Small Hydropower 

development for supporting cottage industrie!; Jnd improving socio-economic 

standards of the rural people. 
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This was accepted by the Plenaiy Session for adoption as one of its principal 

recommendations. 

Preparation of Report 

In the Second and Third Plenaiy Sessions, the preliminaiy draft of the Working Group reports 

among others were presented. 

All participants took part ir. the preparation of the report. It was presented and duly adopted 

on 15 March 1983. The meeting expressedly recommended that the report he given the widest 

possible distribution. 

Participants in the Workshop were unanimous in their appreciatio!'": of the facilities provided by 

the Government of Malaysia for hostinf. the Workshop in particular the National Elect"icity Board 

(NW). They wished to record their gratitude to the efficiency of the International Convention 

Secretariat of the Prime Minister's Department in the reception arrangement, the documentation and 

reporting service and the services that contributed to the soccess of this Workshop. The experience 

of Malaysia in SHP development was of special value to all; !he visits to various SHP sites were found 

to be extremely instructive. 

Participants thanked RCTT, UNIDO and REOP for having sponsored this Workshop, in 

association with the Government of Malaysia. They also noted with appreciation the contribution 

from participants from outside the Asia and the Pacific Region, the United Nations Departll"ent for 

Technical Cooperation for Development, Latin American Energy Organisation, the World Bank and the 

Asian Development Bank, the Resource Persons and Observers. 
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V. GROUP REPORTS 

GROUP I: CONCLUSIONS ANO REC<*MENOATIONS 

IA. EXCHANGE OF EXPERIENCE ON THE METHOOCl..OGY OF CENTRALISED MANAGEMENT OF SHP 

DEVB.OPMENT AS COAPAREO TO THE DECENTRALISED APPROACH 

1. The Group recognised that there were a variety of approaches, experience and policies on this 

q~stion. 

a. Centralisation and decentralisation could be dscussed at various levels such as: 

stratP.gY and policy making; 

administrative infrastructure; 

implementation; 

management, operation and maintenance. 

h. Strategy and policy making should hf> a centralised activity where;;s the other aspects 

could be ~centralised. It was however to he noted that when a large numher of SHP 

installations ha~ heen estahlishe<i and were functioning, it. would often lead to some 

type of centralisation dUf> to the necessity of interlinking and integrating them to meet 

situations of shorta~ or excess supply of po'-ver. 

c. The cases of two developed countries wpre recalle<i where in one country, mCJre than 

200 supply units were operating quite in<iependentlv while a central government alOJ!ncy 

coordinates the man.wrnent of the total rnririlv, in the other country, one single 

government a~ncy was in charw of thP entire rirociuction anci supply of electricity. 

ci. During the initial rirocess of introciucing <;HP in a country, snl"'le centrally taken 

initiatives were necessary, and that riolicy, planning an<i riromntion could he hest dealt 

with as -:entralised activities. Implementation, operation, maintenance and 

management could he decentraliseci tn local authorities or cooper~tives. 

e. It was noted that in w.neral, the lowPr the dewlor>mf'nt level of a country, the weater 

was the need for a CPntralised apnroach. 
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f. A decentralised implementation, operation and mana~nt system could, on the 

other hand, lead to a higher degree ci effecti\e utilisation ci the power through the 

direct involvement of initiati\5 taken at the local level. 

g. Training was inevitably an activity that would best be served if carried out on a 

centralised pattern; howe\er, for certain leYels and functions, decentralised sources in 

the fonn of on-the-job training would be more a:onomical and effecthe. 

h. In connection with development loans and fundings, a centralised approach would 

pennit the grouping toeether of several SHP schemes into a programme for loans 

significantly large enough to justify the costs of their assessment and consideration. 

i. A centralized approach allows the 111ouping of several specific, smaller SHP projects 

such that pre-investment costs (W?ology, cartography, hydrology, etc. / can be shared 

over a wider base. 

2. RECOWENOATION 

The consensus of the Group was that: 

a. the question of centralised or <Pcentralised approac~ was essentially a matter that 

required a flexible rather than a rigid attitude; 

b. it had to be considered and applied by each country on a case by case basis, taking 

into consideration local conditions, manpower, experiences, etc., prevailing in the 

country and overall IJ)Yernment policy. 

c. Strategy, policy and planning should be centrally coordinated, while the 

implementation, operation and management could be decentralised or maintained as a 

centralised activity. 

IR. T1lANSLA TION ANO CONVERSION OF SHP OEVB..OPMENT PROGRAMMES INTO PRACTICAL 

PROJECTS ANO THEIR IMPLBIENTATION 

1. It was observed that in countries where such prO<Pss was successfully carried through, the 

success was due to the combination of factors that brouRht ahout a thrust strong enough to 

make the breakthrouRh of the ohstacles anrl hin<Prances typical in manv countries. 

• 
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a. A major factor was the enthusiasm and foresight of a few individuals who appreciated 

the potertial of SHP. 

b. The sensitization of policy makers and finandflR agencies and oipnisations was 

important to enlist their support of the SHP programme. This could be done for 

instance through a carefuRy selected and presented demonstration case where there 

was an optimal ~ of success with benefits in terms of its specific contnbution to 

the priority concerns of the country. 

c. A successful demonstration unit could e-.entually stimulate a political will that would 

favourably support and encourage Sl-f P de\lelopment. 

d. The experiences of other countries brought to the notice of policy makers could also 

be useful in oonvincing them of the benefits of SHP. 

e. An important factor common in successful cases was the assignment of the 

responsibilities of SHP development to a unit, section or department that was 

specialised in SHP only within the o~rall electrification or energy authority of the 

couritry. 

f. lnternation:ol agencies and intel'Rovernmental orpnizatlons were urged tCJ provide more 

information c.nd documentation concerning SHP development. 

2. The Group C1Rreed that a critical issue was the obtaining of proper financial support for SHP 

dewlopment. In this connection, the following points were discussed. 

a. It was of greatest importan~ that the IJ)vernment accord SHP due priority in the 

national development programme. 

b. It was necessary to formulate a 'pad<ageci development prQRramme" for SHP 

dewlopment that would involve siz~le loans to make the preliminary assessme~, 

implementation, monitorinv., evaluation and other costs worthwhile. 
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c. The criteria for cost benefit assessment imposed by some financing all!ndes were felt 

to be sometimes too strict, whereas the soda! and other benefits deriving from SHP 

schemes tended to be neglected. In this respect, it was questioned whether it was 

possi>le to ewlve a methodologv that could quantify such benefits so as to auess 

them in an ..,eeable manner. 

d. It was noted that a well considered and C3refuly prepared feasibility study, such as 

the cases of three countries represented at the Woritshop, could successfully convince 

lencing orpnisations to extend financial support for nAtlonal SHP development 

prowammes. 

e. It was noted that various methods of implementing SHP could be considered; in 

particular, self-help in the form of voluntary labour, self-financing by the project and 

bilateral programmes in addition to assistanre from financing agencies. 

f. The attention of go\lernments and financing institutions should be drawn to the need 

for flexibility in the financing terms for SHP so that they can he accommodated within 

the economic life of the project. 

3.. Manpower buildiOR through training activities, particularly at the ieglonal and iobal level, was 

also highlighted as an important as~ in formulating and Implementing practical projects of 

SHP. 

a. The edstenoe of a core of q1.111ified personnel In all aspects of SHP dewlopment was 

considered to be an Important pre-requisite for successful project Implementation. 

b. In this respect, the case of ~he ESCAP ReRional Centre on SHP in Hangzhou, People's 

Republic uf China, and the proposed Regional Network for Research and Training In 

SHP in th,. ESCAP reRion was cited as useful supporti\11? measures to serve !dentifiet:J 

needs of the member countries. 

c. The need for similar measures to respond to the f'ftluirements of the countries in the 

African and other rei;Por s was emphasized ann action in this respect ':>y UN 

orpnisations was stroORlv recommentien. 
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4. RECCMMINOA TI<»IS 

The Group reached the con5ensus that: 

a. the sensitization of policy makers through persuasion and demonstration was an 

important step for securing a favourable poitical support toward:; SHP development. 

The importance of social and other benefits should be stres5ed in this connection. 

b. a minimum core group of enthusiastic and devoted individuals could play a significant 

role in the promotion of SHP programmes and its conversion into practical projects. 

c. a flexible approach was necessary, particularly at the initial stage of promotion of SHP, 

so organised as to rea::h an optimal level of contribution towards the national priority 

concerns, in order to convince the policy makers, lending OrtJJnisations etc. of the 

viability of the SHP programme. 

11. ELABORATIC.... OF A SIMPLE METHOOOLOGY FOR FEASIBILITY AND OTHER STUDIES 

APPROPRIATE FOR SHP 

1. It was ohserved that the lack of a rnethodolngy for feasibility and other studies appropriate 

for SHP often caused difficulties in that the criteria developeci for a lar~ hydropower was 

applied to projects for SHP in a miniaturised form. The following discussions emerged in 

reviewing this subject:-

a. ~ number of countrie-; which already had initiatf>rl their SHP development programmes 

have accumulated experiences on a SHP rnoner rnethndology of a feasibility study. In 

this respect, it was recommended that the HR( with other United Nations and 

international organisations might jointly collaborate to prepare a comnentiium nf such 

methodologies developed in the various countries, for rlissemination. 

b. While observing that a numher of documents suhmitted to the present workshop hy 

the participants did c~r their information on met hociologjes, the following might give 

an indication as tn the type of documents that might he inclu<ied in the 

compendiurn:-
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i) A check &st of elements to he considered in electrification projects based upon 

SHP {Workshop document of the Philippines). 

ii) Comments on main elements to make decision makers aware of the importance 

of e<K:h element and in particular, which element could be included in u. rtain 

cases - especially when mini and micro hydropower projects are considered 

{Workshop document by Vinjar). 

iii) Example of the selection and evaluation criteria for mini hydro schemes 

att<K:hed as Annex o. 

iv) General doruments on socio-economic and socio-political benefits to be 

derived from electrification of rural and remote areas. 

v) Other examples of methodologies adopted by various countries. 

c. It was emphasised that such methodology should be adopted by each country 

CK:cording to their own needs as well as purpose of the decision making, which could 

be for the viability of the project implementation by the implementing organisation, 

policy makers within the IJ)vernment, for submission of proposals to lending 

institutions for securing financial support,etc. 

d. Since the main characteristic of SHP development was its simplicity, low.cost and easy 

operation, it should be borne in mind that whatever methodology was to be 

developed, it should be kept as simple as possible. 

e. Special attention was drawn to the fact that in taking decisions on the viability of a 

SHP project, the socio-economic as well as socio-political aspects should bE: given due 

consideration, since this was a matter of critical importance, particulariy to the 

developing countries. 

f. In connection with the socio-economic and socio-political effects of electrification of 

remote areas, it was observed that besides the direct benefits from the electricity 

supply to a community in the form of better &gntinR, application of household 

• 
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equipment, energy for handicraft and industty etc. electrification creates a significant 

multiplier ef~ in the ~prnent of the community as such. It should also be 

noticed that electricity supply is a prerequisite for economic and social development. 

SHP is important as one element in rural development where suitable water power 

sites are available. 

g. The Group was infonned of the pldn of UNIOO and other UN •ncies to carry out a 

study for the development of a standardised methodology in the fonn of a check list 

for the lll!Connaissance and feasibility studies, suitable for SHP pro;ect assessment and 

evaluation which should be continued, in co-operation with other orpnisations as 

appropriate, and made available to all interested countries at the eeriest possibility. 

2. RECOitMENDA Tl<»lS 

The Group reached the concensus that: 

a. It was necessary that the viability of a SHP project should he hased upon a 

methodology ~oped for SHP proper rather than depending upon the application of 

a miniaturised larxe tr,-dropower feasibility study criteria. 

b. As a first step, it would he useful for RCTT in cooperation with other UN ajJ!ncies to 

prepare a compendium for such SHP pro.Jer methodologies adopted by various 

countries, which could he used as a referer.ce for other countries which ha~ not yet 

developed their own methodololit'(. 

c. It was felt necessary to ha~, and accordinl'Jy recommended by the Working Group 

that a study be carried out by HRC in cooperation with UN and other international 

ajJ!ncies to develop fl standardised methodology in the form of a check list for the 

reconnaissance and feasibility studies suitahle for SHP project as<;essrnent and 

evaluation. 

• 
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ILA TO REVIEW WAYS AND MENilS Of PIDllOTINC LOCAL DESICN AND MANUFAClUUNC OF 

g&All HYDRO POllHl EQUlfMINT, MACHINERIES ANO ANCILLARIES 

1. EQUIPllBIT SUPft..Y NII> MANUFACTURING POLICIES 

a. Each country should have a well defined SHP equipment policy. The aspects to be 

considered in the definition of such a policy can be valid for all countries, but the 

actual policy to be outlined should be specific for each country. 

b. The following aspects should be consideted to establish a national poricy for 

equipment supply and manufacture: 

i) Socio-Economic and Political System of the country. 

ii) National objecti~ and programmes for rur~ development and enef'RV 

development. 

iii) General Industrial Policies. 

iv) The policies outlined should provide specific solutions for the cifferent 

equipment components and even also for various sizes or types of the same 

piece of eql.ipment. 

v) For ea:h eql.ipment component and for various types and sizes, it should be 

decided if the best alternati~ is to import or develop local manufacture. If 

the latter is decided, it should be defined if it is necessary to buy foreilVI 

manufacturing technolQRV or if it is possi>k to develop or assimilate 

technologies on an "open" (available free) basis. 

vi) Existing or potential manufacturinic capacities. 
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vii) .\vailabilitv nt hur•.an rt"><;ources rpriuirt>rl for design .Jnd •n.1n11f.trture 

(e~inf'f'rs, tf"Chni<:ian<:. skillerl \'1•orkNs). 

viii} Training require111t•nts for <f~oping local manufacturing caf)aeities. 

ix) Size of tilt> marl<et, depenciing on the SHr implelTIE'ntation j)l'ogramrnes, 

possibilities for exports; scale of production and its economies. 

x) \ianufacturing costs. 

xi) Impact over the Ralanre of Payments (Imports of equipment, Imports of 

components, licence fees, raw materials. etc.,} 

ltii) International Hanrfardc; ;tt; a fl'lint of rpf<>rPnO', whrre 'l'>Plicahle anrl fp;ic;ihlP. 

2. TECl-NllOGICAL ALTERNATIVES 

a. There was a wirle clic;cuc;<;ion l{'g,H·iing the tPChnolngif>c; for ("'.f.lhlic;hing m;ir111f:ict11r .. in 

third world cnrintries. 'lome of tht> nartidrantc; arlvoc.1ft>rl the intensiw uw of l0rallv 

applicahlP technologit>c; .1nrl c;nrnf' other.;, thr uc;e of "high If.vet" tffhnologit>S. It w;is 

agreed however, that the choice of the tvflf' of technologv rlf'f>t'nded on many fartnrs 

that should ht• ac;c;E>c;wci fnr thr particul;ir c;ituiltion in r;ich co11ntrv. in the following 

way: 

i) Tec:hnologi(>c; that ;irr ~·nNillly ,c;impr, an1•sc;ihlP. anrl ;irlapt.lhlP to nrorlucP 

iow-cost equipment. Relati~y low<>r f'f ficiencies anti shorter life 1>xr-,ectancy. 

More acieriuate for the smaller <;itM of fflllipment, nviuiring low inve<;tment s, 

and when life exr-,ectancy anrl efficiPncv is nnt thf' most imfl'lrtant factor. 

l.iorf> ..-iopt.Tlle in countries and areas with limitPrl 111a1111f.,r.uring <".1pacitiec;. 

ii) T echnologiP.'i that are wnerilllv more c >mplPx anrl mnrf' difficult. High cost of 

tech nolngv and fflllip'TIPnt; high t>ffiCirndM; ni~h f'l( pPrtf'O life terms of 

~uipment and highly reliahle. 
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More suitable for the la~r units, when efficiency, life term and relability are 

more important than initial inwstment. Probably Rmlted to countries with 

relatively higher le-A!ls of industrial development. 

ii) The best option could be a mix of the abOll'e technologies taking into account 

the specific reality of each country. 

b. One cl the choices is to buy technology on a kencing basis. In this iespect it was 

a~to: 

i) Limit the tenn for assimilati"R the technology, after which no further payment 

of royalties should he retuired. 

ii) Avoid unnecessary restriction on the ec:tension d manufacturing components 

or to limit the activities to assembly work. 

ii) Define dearly which components should be bought from the owner of the 

technology and for how long. 

iv) Avoid IJ!ographical limitation of market. 

v) Define clearty if the etuipment characteristics and their cost is compatible with 

the requirements of the country. 

c. If it is decided to use local technology, the following factors should be taken into 

consideration: 

I) Is theie any technology already available and "open"l Assess its quality anti 

coveraae (functional desiR", and/or mechanical design, and/or detailed design 

and materials selection and/or deYelopment .of standardized series). 

ii) If it is necessary to develop local technoloifes, to assess the capacity of 

research and eORineering institutions, their experience and prospects of results, 

manufacturing and testing of prototypes etc. 
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iii) Available or locally developed technologies in IJ?neral permit obtaining desiwis 

th& are suited to the tat~rements \Ji SHP development in the country, 

maximizing the use of local materials and manufacturing capacities, and lower 

costs. On the c1her hand, if the quality is not adequate thev could present 

problems reprcing reiability, safety, efficiency and expected ife term. 

3. lYPE5 OF EQUIPMB« FOR MANUFACl\JRE 

a. Equipment exclusiwly useci by SHP 

i) Turbines 

For capacities up to 1000 kW, (approximately) medium heads (and part 

of the low and high head field), Cross Flow turbines are the best 

known option because of their low cost, simplicity of manufacture, 

availability of designs, reliability and flat efficiency characteristic that 

mike their operation at variable loads highly efficient, in spite of its 

inherent low peak efficiency. 

For high heads, Pelton turbines are the best choice. Their manufacture 

is relativt!ly easy but require adequate foundry capacities. 

For very low heads, axial flow turbines are ~he best choice, in spite of 

their high cost and more demanding manufacturing requirements. 

Francis turbines are the most adequate for medium heads and relatively 

higher capacities. 

Turbine manufacture in third world countries should be done as a line 

of production of existing engineering shops which produce related 

eq~pment, such as pumps, because of the limited markets which 

would not justify specialized plants. 

It should be noted that when the technology is available and there are 

adequate human resources for production, in IJmeral it is cheaper to 

produce small turbines in third world countries, considering the lower 

labour costs and the fact that the manufacture of turbines at the most 

is carried out by "hatch protJuction' and nelt'er by mass production. 
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ii) Speed Regulator 

Hydraulic or mechanical speed qulators can be manufactured at the 

same facilities as the turbines. 

Electronic speed regulators rftluire a specific plant for their assembly. 

Electronic load controllers with energy dissipation are justified when 

there is a possibility of producti~ utilization of off-peak energy or 

when lowering the level of the excess water flow has no economic or 

social significan~. Otherwise it is better to use electJK:al - electronic 

gmernors with positive flow control. 

b. Eqlipment that iequire specific adaptation for thar use in SHP 

i) Val"'1e5 

Should be 9!ared to a wider marb!t with specific models of butterfly and IJlte 

valves adEquate for SHP applications. 

ii) Gates, pids, etc. 

Can be manufactured by small shops to cover other applications such as 

irription. 

ii) Generators 

Produced in larae batches; desilPl must be adapted to operate with water 

turbines, considering their specific over-speed characteristics. 

Asynchronous ll!nerators (inverted induction motors) are an interestin1 low 

cost option but require an adequate system of eccitation for Independent 

operation, or to worit Interconnected with """' edsting electrical system. Their 

production Is not specific to SHP but to the lar9!r market of electric motors, 

with the aception al some additional components. 
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c. Equipment and materials that are developed for other applications but can be used in 

SHP development. 

It is necessary to assess the prospects, problems and methods of selection and 

application to SHP, of existing production, without any expectations that SHP 

developmert could become a motivating factor for their production. 

It is possble to identify the following: 

Tl.lhes for penstocks; 

Electrical instruments and switchf'!ar; 

Transformers; 

Electrical cables and insulators; 

Standard compunents of specific equipments (roller bearings, bolts and nuts, 

washers, etc.) 

Cement 

Construction steel, etc. 

4. llECl<»tAL AND INTRA RECl<»tAL CO-OPERATION 

a. It was ~ that a "Directory of Regional Manufacturers• should be prepared, as a 

project for the HRC and/ or the RN - SHP. Its preparation should hcwe an inquiry 

Stal! by fllin1 suitable questionaires, processing of information with an existing format 

and then produce the <irectory. 

b. The meetir11 recommended that it was necessary to develop manuals on cEsign, 

standard series and manufacture of equipment, as a regional effort supplemented by 

external support and with the objective of providing "open technologies• to the 

countries that mav be interested in using them for the prorluction of equipment. 

c. EW!n thou4'h it was •reed that it would be ideal to reach a point in which each 

country could be specialized on specific production, as to attain better economies cJ 

scale, it was re<:Olflized that this target required a poltical effort of intewation that 

was beyond the scope of this Wort<shop. 
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d. It was also aweed that other directories should be prepared regarding the following: 

Expert capacities 

Consultancy capacities 

Research institutions and their <Evelopments. 

e. It was further a~d that reports of local activities should be collated and circulated, 

cOYering selection c:J items, approacha, design adaptions, description c:J problems and 

failures, experience in production, maintenance and operation. 

5. RECOMAENOATIONS 

The Group recommended that: 

a. Each country define an SHP equipment policy tadng into consideration the principal 

criteria necessary to formulate such a policy as well as taking into account the unique 

conditions and reqt.irements of each country. 

b. The choice of the type of technology, particularly as to use of 'appropriate' or 'high 

le-..el' technology, i'1duding the choice of developing indigenous local technology or c:J 

buying imported know-how, should be made on the basis of factors that a~ peculiar 

for each country. 

c. Third World countries undert~e turbine manufacture in conjunction with tther 

products such as pumps because of limited markets. Manufacture of tther 

components should be considered 6pending on remand. 

d. A Directory of Regional Manufacturers be prepared, as a project of the HRC and/or the 

RN or SHP. It was expected that international Ol'RClnisations and e«encies could 

assume such a project on a wide international level. 

e. Manuals on design, standard series and manufacture of equipment be developed as a 

regional effort supplemented by external effort, with the objecti-..e of providinR 'open' 

technolollies to all countries seEkinR such help. 
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f. Other directories be compiled on the following:-

expert capacities 

consultancy capacities 

ft!Search institutions and their developments. 

I• Reports of local aaivitles should be collated and circulated, covering selection of Items, 

approaches, deSllJ1 adaptations, description of problems and failures, experieooe in 

production, maintenance and operation. 

II. B. TO EXCHANCE VIEWS ml WAYS AND MEANS OF cosr REDUCTIO-. COMPATllU WITH 

VIAlllLITY NII> UTILITY IEQUIREM&ITS. 

Generally speakln1, cost of development of SHP is a function of site topography, ~logy, 

hvdrologic:al conditions, availability of construction materials and ~nerating ft:1uipment, site 

accesslbllty, desian approach and functional rft:1uirement of the plant. Many of these factors need 

In-depth study vis-a-vis with the conditions of the specific country. However, ;oint regional or even 

International efforts are needed to find ways and means to reduce the cost of SHP development so 

that SHP obtains sharper forus on the priority scale of development of national go\lernments in 

aeneral and rural electrification in particular. 

, • CIVIL ENCIN&RINC wmacs 

A careful survev in selection of intake site, power canal aliRnment, power house, etc. is the 

necessary pre-condition to achieve cost reduction in SHP development. Views were expressed to 

adopt a non-conYentional approach in design of various structures to achieve simpler construction of 

head-works, canals, pen~tocks, power house using locally available materials such as boulders, 

wooden plants, bembooes etc. Sug?stions were also made to investiwtte the possibility of wider 

application of pre-fabricated concrete blocks and weirs recently developed and used in some 

countries. Discussions were also carried on the various types of intake arraf1Rement such as simpler 

drop-type weirs which are most suited for hill rivers, under certain conditions. Suuestions were 

ma to use pressurised water accumulator, multiple \lertical pipe instead of the costly corwentional 

surwe tanks. Where possble, multiple purpose pro;ects (irrijJltion, flood control, domestic water 

supplv etc.) can lower the cost of clvl work applicable to SHP component of the pr~--:t. 

--



- 53 -

2. EQUIPMIMT N«> C<»mlOL 

The use of "off-t~shelf" centrifuaal pumps can be a cheaper al!ernative where efficiency can 

be sacrificed for reduced cost. 

Some countries haYe experiena!d RQod results using ele tronic load controller dumpiOK ex-;ess 

load. But countries which do haw wide variation in discharae and have multiple water use, feel this 

system of speed regulation is not compatible with requirement and are eien more expensive. 

Mexico has successfully used micro-computers in automation of operation of bigg?r scale 

power plants and the possibility of using such systems in SHP was discussed widely. Views were 

expressed that emphasis on low technology for turbines for SHP may not be compatble with the use 

of sophisticated technology as micro-computers for operation of SHP plants. More so, 

micro-computers have the disadvantaae of the necessity of maintenance of sensors and interface. 

However, the perspective of use of electronic equipment in SHP development must not be lost. 

3. PENSTOCK 

There was wide discussion on the issue of various types of penstocks being used in different 

countries. It was brought out that different countries are trying different means so as to reduce 

cost in materials, fabrication and transport. China which used wooctstaYe pipes till some 30 years 

ago, is now widely using pre-fabricated cement pipes for up to 100 m. or more head and maximum 

diameter of up to 1.3m. AbOlle 8lO mm. diameter, these pipes are fabricated at site for reasons of 

economy In transport etc. Malaysia is using either steel or polyethylene pipe for penstock and felt 

that fabrication of penstock to the nearest higher size is cheaper than wasting material and labour in 

making the tailor-made size. Nepal had experience with steel pipe fabricated in small len-hs at the 

factory and having extensive welding at site. All these constitute a process of trial and error to 

achl~ economy both in terms of material, fabrication and transport. Asbestos cement pipes also 

offer a low cost alternative and ease of installation. Henre it can he summarized that the factors 

that affect the choice are 

a. availability of materials; 

b. pr")ductlon fadltles and 

c. technolop:.al status of the country. 

---

i 
i 
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4. PROJECT llES1GN 

Computers ar~ useful for simplifying design procedures and reduci11g routine calculations. 

However, the best perspective used is in the preparation of design curves and methodologies, 

optimisation of design involving complex numerical calculations but it should not be forgotten that 

the computers cannot become substitutes for human inFJ!nuity. In some cases they can be useful 

for analysing alternati'*.s for specific pro;ects. However, the most important scope is for the 011erall 

analysis of the small hydro power development and optimisation. 

5. RECOIMENOATIONS 

--

Considering the various alternatives available or possible the Group recommends that: 

a. The appropriate UN a~ncy compile and disseminate information regarding the 

methodology of survey and design of maj<>r civil engineering structures such as 

headworks, water conveyaf'!ce system, forf>hay, power house etc. practised in various 

countries; 

b. Tile appr<>priate UN agencies undert"'e research on the various aspects of cost 

r"'<iuction on the civil engirn>ering works; 

c. SHP Projects use standard ~nerators and switch gear where possible; 

d. A regional and international effort he made to develop soft-ware for SHP application. 

Training of personnel in this fielr:I should also have a high priority; 

e. Further studies should be carried out by UNIDO in cooperation with other UN 

agencies as appropriate to enhanre the pmductive use of micro proresso r and 

electronic technology in the SHP field. 
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ANNEX B 

W 0 R K P R 0 G R A M M E 

Sunday, March 6, 1983 Arrival of participants and registration 
at Merlin Hotel, Kuala Lumpur. 

Monday, March 7, 1983 

0800 - 0900 

0900 - 1030 

1130 

Registration of participants. 

Opening Ceremony. 

Coaches leave Merlin Hotel for site visits: 

Group 1: 
Group 2: 

Visit to Ulu Dong Mini Hyrlro Station. 
Visit to Kongkoi Mini Hydro Station. 

Tuesday, March 8, 1983 General discussions and country papers. 

Wednesday, March 9, 1983 Discussions on country papers. 

Participants and observers will be divided into two groups to 

discuss the following objectives of the Workshop: 

GROUP 1: 

GROUP 2: 

a. Exchange experiences on the methodology of centralized 

managemQnt of small hydropower development as compared to 

decentralized approach, including discussions on the 

translation and conversion of small hydropower development 

programmes into practical projects and their implementation. 

b. Elaborate a simple methodology for feasibility and other 

studies appropriate for small hydropower. 

a. Review ways and means of promoting loca] design and manu

facturing of small h1dropower equipment, machineries and 

ancillaries. 

b. Exchange views on ways and means of cost reduction compatible 

with viability and utility requirements. 
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Thursday, March 10, 1983 

0830 - 1230 

1500 - 1800 

Fridav, March 11, 1983 

Saturday, March 12, 1983 

Sunday, March 13, 1983 

Mondav, March 14, 1983 

0830 - 1230 

1400 - 1500 

1500 - 1700 

Tuesday, March 15, 1983 

0900 - 1230 

1400 - 1500 

1500 - 1530 

Group discussions. 

Joint Plenary Session. 

Coaches leave for Ipoh. Site visit to Robinson 

Falls Power Station Cameron Highlands. 

Coaches leave for Kuala Kangsar. Site visits to 

Sungei Chempias and Sungei Gebul Mini Hydro Schemes. 

Coaches leave Ipoh for Kuala Lumpur. 

Joint Plenary Session. 

ESCAP Region Sub-Working Group. 

Continuation of Joint Plenary Session. 

Plenary Session discussions: 

a. Review and exchange of views on site visits. 

b. Exchange views on co-operative arrangements 
including Regional Network System. 

c. Preparation of report. 

Consideration of draft report. 

Adoption of report and recommendations. 

Closing Ceremony. 

I 
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LI ST OF DOCUMENTS 

Computer Optimization of Hydro Power Station 
Design and Reliability by Dynamic Simulation 
by Rodolfo Susa Cordero 

Smal~ Hydro Power Development -
The Socialist Republic of the Union of Burma 
by U Zaw Win and U Myint Aung 

Small Hydro Power Development - Fiji 
by D.S. Pickering 

Mini Hydro Power Development -
United Repuolic of Tanzania 
by B.E.A.T. Luhanga 

Centralized Versus Decentralized System of Project 
Planning and Implementation of Mini-Hydro Power 
Development - The Indonesian Case 
by Hartoyo Notodipuro 

Methodology for Feasibility Studies -
Republic of Korea 
by Chun Yun Wook 

Ways and Means cf Cost Reduction Compatible with 
Viability and Utility Requirements 
by Mohamed Zubir Bin Zainal Abidin 

Centralized System of Mini Hydro Projects Planning 
and Implementation in Peninsular Malaysia 
by Hoesni Nasaruddin 

Small Hydro Power Development - The Kingdom of Nepal 
by Atma Krishna Shrestha and Har' Man Shrestha 

The Status of Small Hydro Power Development in 
The Connnonwealth of Dominica 
by Rawlins Bruney 

Report Format Outline for Feasibility Studies 
Mini-Hydro Power Generation Projects; and 
Mini-Hydro Power Generation Project Study Guidelines 
(As used in the Republic of the Philippines) 
by Zenaida A. Santos 

Promot ton of Local Design and Manufacture of Mi1.; 
Hydroelectric Er}uipment in the Republic of the Phi1lppines 
by Juan Miguel V. del Rosario 

• 
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Small Hydro Power Development -
People's Republic of China 

I. General Situation and Fundamental Experiences of 
Development of Small Hydro Power (SHP) in China 
by Deng Bingli and Zhu Xiaozhang 

II. Experien~es of Independent Operation of 
Small Hydro Power Grid at County Level 
~y Yang Yupeng, Huang Zhongli and Zhang Beichen 

III.How to Establish Indigenvus Manufacturing 
Capability of Small Hydro Turbine Equipments 
by Song Shengyi 

Small Hydro Power Development -
The Democratic Soci~l_ist Republic of Sri Lanka 
by Carlo Fernando 

Local Design and Manufacture of Equipment and 
Auxiliary for Mini Hydro Power Generation in 
the Kingdom of Thailand 
by K. Bhadrakom and C. Chartpolrak 

Development of Small HydrJ Pouer in 
the Republi~ of Zambia 
by Johannes Kalolo Chanda 

Small Hydro Power in the Republic of Turkey 
by Suat Pasin 

Some Aspects of Small Hydro Power Planning and 
Implementation in Ethiopia 
by Hailu G. M.<\riam 

Promotion of Local Initiatives in Small Hydro Power 
Development in The Socialist F~deral Republic of Yugoslavia 
by Darko I:ekic 

Progress in Small Hydro Power Development 
in The Republic of Sierra Leone 
by D.L.B. Kamara 

Cost Reduction Considerations in 
Small Hydro Power Development 
by Dennis A. Minott and Richard A. Delisser 

F~ctors Affecting the Feasibility of 
Small-Scale Water Power Plants 
by Asbj~rn Vinjar 
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How to Start Manufacturing of Equipment for 
Small Hydro Power Plants in Developing Countries 
by Alfred Hueter 

Local Manufacture of Mini Hydro Equipment 
by Joseph O'Lall 

Local Manufacturing of Waterturbines 
by Markus Eisenring 

Micro Hydro Power for Rural Development -
Lessons Drawn from the Experience of the 
Intermediate Technology Development Group 
by Ray E. Holland 

Promotion of Local Design and Manufacturing of 
Equipment and Auxiliaries 
hy H. Sinding 

Work Programme for the Regional Network for Small Hydro 
Po~er (RN-SHP) at the Hangzhou Regional Centre (l~RC) 

by Enrique Indacochea 

Economic Appraisal of Small-Scale Hydro Power Projects 
by K. Goldsmich 

Small Hydro Power Development 
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ANNEX D 

EXAMPLE OF SB.ECTION AND EVALUATION CRITERIA Fat MINI HYDRO SCHEMES 

{AS USED BY A LENDING .t.GENCY) 

A. Technical Criteria 

1. In all cases, the mini hydro scheme shall be designed for eventual interconnedion to 

the central supply system either through the existing or soon to be established rural 

distribution network, or through the sub-stations supplying the Kampu ng. 

2. In considering the suitability of mini hydro schemes for project financing the Executing 

Agency shall be guided by the following general criteria: 

the installed capacity of the schemes proposed for project financing should 

generally fall within the range of 50 KW to 1.5 MW; 

firs• priority, will be afforded to schemes designed to supply Kampungs which 

at present do n<X have the benefit of supply; 

second priority, will be afforded to schemes designed iJ replace existing diesel 

generation; and 

third priority, will be afforded to schemes designed to provide voltage support 

to an existing rural distribution network. 

3. In seekillg project financing for a proposed scheme, the Exeruting Ageocy shall furnish 

to the Project Financing Agency a Mini-Feasibility StuO,. and Preliminary Design Report on each 

scheme containing the information requirements according to the format gjven in the Schedule 

attached hereto. 

B. Economic Selection Criteria 

4. The Economic Internal Rate of Return {EIRR) of the proposed scheme shall be that 

discount rate which e:tuates the present value of the scheme's elCJ)ected benefits stream to its 

expected cost stream. 

--j 
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5. A mini hydro scheme shall qualify for project firwand,. In cases where the estimated 

EIRR of the proposed scheme Is seater than or stual to_ per cent. A namtive account d 

the urquantlfied sodo-econornlc benefits and costs d sch scheme shall be 1.-.~orporated In 

the Mlni-Feulblllty Study and Prelmlnary Desl1n Report for •d1 schane referred to In 

paraaraph 3. 

6. In anes where the estimated EIRR of the proposed scheme Is less than __ per cent, 

the scheme shaD not qualfy for project ftnandna-

c. Quantification of Benefits a1id Costs 

7. The mini hydro schemes for each staae d development will aenerally fall within one d 

the three following categories: 

I. those which will be connected to the IJfd immeciately on commissioning; 

II. those which are isolated from the grid initial.,. and will replace existing diesel 

&enera:ion; and 

111. those which wlll Serve isolated communities nd lkely to have supply from 

other s'lUroes in the near future. 

8. The justification for implementing schemes in the ftrst cateaorv will be based on the 

demonstrated ability d the scheme to provide energy at a lower cost than the lonrru n 

marginal cost d alternative supply from the grid. For the second category d schemes, the 

jutlfk:ation will be based on the demonstrated ability d the scheme to provide enerav at a 

lower cost than the Iona-run marginal cost d alternatlYe supply from desel l!neratlon. For 

the third catesorv d schemes, the ju stlflcatlon will be based on the ability d the scheme to 

provide enerav at a low~ cost than the Iona-run ma'llrwal cost d supply from alternative 

kerosene lafT1)s used In the KafT1)un.. The vakJatlon d costs and benefits for the three 

cateaories d schemes referred to In parasraph 7 ls elaborated In pa,..,aphs 9 to 12 below. 

'i, The mini hydro scheme cost strum shaU comprise the sum d the capital cost d the 

mini hydro scheme plus lnterconnect1n1 transmission 1Vstem (If NQUlred). 

• 
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10. For Category I schemes, the mini hydro scheme's benefits stream shall comprise: (a} a 

fuel cost savings crecit determined on the basis c:J the proposed schemes energy output, the 

current delivered price c:J Bur*er-C oil .Y and specific fuel consumption c:J cil-fired thermal 

power plant present connected to the grid, (b} a capacity cost credit determined on the basis 

c:J the dependable capacity c:J the scheme. the ament cost c:J alternative grid-thermal power 

plant and supporting lfid transmission ine, and the dfference in economic ife between 

grid-thermal and mini hydro plant; and (c} an operation and maintenance cost savings credit 

determined on the basis c:J the difference between the operation and maintenance costs c:J 

grid-thermal and mini hydro plant. 

11. For Category II schemes, the mini hydro scheme benefits stream shall comprise: (a} a 

fuel cost savings crecit determined on the basis c:J the proposed scheme energy output, the 

current price c:J ciesel oil .Y delivered to the existing desel station located in the Kampung and 

the specific fuel consumption c:J the desei power station; (b} a rapacity cost credit determined 

on the basis c:J the dependable capacity c:J the scheme, the rurrent cost d alternative diesel 

plant, and the difference in economic ife between <iesel and 111ini hydro plant; and (c} an 

operation and mainteoonce cost savings credit determined on the basis cl the dfference in 

cost between the operation and maintenance costs of diesel and the mini hydro plant. 

12. For Category Ill schemes, the mini hydro scheme benefits stream shall co111>rise: (a} a 

fuel cost savings credit determined on the basis cl the amoo nt cl kerosene .Y badced-out d 

the Kampung, and (b} an operation and maintenance cost savings credit determined on the 

basis d the difference in cost between the operation and maintenance costs c:J kerosene 

lamps presently used in the Kampung and the mini hydro plant. 

D. Determination of EIRR for Stased-Schernes 

13. Recognizing that: 

(a} the quality c:J hydrological information currently il\<ailable in respect d streams 

proposed for mini-hydro deo.ielopment is presently limited; and 

.!! In calculating the benefit of the fuel cost savings, the cost d fuel shall not be escalated in real 

terms vis-a-vis other costs in the cofTllari~on. The prices for Bu nker-C oi~ diese C\nd 

kerosene to be used shall be the relevant world prices. 

l 
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(b} in some cases, it may be necessary for the Executing Agency: 

(i) to estirr.ate in advance the flow ci.iration OJNe for the stream on the 

basis of the hydrological information amently available and the size, 

geology and ~tion cover c:J the catchment; and 

(i) to develop the mini hydro scheme in stages Y as additional 

hydrological information is collected from a weir-calibration c:J the 

scheme in its first-stage development; 

the Executing Agency shall determine the EIRR of a stage;d-sd1eme on the basis 

of the estimated quantifiable benefits and costs cl the scheme in its first-stage 

development. 

14. In practice, the staged-scheme's ultimate capacity and optimal design flow will be 

determined only after adEquate hydrolo~cal information is available on the stream proposed 

for development. 

y Under the proposed Project, only the first stage of development of selected schemes is to be 

considered for project financing. 
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SCtEllli TO SB.ECTION CRITERIA FOR MINI HYDRO SCHEMES 

River 

State 

District 

Catchment Area 

Average flow 

1 in 100 year flood flow 

Average gross head 

Design flo"N 

Dam: 

Maximum height 

Crest length 

Type 

Low Pressure Pipeline: 

Alignment 

Length 

Diameter 

Type 

Hc.adtank: 

Area 

Height 

Type 

PROIECT DAT A 

Map Sheet 

Co-ordinates 

Intake 

Powerhouse 



RiYer 

State 

District 

Item 

Civil 

E&M 

General 

Site Establishment 

Weir and Intake 

Low Pressure Pipeine• 

Hes<tank 

Penstoa 

Powerhouse 

fquipment installation 

Turbine, aenerator and 
control equipment 

Transformer and rriscel
hneous equipment 

Transmission to nearest 
Ka "1l u 111 or grid 

Engineering and supervision 

Conting!nc.y 

Interest during construction 

TOTAL 
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CAPITAL COST SUIMARY 

Component Cost 

Foreign Local Total Cost 

•This Item includes that part d the access road alons the pipeUne mounting to: 



Flow 

m3;sec 
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FLOW DURA TIOf CURVE 

Ri~r. 

Catchment Size: km2 

0 Time Flow is Equalled or Exceeded 100 



Penstock: 

Length 

Diameter 

Type 

Turbine: 

Power: 

Net head 

Flow 

Type 

Installed 

Maximum 

Average 

P95 

Capacity factor 

Energy at 100% load factor (delivered) 

Transmission to nearest Kampu ng or grid 

Access: 

To powerhouse 

Elevation d powerhouse 

Capital Cost 

Installed capacity 

Unit Cost 
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Internal rate ot return (after design and costing) 

A_ nnual cost 

Averaee cost c:J energy delivered 



Year 

Cost 

Stream 

(A) 
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CALCll.A TK»I SHEET FOR SCHEME'S IRR 

Fuel Cost 

Savings 

Credit 

(B) 

(MS thousands) 

Capacity 

Cost 

Credit 

(C) 

IRR = 

Differential 

0 &M Cost 

Cre<it 

(0) 

Net 

Benefits 

Stream 

{B+C+D-A) 

• 

Remarits 
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ANNEXE 

REPORTS ON SITE VISITS 

VISIT TO THE ULU DONG MINI HYDRO STATION AT RAUB 

ZENDRA PERMANA ZEN: (INDONESIA) 

Ulu Dong Mini Hydro Project is located at the upstream of Sungai Dong about 32 km from Raub in the 

state of Pahan& Malaysia. Kampong Dong is about 16 km from Raub on the w~ to Kuala Upls and 

Ulu Dong is about 16 km to the east of Kampong Dong. 

Potential Power and Demand 

The rate of flow th~ had been taken is 1.133 ml;s at 54% of flow time and the head i'i 57 m. The 

expected power is 550 KW. 

General Description of Civil Works 

The works consist of the intake structure, pipeline, power station ar.d tailrace. 

Intake Structure 

Intake structure consists of a weir and settling basin. A sluice v;ite is provided along the weir for 

the purpose of scouring sand and silt. At the settling basin, stop-log barricade is provided which 

acts as a screen. At the end of the settling basin there is the intace chamber wich consists of screen 

and stacked - log weir. This i11take chamber is an anti-wrtex structure. 

Pipeline (mild steel) 

It consists of low pres sure and high pres sure pipeline. A surge tali< is situated where the two pipes 

meet. 
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Power Station 

Power station is being anchored ~o the boulders and it has been back - filled with earth right up to 

the floor level. The size of power station is 10 m x 8.2 m. 

E'r":-romechanical Equipment 

The major electromechanical equipment consists of: 

1} Horizontally mounted Francis Turbine of 550 KW capacity. Rated speed - 1000 RPM. 

2) Governor - govern electrically and mechanically. 

3) Synchronous Generator, 625 kVA, 1000 RPM - Capacity: 500 KW, 415 volt, 3 phase - 0.85 p.f. 

4) Automatic control cabinet and power control for cabinet. 

5) Isolator Breaker (ON/OFF) 

One unit step-up transfonner 0.415/11 KV is installed outside thP. power station. 

Transmission and Distribution 

The ~nerator output voltage is 415 V and is stepped up to 11 kV by the 625 kVA step-up 

transfonner provided outside the power station. Aerial cable (35 mm2) is used in the jungle and 

remote area to the nearest village from where underground cablf: is then used to the existing 

substation 11 kV in Kampung Dong. 11 kV substation in Kampung Dong is fed from the national grid 

supply. The supply from the machine is synchronised to the 11 kV grid network system coming from 

Raub main intake. 

From Kampung Dong to the mini hydro power station, there are about 6 villages with about 700 

consumers. Along these villages, five nos. of pole - mounted step down distribution transformer 11 

kV /0.415 kV are installed for domestic and small industries. 

Costing (in Malaysian Ringgit) 

a) Capital cost (indude civil work and electro-mechanical equipment) - MS 1,700,000'" 

b) Transmission cost - S 1,100,000 

c) Distribution cost - S 1,100,CXX> 

Total cost M S 3, C:00,000 

•uss1.oo = Ms2.3o 
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VISIT TO THE MINI HYDRO POWER STATI~ AT SG. KONGKOI 

DAVID L.B. KAMARA: (SIERRA LEONE) AND HARTOYO NOTODIPURO (INDONESIA) 

TECHNICAL DATA: See leaflets. 

COMMENTS FROM THE VI SIT: 

The site is an ideal example of a mini hydro installation for pilot demonstration. It is in a 

remote location and the site exhibits ideal characteristics for development at low cost. Howe\er, a 

few technical criticisms are evident: 

1) According to infonnation obtained at the site, the peac load of the plant is about 20 

KW anci occurs at night. This is far below the installed capacity of 75 KW and the 

system is therefore highly underus.?d. It might have been cheaper to install a smaller 

plant say 40 KW with provision for a second plant at a later date. This would ha\e a 

marked effect on transportation costs which we learnt was a high proportion of the 

total system costs. However, past experience in rural eled:rificatioo in Malaysia has 

proved a very high growth and this more than anything else influenred the installation 

of the 75 KW plant. 

2) The location of the Power station relativ · 'o the river bed, gives cause for concern 

during flood periods. 

3) For safety reasons, it is ~u~sted to provide protective shielding and railing around tbe 

governor belt. 
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VISIT TO THE ROBINSON FALLS WATER FOWER PLANT 

A. VINJAR: (NORWAY) AND ZHU XIAOZHANG: (PEOPLE'S REPUBLIC OF CHINA) 

Characteristics of the Plant 

Turbines: 

Pelton type 

RPM 

Governor 

Generators: 

345/324 KW 

1000 

Mechanical type 

~nchronous Type; Three phase; 375 kVA;415 Volts; 50 Hz 

Year : 1958 

Transformer: 

375 kVA;400/11000 Volts 

Waterways: 

NCJ forebay 

Penstoc:X: Steel 

Plant outlet to pond, which is also suppliec.l through tunnel from Telom intakes ann sewes as intilke 

to the Habu power plant. 
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General 

The plant was commissioned in 1959, as 1.he first of several plants in the same water course. Initially 

this station was on isolated operation and was later integrated with the Batang Padang mapr hvdro 

electric scheme of the Cameron Highlands. It utmses a fall stretch of 232 m of a tributary to the main 

river and consists of three identical ~nerating sets. The plant is of conventional design. The power 

house was designed to provide good ~ntilation, a point which should be observed even with small 

scale IY;dro power stations in tropical and sub-tropical regions. The use of small chloride batteries 

for auxiliaries was noticed. It was nc.:iced tha the station was in IJ>Od condition after having been 

in operation for 24 v-~ars. 

The flow di~rted to Lhe JX>Wer station is only a part of the total available flow in order to retain 

wa~er in the waterfall for touristic reason. 

VISIT TO THE HABU WATER POWER PLANT 

A. VINJAR: (NORWAY) AND ZHU XIAOZHANG: (PEOPLE'S REPUBLIC OF CHINA) 

Characteristics of the Plant 

Turbines. 

Francis horizontal 

3044 KW, 91 m head 

RPM : 500 

Governor Hydraulic type 

~enerators; 

Svnchronous type, Three phase: 3055 kVA, 11000 + 5% Voi.:;; 50 Hz 
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General 

The plant consists of two identical ~nerating sets. This plant has ~en in operation for rineteen 

years, and is of regular design. It is connected to the main grid. 

The station is subject to silting problems which is tacen care of once a month (twice a month during 

the rainy· season) by a de-silting device at the intake pond at the tailrace of the Robinson Falls power 

plant. 

VISIT TO THE MINI HYDRO SCHEME AT SG. GIBUL 

CHARTDANAI CHARTPOLRAK: (THAILAND) AND!.:_ M. INDACOCHEA (OLAllE) 

Location and Site Condition 

The project is located about 18 km from Kuala Kangsar, Perak. ft.cress to the site is on an all 

weather road except for the last 3 km which is a logging track. The catchment area is about 8 sq. 

kms. The design flow which was taken from~% of annual ri~r flow is ahout O. tn m3/sec and the 

total head is approxiniately 140 m. 

Civil Works 

A concrete weir of buttress type about 1.5 min height and 10 min length was constructed 

a:ross the stream. The intake was arranged on the crest of the weir such that the water will flow 

over the crest into the :nt~e. At the middle span of the weir, a sluice gate for de-silting the forebay 

was installed. A low pressure pipe made of fabric.ated steel of 610 mm diameter connects the intake 

to the settling basin, and then an asbestos-cement pipe connects the settling basin with the surge 

tank. The penstock from the surw tank to the power house which is m;irlP of fabricated steel of 381 

mm diameter is placed on rock with steel structure supports <t so.ne !orations. The pipeline route is 

~'V steep due to the high head and rocky environl11('nt. Ali the wori< was executed by the 

contractor. 
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Ge~rating Equipment 

A Pelton turbine of 750 rpm coupled with a generator of 113 KW was installed in the power 

house. The governor used is of hydraulic type. The project is envisaged to be connected to the grid 

by an 11 kV line. However, at the time of the site visit, the power line had not been completed. 

Cost of The Construction 

The total cost of the project is MS652,857 of which SS~OOO is for the civil wortc. The cost 

per kilowatt installed is computed at MSS,m (USS1.00 = MS2.30). 

VISIT TO THE MINI HYDRO POWER STATION AT SUNGAI CHEMPIAS 

J. KALOLO CHANDA: (ZAMBIA) AND ~1ARKUS EISENRING: (SWITZERLAND) 

This power station, sti:i under construction, is one of the 22 pilot schemes of NER's Mini 

Hydro Department, and is located in the Bt. Larut area, state of Perak. It is located about 14 krr from 

Kuala r<angsar, the last .3 km accessible only by Land Rover on a former logging track. 

Brief Background Information on The Project 

The first survey in 1900 was based on topographic considerations. It was followed by a desk 

study, which considered aspects like hydrology, flood flow and design flow among others. 

Construction started in July 1982. 

Specification of The Project 

The construction consisted of int~e, s~ructure, de-silting hasin, low pressure pipe, surxe tar*, 

pressure pipe, power house and electro mechanic equipment. The penstock was made out of welded 

pipe sections, whrh are flanged to~tl.er. Anchor blocks are filed at each bend of the penstod< and 

in between each anchor block there is an expansion joint. At the end of the pressure pipe there will 

be a butterfly valve. 
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The electro-mechanical equipment is still at the port awaiting delivery to the site. The 

proposed crossflow turbine will ~nerate 133 KW under a net head of 59.74 m and a dischar-ae of 283 

litres/s. The een~rator is rated for 150 kVA. The turbine will be regulated by hydraulic governor. 

Cost 

The estimated cost of the project, is ~$1,044,264 excluding the cost of transmission and 

distribution works. Out of this total, 68.1% has been for civil works, 15.2% for electro mechanical 

works and 16.7% for overhead cost. A detailed cost breakdown, as well as a revised cost estimate 

was not available at site. 

Progres~ of Construction 

The dam had not yet been completed. Just a part of the foundation is completed. A part of 

the low pressure pipe is about to be completed, whereas the de-silting basin, surge tank and pressure 

pipe are completed. The power house building was completed and the concreting of the machinery 

basement is ready for the installation of the electro mechanical equipment. The power station will be 

connected to the f"id. The civil works are expected to be completed after two months and the 

whole station should be completed after three months, dependin~ on the progress on the civil works 

and the erection of the electro mechanical equpment. 

Difficulties During Construction 

The implementation is five months behind the original schedule. The main delaying factor at 

the time of the visit was the heavy rain in the area, which had weatly slowed down the civil works. 

NEB was also finding difficulties in replacing the existing 6.6 KV transmission line with 11 KV, but this 

would be easily overcome. There was a shorta!J! of poles and the contractor had not delivered any 

poles on site. It was reported that this was likely due to pressure of work on the part of the 

contractor to fulfill similar contracted obligations to other SHP projects. 

The civil contractor had extreme difficulties in transporting the pipes to the construction site and 

handling of the pipes, which was being done by cables. The civil contractor started concreting the 

intake on Friday, 11 March 1983. There were difficulties in erection of a coffer-dam until plastic was 

used to avoid water from reaching the concrete wori< at the intake. 

• 
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Remarks 

In the original design the position of the power station was about 15 m more towards the hillside. 

But when the excavation was started, it was found that the ground at the original site was not IJ)od, 

so the position was changed to the existing place. The power house is now built on big boulders, 

which might be a bit risky, considering a 10 or 20- years flood. 

The design of the dam makes good use of la'»! boulders. 

lnspite of difficult construction more power could ha\le been developed by increasing the head 

upstream, as the intae area is just below a kind of a waterfall with a steep gradiert. 

The anchor blocks and the power house seem to be unnecessarily larlJ!. 
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EXPLANATORY NOTES ON THE MINI HYDRO PROJECTS ~DER C(llfSTl1lJCTl(llf 

MINI HYDRO FOR SG. KONGKOI JELEBU N.S. 

1.0 Location and Access to Site 

The general location of Sg. Kongkoi Mini Hydro is situated in the district of Jelebu in Negeri 

Sembilan. The nearest Vilage is Kg. Chennah which is around 20 miles from Kuala Kelawang 

(Jelebu). 

2.0 Catchment Area 

The catchment area of this scheme is estimated around 22.9 sq. miles. 

The intake site is built on so~d rock foundation. 

3.0 Potential Power and Demand 

The design flow of the river is about 17 ft. 3/sec. with a gross head of 76 ft. and outp~ 

power of generator is 75 kW. 

The electricity generated is supplied to Kg. Chennal and Kampung Puom with a tota of 

approximately 180 cons uniers. 

4.0 General Description of Civil Works 

The works consists of the int~e struct ll'e, pipeline, power !itation and tailrace. 

4 .1 Intake Structures 

This consist of weir and setding basin. The weir is made of reinforced concrete structll'e and 

at the overflow section it is made up of 6° x 6° hardwood timber abo~ 10'0" long and the 

height is 7'0" for overflow and flush out water. The setding basin is a reinforced concr-?te 

struct ll'e provided with two mid steel screens at the front portion and at the inlet pipe. 
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4 .2 Pipeline 

The pipeline is to convey water from the intake (settling basin) to the t11bine in the power 

station. The pipe is of m~d steel with 30• diameter and total length is about 320 ft. (65 ft. low 

pr-:?ssl6e; 255 ft. with pressl6e). 

4.3 Power Station And Tail Race 

This houses the t11bine, generator and control panel. It is a reinforced concrete frame 

structl6e with asbestos cement sheets for its roofing. The wall is made up of corruaated zinc 

sheets and folcing door of 12' o• x 12• O'. 

The tailrace is where the used water from the tl6bine flows back into the ri\er. 

5.0 Electromechanical Equipment 

The electromechanical eq Lipment consists of T U!'bine including flywheel and two journal 

bearing, Generator set, semi auto Go\ernor and Control panel. All the eql.ipment was 

supplied by FUJIAN NANPINK ELECTRIC MACHINERY WORKS CHINA. 

5.1 Turbint 

Main parameters of the turbine. 

Design head 76 ft. 

Design flow 17 cusec. 

Capacity 87 KW 

Rated speed 600 rpm. 

RL11away speed: 897 rpm. 

Description of the t11bine type : 

Type: HL-11<>-WJ-50 

HL-Francis T11bine 

11<>-Specific Speed 

W-Horizontal Shaft 

)-Metal Spiral Casing 

S<>-R 111 ner diameter. 
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S.2 Generator 

The AC generator is a 3-phase, horizontal type and is connected directly to the t11bine with a 

shaft couping: 

Parameters of the generator 

Capacity 

Speed 

Voltage 

Power Factor 

S .3 Semi-Auto Go~rnor 

75 KW 

6(X) rpm. 

415 volt 

0.8 (lagging) 

Governor is basically a speed control device fc r the h(droelectric mo~r. 

Basic parameters of go\'ernor; 

operating capacity 75 kg.m. 

Installed position of the spet:d go\'erning shaft; 

Horizontal 

Max. turning angle 

Rated speed of the oil pump 

Discharge of the oil pump 

Max. oil pressure 

Rated speed of the pendulum 

Servomotor stroke 

Permanent Speed deviation Factor 

Closing time 

S .4 Control Panel 

35o 2rJ 

750 rpm. 

0.4 1/s 

18 kgtcm2 

910 rpm. 

100 mm. 

0 to 6% 

2 to 4 sec. 

Low voltage aenerator control panel is applicable to three phase, four wire system, 415/240 V, 

rated capacity of approximately 100 KW. The output voltaae at various load changes is kept 

constant by the automatic voltage reguator. This control panel is equpped with prottttion 

relay a~inst mer load and short circuting. 
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6.0 Transmission And Distnbution 

The g!nerator tenninal wit¥ is 415V and is stepped-up to 11 kV by means of a 100kVA pole 

mounted step-up transformer. Transmission to Kg. Channah and Kg. Puom is by an 

underground 11 kV cable which is approximately 2 km and 4 km in length respecti\ely from the 

main step-up transfonner. There is 3 50 kVA pole mounted step down distribution 

transformer 11kV/415V situated at each of the two villages me~ioned abo"Ve. (Refer dagram 

attached). 

7.0 Consumers 

An estimated 183 consumers will benefit from the scheme. 

8. Costing 

Total cost for civil work S341,231.92 

Total cost for Electromechanical 

equipment S IB,276.00 

Transportation of equipment 

from K.L. to Sg. Kongkoi & 

lower dm;n to P. Station 

lnstal, alignment and 

commissioning 

Miscellaneous 

(Prices are in Malay)jan Ringgit) 

s 22,000.00 

s 3,500.00 

S 10,<XX>.OO 

TOT Al: S460,007.92 
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LOCATION PLAN OF 

MINI HYDRO SG. KONGKOI SCHEME 
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~. CBlll.. MINI HYDlO SCHBIE 

lntroduclion 

Sg. Gebul mini hvdro project is one of the pilot projects carried out by NEB with the potential 

of 120 KW. The objectM! of the project was originally to supply electricity to Kg. Gebul and Kg. 

Jeliarw. 

Potential number d :onsumers is estimated about 60 for Kg. Gebul and 245 for ~g. lelia... Since 

the elearicity has been suppled before the completion of the project to the proposed areas, the 

aenerated power d the proiect is to be connected to the lfid system. 

Location and :ite Concition 

The project is located about 18 km from Kuala Kangsar, Perak. The clstance from the project 

site to the main road is about 3 km. The access road was originally used as loajng track. The 

catchment area of the project is about 3.07 sq. miles of tropical jungle. logng acti,,;iies was stHI 

going on during the projeCt implemerution, but t 1e silting of the ri\er .,. .. ,s not critical. The 

potential head is about 140 me.er and the design flow of the project taken frc...11 CJ>% of the annual 

ri\er flow is about 4 cusecs (0.113 ml/sec). 

The pipeline route is wry steep especially for the penstock due to the high head a11d the rocky 

environment. A location plan is attached herewith for reference. 

Civil Work Construction 

The dvll work construction was awarded to one of the local contractors namely Syarikat 

Je&ang Java of Kuala Kangsar. The tender was awarded on 26th. September, 198> under the contrad 

of LLN 197~. Under the oriainal contract, the project was supposed to be completed by 31st. 

March, 1982, but due to late starting of the project and some difficulties during construction woit<s, 

the contrKt was ectended to 30th. September, 198'2. The main problem and clfflculty faced bv the 

contractor was bad weather. 

The total eott d the dvil wom which indudes the weir, pipeline and the power station 

buildin1 is expected to Nach approximately MSS00,000. 

Electromechanical 

The tn1ehine for the proiect was supplied by Jyoti Ltd. of India at the cost of USSS~470.00. 

The equlpmtnt indude the followln1:· 

• 



- 91 -

1. Pelton Wheel Turbine c/w accessories. 

2. Generator. 

3. Hydromechanical oil go\t!f'nor. 

4. Butterfly Valve. 

5. Control Cubicle. 

6. Spare parts and tools. 

The installation woik of the g!nerating set began in early August 1982 by an engineer from the 

suppler with the assistance of electromechanical woup of Mini Hydro Department. The installation 

woii< took about three weeks. 

The type and specification of the machine are as follows: 

Turbine 

Type 

Speed 

Runawav speed 

Deflectr'r closing time 

Go2 value 

Generator 

Power 

Speed 

Overs peed 

Voltall! 

Frequenc.y 

Power Factor 

I rts ulatio n 

Gcwemor 

Type 

Pendulum pulley speed 

Pelton Wheel {horizontal) 

750 rpm 

1350 rpm 

2.5 sec. 

280 kgm2 

113 KW 

750 rpm 

175 % of noimal speed 

415 v 
50 HZ 

0.8 

Class F 

Hydro mecharical oil s>vernor 

750 rpm 

-, 

l 

I 

• 
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Droop setting 

Pump pulle>,- speed 

Oil Pressure 

Stroke of Servomotor 

Bore 

Butterfly Valve 

Type 

Bore 

Stroke 

Working fluid 

(}-4;t 

400 rpm 

8kgtcm2 

120mm 

130mm 

- 92 -

::!)() RFVJ IT 619 

l50mm 

165 MM 

water 

The machine component also include a control cubicle. The cuhicle houses the ACB with 

O\lercurrent and undervoltage protection. There is also the earth fault relay and reverse power relav 

to ensure the safety operation of the set. A separate svstem th,. checks and sense 

belt hreak 

ii low oil pres sure 

iii - overs peed 

is connected to a solenad valve th,. doses the butterfly valve. 

Cost of Electromechanical 

a) cost of generating set : US 556,470 

b) supervision cost for installation al"ld commissioning US 58,643.55 

c) cost for local transportation to site and unloading cost 

d) expected cost for commissioning plus return air tidcet US S3,ffl4 

Total E~ cost 

Transmssion and Distribution 

8 MR S124,234.00 

i MR S 19,016.00 

8 MR 5 2,IE0.00 

@ MR~ 6l/J7.00 

MR 515;851.00 

At the moment, the transmission work is still being carried out. Wooden poles have already 

been planted and 'saxka' cable 11 KV cable will be erected soon. The output of the pr:>ject will be 

injected into the ec:isting ivid system. 



N 

JL 

11 
PROJECT AREA l 

2311 
G.Ba!u jd 

HUTA.~ S~?t..'\ BUSU 

/ \ 

"' 

I 

- 93 -

LOCATION PLAN 
SCALE: ONE INCH TO A MILE 
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SC. CHEMPIAS 

Introduction 

The Sg. Cllempias Mini Hy«ro Project ls one of the twe~ two pilot schemes to be Implemented in 

Peninsular Malaysia. It is located in the district of Kuala Kangsar, Perak. 

The power that will be aenerated bv the Sg. Chempias hvdro st•ion will be transmitted not only to 

the nearby villal!S but also will be Injected to the grid. 

Location and Access 

The scheme is located in the H~an Simpanan, Bt. larut area. Kg Paya Llntah which Is the ne•est 

\'lllaae Is 2 1/2 m!les away. The distance from this Yillal! to Kuala Kangsar town Is about 7 miles. A 

location map is shown below:-

•Sf WRAY 
Jl4S 

\ 
\ 

Project Area 

LOCATION PLAN 
SCALE t TO A MILE 

N 

JL 

11 Kg Baharu 
Limon Kah 
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Catchment and Geology 

The catchment area of this scheme is an estimated 6 sq. miles. 

The intake and power station site are mainly on rock outcrop of pnitic nature with scattered surfa:e 

loose boulders. 

General Description of Civil Works 

The works consist of the construction of :-

(1) Intake Structures 

(2) The forebav 

(3) The power station and tailrace 

(4) Anchor blocks 

(5) Excavation for the ~peline route 

Cost 

An estimated MS1,044,264 is allocated to this pro;ect. A breadown of the cost 15 shown below:-

Civil works 

Electromecharic.al works 

Overheacis (20%) 

Total cost 

. . s 711,L'O 

159,000 

s 174,044 

51,044,264 

This total does not indude the cost of transmission and dstnbution works. 

Award of Contract 

The civil wortc.s contract was awarded to Lien Fatt Construction Co. for a tendered price of 

MS461Tn.60. 

The contract to supply the 9ectromecharical equipments was &™en to Mitsui 1. Co. Ltd. of Japan. 

The c :tuipment, howe\er, is manufactured by Nltki Corl)(>rdtion of Japan. For 1 total of MS1Cll,-460/

Mltsul Co. Ltd. will supptv, trans~lt and supervise t~ installat.lon cl the machine. 
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Electromechanical Equiornent 

1. 

2. 

Gross head 

Net head 

3. (a) Max outp ... nqured from 

4. 

5. 

6. 

~nerator 

(b) Fnq~ncy 

(c) Po111t-er factor for ~nerator 

(d) Voltage 

Firm Flow Available 

(a) Length of pressure penstock 

(b) lnterri·d diameter of JYessure 

Dt'nstock 

Clil'Tl<: ~ 

7. Water 

8. 

9. 

(a) 

(bi 

(c) 

Silt c-'Jrrying 

Temperatu-e 

Manufact lier 

Turbine 

Capacity at shaft 

Type 

Horizontal/Verti:al 

Turbine speed 

Specific speed 

Runaway speed 

T urbine/Cenerator 

Mechanical coupling 

Guide mechanism 

Max. Water Flow 

Runner diameter 

Width of impeller 

Metals of R L11ner 

Net positive s t£tion head 

200 ft. (60.96m) 

196 ft. (59.74m) 

120 KW 

50 Hz 

O.f> 

415 

10 cusec 

100J ft. 

24 in. 

Tropi:al 

Yes 

No 

25°c 

Nikki Corporation, Japan 

133 KW 

Cross Flow 

Horizontal 

100J r.p.m. 

69 meter - KW 

2100 r.p.m. 

Rigid coupling 

Hydraulic operation 

0.283m3 /Sec. 

0.3m. 

0.135m. 

SS 41 (Rolled 'iteel for General Strix:tlle) 

3fTI. 



-----
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10. Inlet VaM! 

Type Butterfly valve 

Operating mechanism Manual opening and o.c. solenoid trip 

Material HS Fas (Grav Iron Casting) 

Internal ciameter ).3m. 

11. Speed Regulation 

(a) Go\lel'llor 

OH pressl.l'e system Consist of oi ta"lk and motor driven PllnP• 

(b) Speed rise dLring swinging :;); 

(c) Speed fall d11ing swinging 3% 

Go\lel'llor and closing time 3 sec. 

Momentary speed rise SO% 

FlyY•heel effect 120 kg. M2 

12. Generator 

Type Svnchronous generator 

Rating 150 KVA 

Voltage 415 v 
Frtqtency 50 Hz. 

Power Factor 0.8 

No. of poles 6 

Synchronising speed 1<XX> 

Excitation system Ser;arate ei:dtation (Brushless) 

Class of ins wtion Cla~s F 

O~rspeed 200% 



- 99 -

ANNEX F 

TENTATIVE SCHEDJLE Of JOINT ACTIVITIES TO BE CARRIO> OUT DUUNG lm-'ft!M LEADING TO 

n. EST ABl.ISIWfNT Of RN-SHP 

Activity Lead Agency!Orpnisation Tentative Date 

1. The RegionarSecretariat staff to HRC J Uv/At« 1983 

visit national focal points 

2. Pubish Network Newsletter HRC in COO;>~ration with UNIOO J"v 1983 

3. First Training-Workshop on HRC/UNIOO/E5CAP/REOP Mav/J l61e 1438.1 

Small Hydro Power 

4. Compilation of infonnation on HRC/UN 100/RCTT /ESCAP /REDP April-)t61e 1983 

ongoing MHG related research, 

induding facilities, researchers, 

etc. throt«h national focal points 

s. Research and Development Activities 

in close co-operation with national 

focal points: 

a) application of electronic load HRC March 1983 

controller in SHP station 

b) estab&shment of trial station HRC March 198J 

for Telemechanization in Riv.Jet 

Casrade 

c) optim ~ development and HRC March 1983 

<ispatching design for Riv.Jet 

Cascade 
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Activity Lead Agency!Organisation T entatM Date 

d) research on use of indigenous HRC in cooperation with Apri 1983 

materials with regard to national focal points 

penstock, poles and cement 

s lbstitute 

6. Plblsh MHG Bibiography HRC/UNIDO J t'v 1963 

7. P lb is h MHG Expert Roster HRCJESCAP October 1983 

8. Short Tenn ConsUtancy ESCAP/DTCD J ~/Dec. 1983 

Servi:e on SHP Development 

9. Plbish Directory of HRC/UNIDO/OLADE Jt'v 1983 

SHP Eqlipment ManufactU"ers 
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ANNEX G 

ESCAP(REOP)/U~HOO/OTCD/RCTT/GOVERNMENT OF P.R. CHINA 

First Training-Workshop on Mini-Small Hydro Power (SHP) 

23 May - 24June1983, Hangzhou, P.R. China 

DRAFT AIOE-MEMOIRE 

A. Bac'~ground Information 

Most of the de\ieloping countries have rich and hitherto often not fully exploited hydrol<>Wcal 

resources in terms ci scattered streams, riwlets, waterfalls, etc. It is felt that these resources could 

be profitably exploited through the establishment of Mini-Small Hydro Electric Generation Capacities. 

In recognition d the important role which Mini-Small Hydro Power arn play in the oYerall industrial 

development d the developing countries in ~neral, dnd as an energy input for the remote and 

isolated areas in partirular, UNIDO or~nized three important Workshops, namely "The First E>epert 

Group Workshop on Mini Hydro Power Generation (MHG)" in September 1979, Kathrmndu, Nepal, 

tcgether with ESCAP-RCTT. A Second Workshop, combined with a Stu6,- Tour was held in 

October/Nove;nber 1900, Hang:!:hou and Manila. The Third Workshop of Senior Experts on Small 

Hydro Power Development was held in March 198.3, Kuala Lumpur, Malaysia. 

A Senior E>epert Group MMing on the Creation of a Regional Network and the Assessment ci Priority 

Needs on Research, Development and Training in the field of Mini-Small Hydro Power Generation was 

held in July 1982, in Hitngzhou, P.R. China. 

"" these meetings ur~d the need of a Regional Network to strengthen and support the acti•Jities d 

Mini-Small Hydro Power establishment in the developing countries, purtiru lar~ in the ESC AP region. 

The People's Republic of China has volunteered to set up a Regional Cf'ntre for Small Hydro Power 

(HRC) as an extension ci their National Centre. In view ci China havi"R constructed a wry lar~ 

number ci Small Hydro Power Stations and a<Quired considerable know-how, the aeation of the 

Centre was welcomed by the member countries ci the ESCAP region. 
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The Hangzhou Meeting in July 1982 which was orlJlnized within the framework of the Regional Energy 

Developmel"t Programme {REDP) recommended, inter-alia, that an ESCAP Rt?IPonal Networic Systt: n for 

Small Hydro Power {RN-SHP) should be established, that the RN-SHP should be started in an Interim 

form for the period of two years and that the Regional Secretariat of the RN-SHP should be located 

at HRC. 

The Draft Work Progra:nme for both HRC and RN-SHP will consist of the following four major 

activities: 

Training 

Research and Development 

Information Servia:s 

Advisory Services 

Accordingly, it has been decided that the First Training Workshop on SHP stiould be oraanized under 

ESCAP's REDP by UNIDO in close co-operation with ESCAP, DTCD, RCTT and the Go¥ernment c:l the 

P.R. of China. 

B. Objectives 

Development Objertives 

The First Training Workshop is in~ended; 

(i) To strengthen and support the activities of Mini-Small Hydro Power Estabhhment in the 

participating countries. 

(ii) To promote the utilization of the domestic water power resources in the dewloping countries 

in an effeai-.e way. 

(iii) To develop small hydro power works to contribute in sol\iing their probler.is of the energy 

crisis. 

The immediate objecti-.es of the Training Workshop are as follows: 

(i) To understand and to ha-.e a preliminary command d the overall process of SHP pllnnlng. 

programming, construction, operation and maintenance and its methodologv d 

imp lernentation. 
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(ii) To exchan~ experiences on tN? methodology of national polky formulation. 

C. Orpnization of the Training Workshop 

The training workshop will take place at HRC, Hangzhou from 23 May 1983 a period of 5 weeks (24 

June 1983). 

About 30 middle-high level SHP ManalJ!fS from mainly the Asia l'eRion will be invited. The 

participants should have a University Degree with a basic knowledee of Hydro Power, as well as some 

practical experience. It is preferable that the participants should be directly responsible for 

Mini-S111all Hydro Power Programme Development and Implementation in their owr. country. 

The Tr:tining-Workshop will be for a period of about four weeks through lectures and discussions, 

and field visits to attual SHP sites as well as to Efluipment manufacturers for approximately one 

week. 

The courses will be presented not only by the Chinese but also others. 

The courses also will include case studies, group discussions and exercises based on real developing 

coo ntry issues. Each participant will be l"E!lUired to deliver indepth presentation of their own 

country's present situation r~rding Hydro Power resources and plans for future development. 

Because of the e:xtensive nature of the Training-Workshop, as well as limited accommodation, 

participants are discouraiJ!d from bringing spouses or other family members with them. 

The te'ltative programmed the Training-Workshop is as follows: 

I. Basic experiences of SHP Development in P.R. China. 

Definition of SHP. 

A historical review on the development d SHP in P.R. China. 

The policies related to development of SHP. 

Solving the problems of SHP Efluipment nanufacture ~nd supply. 

Overall ptanning and economic utilization of SHP resources. 

Adjusting and modifying to its local condtions, using local materials, ut;Hzing new 
techniques and cost reduction schemes in SHP construction. 

Significance d SHP in the dc.velopment d rural econon?(. 
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11. Composition cl rural energy and rural electricity consuf11>tion in P.R. China. 

Cof11>osition cl energy resources and its consumption structure in rural areas cl P.R. 
China. 

Fundamental situation of energy usages in rural areas d P.R. China. 

ProportiOI\ position and prospect of SHP in rural energy consuf11>tion. 

Present situation d electric power consuf11>tion and its development in rural areas cl 
P.R. China. 

Ill. Plan for rural power supply and cascade development d riwlet. 

Planning cl power supply in rural areas. 

Planning of rural grid. 

Penning of cascade development of a riwlet. 

IV. Exploitation survey and design work for SHP project and hydrology. 

Preliminary designing stage. 

Engineering drawing stage. 

Collection and analysis of the surveying materials. 

V. Power and energy capacity of the project and its justification. 

methodology and programme of the select:on of installed capacity to SHP station. 

Different methods for energy economic co"llarison. 

Analysis cJ economical benefits of the capital invested to SHP project. 

VI. Economic layouts and design for the civil structure of SHP projects. 

Type of exploitation of SHP ~neration. 

Engineering layout and COllllOSition of main structures. 

Selection of the types of main structures. 

Foundation treatment. 

A brief introduction on hoisting devices of ~tes. 

Measure for reducing the building cost of hydrologic structures. 
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VII. Manufacture and supply of SHP Electro-Mechanical Equipment. 

Series d electro-mechanical Equipment d SHP stations in P.R. China. 

Present situation of SHP Equipment manufacturers in P.R. China. 

lntroruction on the experienced development c:J SHP Equipment manufacturing 
abilities in a prefecture. 

Experiences in estab6shing a typical SHP Equipment factory. 

Engineering c:J some typical parts of SHP Equipment. 

Electro-mechanical Equipment supply c:J SHP station. 

VIII. SHP Electro-Mechanical design and layout in the Powerhouse 

Hydro-mechanical design. 

Electrical design. 

SHP simpified design and selection d co111>lete set c:J Equipment. 

layout c:J the station district and powerhouse. 

IX. Operation and Management d SHP and Small Grid. 

Pewliarity and tasks of operation and management of SHP station and smaU grid. 

Administrative system of SHP Generation in P.R. China and SHP corporations. 

The contents and regulations of relevant technical management. 

Financial management. 

Energy exchan(J! between SHP grid and Statf! grid. 

X. International Co-operation 

D. Participant Selection by UNIDO 

UNIDO will send an invitation letter to the member governments to nominate and submit at least 

three candidates from which the participants will be selected. 

The selected participant will be rEquested to submit to UNIDO a st.lteme~ related to the 

Training-Workshop, i.e. 
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Relationship between your work and the Training-Workshop. 

Expected outcome from the Training-Workshop. 

Describe brief.,. how you would like to make use of the Knowledge which you l!lilined 
through the Training-Workshop. 

Personal history fo:-m. 

In order to speed up the selection of the participants, the potentia; participants are requested to 

submit the above by 29 April 1963. 

E. lan@lage 

The Training-Workshop will be carried cut and course doruments prepared in the English Brl@lage 

only. The partiQ>ants should, therefore, have a good comrnrnd in reading writing speaking and 

hearing c:J English. 

F. Finance 

The org;anisers will provide participants: 

a) Round trip economy air transportation between the airpc.rt of departure in the participant's 

home country and Hangzhou. 

b) A subsistence allowance at the rurrent UN rate, i.e. 95 Yuan RMB per participant per day in 

Chinese currency. This amount covers board and lodging and incidentals (incidentals are only 

payable to participants upon arr'val in Hangzhou. 

G. Liabilities 

The participants will be required to bear the following costs: 

All expenses in the home cour1try incidental to travel abroad in!=luding expenditures for 

passport, visa, innOOJlations and other miscellaneou!t items, as well as internal travel to 

and from the airport of departure in the participant's home country. 

Organisers will not assume any responsibility for the following expenditures in connection with the 

partiQ>ant's attendance at the activity: 
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Conipensation for salary or related allowances for the parti~nts during the period of 
the meeting, 

Art( costs ina.irred with iespect to i!'lsurance,. medical bills and hosp;talization fees, 

Cor11>ensation in the eYent of death, disability or illness; 

Loss or damage to personal property c:J participants while attending the meeting; 

Purchase of personal property • 

H. For further information please refer to: 

Mr. W .H. Tanaka. Head 

Development and Transfer c:J Techn~ Branch 

UNIDO, Vienna International Centre 

P.O. Box 300~-1400 Vienna, Austria. 

Telex: 135 612 

Cable: UNIDO, Vienna 

Te~hone: Vienna 2631 

(ext. 3721/3722) 
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