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1»    Introduction 

Àt present,  ene-py nuppiy to  people in the rural area is Insufficient 

and comparatively  lew *hon compared   to that  in major cities   in Bangkok 

Metropolitan area-    Since «ne-gy iB   one of the vital  inputs  required for 

the developnmit  ii trie country,   it  in necessary that  it be provided in a 

suitable forr. at  t'i-   lowent  price and at the appropriate  location accordili« 

to priority in order  to accelerate  the development  in the rural area by 

means  of increase l.i productivity,  incomes and standard of living of the 

people.    Electricity i.B one of the preferable forms  of energy which could 

be used in various aBpectB such as mechanics  prime mover for water pumping, 

rice milling,  mechanic tools in workshop, small acale industries,   lighting 

for houEos,   food storage,  radio,  electric fans and as a source of power for 

communication equipments and many others.    Por this  purpose,  the government 

has established a programme  for rural electrification which is included in 

the Fourth National Economic and Social Development Plan (1977 - I98I).    It 

is anticipated that 90 - 95# of the whole population in Provincial 

Electricity Authority's area would have access to electricity with in the 

next  1 . yeare.    Tfce plan for t   pplying electrioi   t to rural areas will be 

carried out by amans 01  expanuiug transmission line from existing substation«, 

setting up the diesel generating plants and generating electricity from 

renewable sources,  for exrjnple, mini/micro hydro plants.    However, there 

are problem?  encountered in the development of this plan which could be 
described as  fellows: 

1.1 Hitfi investment .cost is  required for the expansion of 

transmission line to the scattered villages but the power consuarptian 

and the loan factor 0* the system are relatively low.    lhis is due to 

the fact that electricity will mostly be used for domestic purpose«. 

1.2 Although the investment i-oquirad for setting up the diesai 

generating pliant is relatively low but because of high, operating coat 

iacliwlinç fuel ard 0 + M, the cost of electric power production is rather 

nig*.    At tho project electric tariff rate, the supply of electricity fro« 
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diesel generating plants is facing a heavy loss. Moreover, there is also 

the problem of transportation of diesel fuel supply to remote rural areas 

where access are difficult or impossible in the rainy season. Storing of 

the  fuel  for use during this  season would  also be a problem. 

1.3    Generation of electricity  from hydro power is very desirable 

because hydro power is  indigenous,   renewable and it can be developed 

near the area where the load  is.    Moreover,   it could be used as a key 

component  in the development  of rural  community.    However,  in the past, 

only a small number of mini/micro hydro generating plants have been built 

as a result  of high development  cost when  compared to the major hydro 

generating plants or diesel plants.     The  power produced  from these big 

projects are used mainly in th.- municipality area of the towns  or districts, 

and some spot  along the transmission line   route only.    In order to develop 

mini/micro hydro power plant  more widely,   it is necessary to  find a solution 

which would  reduce the development   costs. 

Thus,  the goal for future development  of mini/micro hydro generating 

plants in Thailand will be as  follows: 

1.3.1 to substitute diesel generating plants in the remote 

rural area; 

1.3.2 to supply  electricity to small   power grid with or 

without connexion to the main grids; 

1.3.3 to supply electricity to districts,  subdistricts 

(tambon),  and villages. 

At  present,   power supply to  rural areas by means of diesel generating 
plants is about 90 MW. 

Due to  lack of standard classification of mini and micro hydro 

generating plants,  the interim classification is adopted in this report 
as  follows: 

(i)     0-100 Kw - micro hydro generating plant; 

(ii)     100 Kw - 5 MW - mini hydro generating plant. 
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2.1    Po>y !_• •. 
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r !        T 

• n.r.ì    ili 

bo   no   1er;.,   .'¡ir 

'. i or 

' f'\\    i 

-i  --_• --t....--ir   • - 

•    •        ''V\   • t 

ViW   ••   i" ;i-, / mi ~.ro 

»   MW. tnere would 

Troc,xí ; y. •'ii^-r. , rr - i ; 

have already been invont irate 

have   al jear .     .-'or,      \-rir      oui. 

" 'T   .  L  mini/ micro  hydro   p>-ojeoui  which 

•i   certain  extent.    Der.k  studies   for these 

ï.i.t-T-r.    -Aborts  are   :vailable. 

The detaHr   of e.-^h   .iroj-   >    ^   - ..,   -a^^ty arc fj ^n   in  Table No.   1. 

T"he   tota]   ap^ntj   for   1:,,,.    .;,    ;rxj _•„,,,:   1£,    >]..iMH. 

Cut  oi   thés r   are   i«.   PI.,,O. .B   .or   v.ioh   f«,^.lb];iÌ7 Btudi,„,  have been 

complet-;.    • ,,,.   p/V;J.^   ,.,   jt   :   ;i:;t,„,i:t,on ariJ  t,r>  othei.  ic   plarmed   for 

construction  within  a    ...... 

Intonai/-  d.'.ai     . „uu ;.•.•:-.   a-.    '"i.nt:  -arrice;   out   i^r  ine   remaining 

projects  and   it   ia   estimate*!   t'. ±t    a   leapt   ?   pre-investment   studies   for 

Ü  projets  would  be  c... npl M erj   w; Uirr.   "  vearr.. 

ï .     Statur,  of nini/micro   r^> ro   o :.antö 

^•1     ^it-.n-r.   unde"   " >• -a : .. .•, 

At i-r-r-rnt, 7 m-ini,'-,irr( r.v'-, pnwnr plants have been completed 

and are under op-rat^n. '-h.. details of each plant can be» described 

as   foliov.;;; 

^•U1    Na Bci'  • -  b-.>-j!"   P1^-     This  plax.t  is  located  in Nakorn 
3n   ^-^.i   íT-vir—,   -,-,-,-,.   -haiK^;  and  wao   complied  aince  I960. 

It   vac   desiaci  -••••,•   llv  :o,:,.l   '    v^^^r.  De^r^ent  who also  supervised 

the work*  o-   the   :votl». t.       í.   -i,  r-wrnd by the   Rubber Urbanization of 

Thailand,     -no   dentri t,  r-nr-.c^   1;   u*ed   m   the   rubber  industries 

which   i8  mtuated  abovt   ; < ki Loo,et,;-;   away  from  the   plant,  and   the details 

of thio   r.la,t  a^e   JI(,„r.   ^ r,i;-,...    '.     The  eqxiipnnen+n   stalled   „ere  imported 

from Europe and  a-  wo- ; nr very  w< i1   over after   ly year,,   of  operation 

without  anv  proh.c-n.     H   r-v--,..,   ..,-   ; nad  ,u>;;iaina  of ihe   ^^  indußtrie8 

is   in  exeoedance   of  th.-  olaM   r^tt.-ity.     Therefore,   the  p.wer  line  is 

* 



connected  frcxr  the mam (-rid   to   the   rubW  industries and  the plant 

iB being operated  in syncro.ii/.m.-. with   tho   power  froV.  the nain grid. 

One of the client   feature  cf *hin   plvrt.   in   that the power canal  is  desired 

with  concrete  cover plat-  to protect   tre,  leaves and  other undesirable 

materiale  to   fell  inno th«  canal  which nay w^« damage to the turbine 

wheel and inlet nozzles. 

3.1.2    Mae Hong Sorn mini hydro plant.     This plant is   located in 

Mae Hong Sora Province in Northern Thailand and electric power and the 

transmission  line are connect.-'   from thio project to the town of Mae 

Hong Som and Ku» Tuam district which is  about  1? and  45 kilometers 

away from the  plant respectively.     It is designed and  constructed by the 

National Energy Administration and it is  in commission since  1972.    The 

detailB are shown in Figure   3.     ^e equipments were imported  from Europe. 

Before completion of this  project,  the electricity supply to these areas 

were generated from diesel power plants.    A number of problème were faced 

then.    These  include shut down for maintenance and some difficulty in 

transport of diesel fuel by road during rainy season.    After this plant 

has been in commission, the system is supplied with more steady power 

resulting in the rapid load growth at an average rate of 17* per annum 

from 1972 to 1979-    Due to the fact that this  plant is designed as a run 

off the river project, deliver it  generates  the power lower than its 

installed capacity during dry season.    After 5 years of commission, a 

diesel generating unit has to be installed  in order to meet with power 

demand which has  increased to far beyond the capacity low stages  river 

flow condition.    With 7 years operation experience of this plant,  the 

following problems have been observed: 

3.1.2.1 the power canal is dameged by water seepage under the 

concrete lining causing differential settlement of canal sections; 

3.1.2.2 there is a problem connecxirg with the controls of speed 

and output  frequency of the governor.    It  is understood that the governor 

may have been damaged during the initial stage of power generation as the 

initial load was rather low when compared to the installed capacity of the 

plant.    However, the effect is small and the performance could be improved 

with proper maintenance. 
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3.1.2.3    sliding of mountain  òlope  occure   occasionally  during the 

rainy Beason but  :-n   fir  it  har  v-i*    intprOrroii   with  tne  power feneration. 

It   is   planned   that  a new additional  mini  hydro  plant  will be  developed 

in this  area  in the  ner.r   futui ^  ¿n   ordor to meet   the  expected  load  growth 

and to   replace the   power   generation by diesel   plant. 

3.1.3    Ban  Yang Micro Hydro Plant.     This  plant   IB  located in  the 

Fang District,  Chiengmai P^-oviaoe  in Northern Thailand and  the electric 

power  from this plant   is supplied   to the Fang District which iß about ?6 

kilometers  from the   plant.    At.  present,  the  plant  is  operated in 

synchronising with the diesel power plant  representing a power system 

isolated from the «san grid.     The  plant was designed and  constructed by 

Electricity Generating Authority of Thailand (ECLAT) by the recommendation 

of H.M.     the King  for  supplying electric   power to  the hill  tribe village. 

It has teen  in commission since 197<1.    At   the  initial stage of power 

generation,  electric   power was  supplied to a factory which  produces  milk 

from soya bean,  agricultural experimental stations,  as well as  for domestic 

uses.     The  first  turbine-generator ^et  of 12 Kw capacity was  designed and 

built   locally by EGAT personnel.     Later,  another two units  of 50 Kw 

crossflow turbines  were imported     rom Europe  for th   .  plant.    From 

operating experience  of EGAT,  there are some problems associated with the 

power generation of  this  plant which could be described as  follows: 

3.1.3.1 The  12 Kw f rancit; turbine has  a problem of controlling 

speed when it  is operated  in synchronizing with  the diesel  plant  located 

at the Fang District.    This  problem may have been caused by insufficient 

governor torque and   fly wheel affect.    However,   this  turbine werks  rather- 

well when operated without synchronization. 

3.1.3.2 Excessive worn in impellor blades  was  observed in the 

cross-flow turbine and this  affect  may be due to the  fact  that this 

plant has no sand  trap in the headrace sectijip.    Sand bed  load may flow 

into the intake during flood season when the intake is submerged under 

the water level.    The   turbine  impellor has   to be   repaired after  3 years 

of operation. 

Ban Yang micro hydro pia',    is  a   run of the  river type without any 

reservoir storage and  the o, 1     _< '.,v  of the  plant  iG  determined by the 

minimum flow during dry season.     The details  of this  plant are shown 

in Figure 4. 



3.1./    Anf; Hang Mv;r.< :Iy.ro  F ' ant.     This  plant  * r, aim located in thp 

Pang Dl3trict,  ^hiengma;   l'r^jìn^c   .1. *JJ: Vu  T  T*> -.i lard.    Ang Kang is a 

mountain peak  of alout IñüC ~ 1900 meters  in  slfin+iou  from mean Bea  lev-1. 

Many agricultural   research   ani!  experimental stations are  located  in thir. 

area.    Tiieir main   purpcfi».   iß *-.) study and determine the suitable crop for 

high elevated  land.     rhe agricultural activities  creates   the need of 

electric power for  lighting,   lomestir uses, water pumping etc.    'therefore, 

by the recommendation o? H.M.  the ling,   the plant iß designed and built 

by the Royal  Irrigation Bepartraer.t  (HID) and the project was in commission 

since February 1979.    T^e cimails  of this plant and turbine are shown in 

Figure 5 and Figure  1?,   l?/l,  12/? respectively.    This plant is different 

from the other plants in some design aspects.     Due to insufficient iaflow of 

the water in the stream during the dry season,   the flow from intake is 

diverted and  collected in an artidicàal  pond.     Tïie capacity of the pond 

Is so designed as  to provide sufficient quantity for operation for a 

period of about 4.5 hours  in the  evening.    The power plant is not operated 

daring the rest of the day.    The turbine was designed and built  locally by 

RID personnel.    Th* generator,  erwitchboard and governor were taken from th<- 

old plant located in one  of the  irrigation diversion dam.    Due to a very 

short operation period,  there is no report on the problème  from this çlnni 

at presen . 

3.I.5    Doe Pui Micro Hydro Plant.    IMs plant is located in the 

Muang District,  Chiengmai Province in Northern Thailand.    Doi Pui ranks 

third in height among all  the mountain peaks in Thailand.    There are some 

hilltribe village*»  B tuated on   this mountain peak. The plant was built by 

the village under the direction and supervision of the Chief Abbot of the 

tMnastery about a year ago.    The turbine was manufactured by a looal machine 

shop and the generator is supplied from local  factory in Bangkok.    There is 

a provision for pondage  of waier sufficient to operate the plant for about 

4 hours a day in the evening.     *rhe electric power is rupplied to the 

hilltribe village and the electricity ia sold at the rate of US $ 1 per one 

40 watts flourescent bulb per month.    However,  due to improper design of 

turbine and without any control   fvr speed regulation except flow control, 

the output speed and oower of the turbine do not match that of the generator 

resulting in lower voltage ou'put,  frequency and speed fluctuation.    At 
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present,   a   now   : -ncc    » ¡  ••*   tur-'ine      ti:   t CIT, cc.i/'r 

supr-rvir; i c\   '•!      •.'     ; ii       .   .         t      -,•.•'          "   : 

turbino   bar   ree*-   , r<: t  il I << •   •-;!•.••.    du'./-   t. n ir- yo   ". 

no   laborator y   test   '. • •   v. n'y   th"   ••    i; :',r,._r. <>    < 

'ni   Lui I       UTicT    tee 

'.''  •'• '":•    p-   :•   l.r.e   .       Thi 

'!n''ûrJur.a*f l,y   t.fie re    ; s 

c    •!    ~.R   . Low   turbine. 

However-,    fie]."    :e;v>;'.    . rv ; i .*{.••.     '. !   ,"    ' r:<     rur'- ir.e   ir.    ranrunp   'it   a   clearly 

speed  ar.-i   tne   pT.iT.t - r   ;:•   p:^du-:n,    tr.o   ra'^o  vol taf    'ini.   power  output, 

Moreover,    t/.p   tu'hi>,o   r"iM:-.|   •  >   • c    ii-ti.cvinf  .t  Turri   higher  efficiency 

beraur.e   with   the  cine    lorr'-ifc   tr.d   r '•!'• rato:   output,   t';c  water   ¡n  tho 

pondage   couid   b.    uree    •••     |:"iìb'   + v    turbi;)-   fir ')   heure,   instead   of 

.1  hours   with   tie'   previ .UP   'u.'bin«1.      ÍV.c    letali;:  of   than   plant   are shown 

in  ?abl.>   P. 

,.1.6    Pong  Yaeng  Micro  Hyd-o Plant.     This  plant   is   located  in  the 

Mae Rim  Distri et, ìr.fin.ii   l'." iviner-   in  North' in  Thailand.     The   plant 

supplier,   electricity   t-    thr   t'a-c   be'onrinp  te a private   owner.     The   plant 

and  the   turbine   j"e   !er. irn'H   ana   ¡.Ui.it   under   tne  nupf rvision  of  the NEA's 

personnel.     In   thi--   fir. ,ieot,   a  diversion  wer   ano   water    -hannel   alieady 

existed.     Thev  ::av  Veer.   - jns t. "ueten   by   the   villapert .     'Hie  .~and   trap), 

head   tank,   penntecK    ine   powc •   olar.t   have  Iren  ad 'en   and   connect   the 

exisitinf  channel.       Pb.e   iurb.ri'    speed    repu ' at i or.   ir    pavide:   by   manual 

control.     The  rieti- Is   of  thir   , a jjit  are  snowr.     n   Table   '. .     It,   has  beon 

in  commi SE ion  m nee  July   that;   y a, .     Them   ir   no   lai    ratory  tent   to   fini, 

out   the   performance   or   the   turbine.     To  date  no nper-.tinf  result  has   been 

obtained. 

3,. 1.7     Mae  fihon   Mirro   Hydre  T tant III ir :1am t   ir-,   located   m   the 

Mae Ohaem  Jirt'ict,   f ".í'.-rpui.   Í •'•evirici'   li   N. rt.v rr   Mailand.      "1he   nLon 

is  intended   to  sappi;    elect ri>-1 ' y  te  +he Water :hed   Mma^emer.4   Station   r>r 

the  Royal  Forestry   LIPIVì "tmen t   (iiFT).     At   thiíj   station,   a   reservoir wan 

built   to  store  wit•--   fo.    ise  ir.   -aici.nr  tree  nursery   al "   year  round. 

Afterwards,   r.he  heanrice   channel,   penstock  ;ind   power  plajit  were built   and 

connected   to   the   reservoir  by   tne  Royal   *'orf'Ctry  Do part mon ', 'r   perRonne I . 

A turbine  manu l'arsure.'   by  -.  local  magnine -hop was   installed,   the same 

problem ,-u¡   experienced   in   :toi   Pu.  micro   i.yii ro  plant   occurred.     Therefore, 

under the   recruest   of  fiPJ's   perr.or.nei,   a  nev.   eros;;   ; low   turbine   has  been 

designed  and   in   bemp  raam-facturei'   und.»r   the  supervision   of NEIA's   pe i r, in nel . 

It   is   expected   to  > r-   installed   in  the    --.jminp or,   seas.on.      ¡tie  details   of 

this   plant   arc  shewn   ir    Pa>   .• 
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3*2    Plant Under Construction.    There are three mini/micro projects 

under construction at present and the detail of these plants can he described 
as follows s 

3-2.1    Mae Kuem Luang Mini Hydro Plant.    This plant is located in the 

Mae Ai District, Chiengmai Province in Horthern Thailand.    The electric 

power from this plant will he delivered by transmission line to Pang District 

in Chiengmai to replace the diesel generating plant and to Chiengrai Province 

«hieb, is about 120 kilometers away.    It will connect the main power grid at 

Chiengrai substation.    By connecting the main grid, the available energy of 

this plant which has about 805t plant factor would be totally constuaed.    The 

benefit  from this plant is by far better in spite of higher investment cost 

of long transmission line.    The project consists of dam, headraoe pipe., 

•and trap, surge tank, penstock and power plant.    The details of this 

projeot are shown in Figure 6.    The dam is provided with small pondage for 

daily regulation required during dry season for a full capacity power 

generation during peak hours.    The project is designed and built under the 

supervision of the National Energy Administration and the turbine and 

generating sets are imported from Japan.    The power plant is expected to be 

in oomsdsoion at the end of I98O. 

3«2.2   Huai Has Phong Mini Hydro Plant.    This p-ant is located in the 

Dok Kam Tai District, Chiengrai Province in lorthern Thailand.    The electrio 

power from this plant will be delivered by transmission line to Dok Kam Tai 

District and interconnected with the main power grid at Payae Provine« which 

i« situated about 25 kilometers away.    This project differ« from the oihers 

by its nature being a multi-purpose project.    It will provide electricity and 

water for irrigation in the dry season.    The project consists of a storage 

dam, headrace pipe line, surge   :ank, penstock and power plant.    In addition, 

it is also provided with a regulation dam for supplying water to the «prinkler 

system to irrigate the area of about 64O ha.    The detail« of this project are 

•hewn in Figure 7.    The project is designed by the National Snergy Adndnistratic 

under the advisory of expert team from Switserland.    The power plant equipments 

will be imported from abroad and construction of the civil work« will be 

carried out by local contractors.    Thi* project will be completed in I98I. 

m. 
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1.2. s    Huai Nam ¿ans Micro dydro liant.     This  plant  iu   located in the 

Mae Taeng District,  Chienpmai   province  in Northern Tnailand.     It  ic  planned 

that  the electrir power  from this   plant  will bo    -applied  to  the hllltribe 

resettlement vil lagt, and Wateraned Management  Station  of the Royal Forestry 
Department which  is --bout . lo'tieterr  awfiy.     At  present,   about   300 

hilltribe  families   ire being moved into  this  resettlement area but it  xe 

planned to txpand this village to a.out  1,000  familieu.    Electricity supply 

from this  project will be used  for domestic purpose,  as well  as  for operating 

other village facilities,   for example,   rice mill,  saw mil1.,   wr.*er supply pump 

etc.    Moreover,   in order to  conserve  firewood which is used  for heating in 

winter season and  to utilize  electric power during the offpeak period,  the 

electric heating vrill also be considered.    Besides various uses in the village, 

the power will be used in the Forestry Station  for drying of tree seeds and to 

pump water to the tre; nursery areas.    This project is designed and euperviied 

by the National  Energy Administration and the construction werk is being 

carried out by the RFD's construction forces.     The turbine is designed by the 

NEA personnel and will be equipped with an imported governor.    Other hydraulic 

equipments will  also be  fabricated locally.    The details of this project are 

shown in Figure 8.    It  is anticipated that the power plant will i •> in 

commission in January I98O. 

3.2.4    Micro Hydro Plant  for 5t. Joseph's  Youth Centre.       This plant is 

located  in Muang District, Chumporn province in Southern Thailand.    The 

electric power fro.n this plant will be delivered to St. Joseph»s Youth 

Centre where it  will be used mainly for domestic purposes.    Here, small 

earth dam of 10 meters  in height will be built  to provide water supply for 

the centre     id 5  !cw croas  flow turi  ne will be instai I 3d at  the down stream 

side of the dam.     The heaa 01   the power plant will be about  5-6 meters and 

it is expected that the turbine will be operated about 5-6 hours in the 

evening during the dry season due to insufficient storage in the dam.    It is 

expected that the power plant will be completed before the end of this year. 

The turbine for this plant will be designed by the National Energy 

Administration.     The details  of this plant is shown on Figure 9. 
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3-3 Power Plante to be Constructed in the Near Futir-e. In the next fiscal 

year (starting frorc October 1979), there is a plan for the construction of 

a new micro hydro plant which  can be described briefly as  follows: 

3.3.1    Ham Mae Pang Micro Hydro Plant.    This plant will have an installed 

capacity of about  20 - 25 KW with a net head of about   30 meters.    It  is 

located in Prao District,  Chiengmai Province in Northern Thailand.    The 

electric power from thiB  project will be delivered to a nearby village by 

3500 volts  line at a distance of about 2 kilometers.    This power plant has 

a distinct  feature in it that  is it will be the first of the project to be 

build with the participation of the people from the village.    The basic idea 

is that the government will provide power plant equipments, hydraulic 

equipments, steel pipe,  conductor and insulator for transmission line, cement 

and steel bar, engineering design and construction supervision.    The 

contribution from the villagers will be in the form of labour force required 

for the construction, local material such as sand, gravel, wood, and wood poles 

for the construction of weir,  intake, sand trap, power house and transmission 

lines.    It is expected that the cor+ribution from the villagers would amount 

to about 30 - 40^ of the project oost.    It is also planned that all the 

equipments will be made locally except for some parts of the switchboard. 

The project is to consist of the following components: 

3.3.I Diversion weir made in front of wood or stone} 

3.3-2 unlined earth canal} 

3.3.3 concrete intake and sandtrap} 

3*3*4 steel penstock} 

3*3.5 power house made from wood with concrete substructure} 

3.3.6 transmission line with wooden pole.    It is expected 

that construction cost will be about I250 - 150O US 8 per kw installed and 

it will take about 6 months to complete the project. 

3*4   Micro flydro Plant to be Developed Under the Technical Assistance 

from UKAID*    The Thai and U.S. Governments have already signed an agreement 

for cooperation on the Research and Development of Non-conventional and 

Renewable Snergy Programme.    The period of this programne will be 5 years 

starting from the end of 1979*    Under this programmo,  it is tentatively 

planned that 10 pioneer micro hydro projects for village development will be 

constructed.    The village would be solectod according to the following 

criteria: 
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3.4*1 Village \>àa uxcipation in the project planning and construction 

and in designing utilization echemea that are broad-based and likely to be 

subetained. 

3«4«2    Unit cost of development is to be under 2,000 OS I per kw 

(including power transmission). 

3.4.3 Projact involveD  plan to utilise power with a high load factor. 

3.4.4 Development (initial) is between 5 and 20 kw, electrical 

equivalent. 

3*4*5   Project fits into a development plan for the village. 

It is expected that construction of 1 - 2 micro hydro plants under 

this programme will start in I98O. 

4.    Development Trend 

4*1    Project Cost Reduction.    Prom the past experience in hydro- 

electric development in Thailand, several problems are found to be involved 

in this development of mi ero/mini hydro plants.    These include: 

4.1.1 high development  cost; 

4.1.2 long trc-j^ccion line fro a power plant to load center; 

4.1*3    low load factor; 

4.I.4   Most of micro/mini hydro plants are of "run of the river" type 

and have high plant factor which does not match with the low load factor. 

Therefore, there is a need to utilize the power during the off-peak period 

in order to improve the efficiency and economy of the power plant operation; 

4*1.5    problem on transport of material to the site. 

To overcome all the problems at the same time seen to be very 

difficult, especially to improve the load factor and to use the off peak 

power*    This will take time and involves other inputs as well as investment. 

Perhaps, a good approach would be to explore the possibility of reducing the 

development and investment cost.    The possible solutions leading to this 

goal may be as follows: 

*. 
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- Reduction  of  ci /il   vori-     co.-;4,   oy  utilizai  on of  local  material 

and  labour; 

- fabrication   of  comrnaent  ^na  material  at  sito  to  reduce  high 

cost  of transportation; 

- utilisation   of various  development   stages  to match with  the 

load demand; 

- utilisation  of  lens   conventional  .uid sophisticated components 

and equipments,  at   least   in tho initial  stage  of development; 

- development  of local   facilities   for the production of turbine, 

governor and generator; 

- participation  of the villagers  in the project development will 

further reduce the  pov-mmpnt contribution to the project.    In this  case, 

the project may be a part  of community programme. 

4«?    Design Trend 

4.2.1    Dam and Weir-     The concrete dam and weir is considered to 

be the standard design  for most  of the  projects especially when bed  rock 

is Bhallow because  it  requires almort  no maintenance.    Sluice way is 

necessary in most  cases  for r€  oval of sand depo  it in the area near 

intake.    Wooden   iain should aleo be considered because it  is much cheaper 

as it  is already available  in the vicinity of the damBite.     This also 

shortens the construction period and th» villages know already the technical 

know how of the construction of these weirs. 

4.2.?    Headrace.    ^oth open channel and pipe line have been used in 

many project?.    Lonp pipe  lines are usually made of concrete or A.C.  pipe 

where as r.hort headrace  pipe may be steel  pipes  or A.C.   pipes.    Buried 

concrete of A.C.  pipe  lines   require smaller width of hill side  cut and bank 

height and has  lese   problems  of bank stability.    But this has a weakness 

in that  extreme care  must be  taken to ensure that there is no leakage 

through  the pipe connexions.    Open channel head race also have leakage 

problems along concret?   joint,  especially when there is differential 

settlement between concrete  lining 3ec\.ion.    Howevey,  when the hill slope 

has a medium to  low  gradient,  open channels  can be built satisfactorily. 
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ünlined channel should 1P con.,ide.«d{  jince th* viliag« hau o long 

experience in building thin type of chennol for irrigation purposes. 

When the soil is not psrvioitH and ;;or¡e uoevage in acceptable, thic type 

of channel will offer a good solution in roJuction of construction cost. 

4*2.3   Sand Trop,    Provision of ctuxdtrap will be necessary in order 

to protech turbine impaller Vron oxoenoive vaar duo to sand particle3. 

4*2.4   Penstock.    Penatoci: is urually r^xle of steol or A.C. pip*»s. 

4.3   Selection of Head.    Higho^ Load ia desirable and whei J it is 

possible the head should be 20 netero or rcore.    Tuie iE due to the fact 

that minimum flo~-? is u3od in the def)i:a of turbino out put and usually 

there is relatively lev flow durjn', tie dry orison.    1 hipher head will 

allow a bigg3r pori- crtput of -the ncx-n   p^an!-. 

4*4   Sélection of TurMno«    For micro hydro plants, tw types of 

turbines will be uacd.    Crotis fior tiurbino vili be vana for medium h3ad 

whsre as pellón turbine will be vjaed for high heads.    The eroso flow 

turbine is preferred for racdiuti hc-d becrnoe of its simplicity in 

construction End rAinterrnce is relatively J implo.    Per both oases 

simple meohcaical svernerà wMl be raop'-.c-K".    Hotíiver, utilisation of 

electric Lovonor in (»caller ':nit    r-\y be allocable   In order to gain some 

practical esperide? in1', -ihAn typa of r,ovo;cor. 

5«    Research erd _Perylop^\^t of Tarbine 

Tte reduce the oont of ralcrr hydro plants \n a prerequisite for furthar 

wide oprecd devalopuoirt.    The cc-it of turbine ¿r¿nerattng net is fovnd to 

repr-ssent abrct y> - yjf, o* tvo  ;otal dovolcpTent, cent of depondinj on the 

nature of oach projact.    If the vwrbini»-goiio:ratinc re-S ia manufactured 

locally,  it is estimated th-vi the cont r-»y bo reduced by about 40 - 505t 

of the imported end.    Locally rilo turMKSo con Id be dosigned to suit local 

conditions, to use locr-1 r ter}alo «id to ;\11OT: osciy riintenaiice by local 

skilled laborr.    In vi«/ ->f tho l;i,ore^^^n*i(m^(, reanon, it is of great 

interest to develop the capability in munfecturinff turbines and its 

accessories in Tbailic« through a progsarcti of research Mid development. 
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generator   and   f-'ernor and  at   ¡.-oro-r...,   tV..rj-ation  -f  the  turbine- 

generator   not   ir,  complete.     TV, e  r)o.<iilr   ef the  turbine  net  and  its 

specifications  are shown  in   figure   10  and   Apnendir  1   respectively.     It 

iE  scheduled   that   the   tubine  ret   «nil   he  tested   m   the   laboratory some 

time   in Wovemb.-r   !).')  vher   U.e   • e>   ;,vdran.:c   laboratory  will  be  completed. 

The   la.y  out   of   te',   fanilitien   ir   ^rown  - n  Fi r ire   11   and   it   is   expected   that 
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the   UNATD  prurr.^ne  on  Nan  r .-¡-«y en - , or. 11,. . enewable  enorp-y. 

After   tentm.-  an e   nc-we;    ;,y. - -.ve ••< -r i ,   th,      turbme  set  will   be 

installer!  at   Ku.-i.   Nam Dani:  on.-   .    •.,...!:•<,  ,1 mt   fo;   aotua<   operation winch   IF 

planned   to be   in  ^Mimir.íüon  i e  Jare ..rv   l-jöf.     Tt   ir.   hoped   that  the 

experion-e r  me1  in  <,r.-  recnMiti  v     1   'T. UT. e mi   fc   E    -enpthen  the 

development   pror»..   C   TIU-     ../dm   r.,rat;.   vn     n.ilan:.    -,   the   near   futur;. 
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Appendi!  1    Specification o'' C:Osn  Fl :>w Turtire 

1.    Turbine 

1.1 type 

1.2 discharge 

1.3 net head 

1.4 efficiency 

1.5 speed 

1.6 impeller diameter 

1.7 impeller width 

1.8 brake horse power 

1.9 material of construction 

Cross-flow "Banki" 
1lrj  literti/fiecond 

75 meters 

70$ (anticipated) 

750 rpm 

O.4O meters 

0.1-0.15 meters 

7 3 

1.9*1 runner 

1.9.2 shaft 

1.9.3 bearing 

1.9*4 casing • frame 

1.9*5 nozzle valve 

1.10 run away speed 

stainless steel 

high tensile steel 

roller or ball bearing 

mild steel 

stainless steel 

not exceed 1350 rpm 

2.    Generator 

2.1 bapacity 

2.2 output voltage 

2.3 speed 

2.4 efficienty 

2.5 insulator 

2.6 »0. of Pole 

2.7 excitation 

2.8 power factor 

2.9 phase 

"MD Kw,  revolving field type 
synchronous alternator 

380 volt (AC) 

I5OO rpm 

:    90.5* 

.rotor - class "F" 

<. tat or - class **B" 

self «xcited 

0.8 

3.4 wires 
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3.    Switch board 

3.1 volt-met. or 

3.2 ammeter 

3.3 frequency meter 

3.4 watt-meter 

3."3 control  switch 

3.6 circuit  breaker 

3.7 synchroscope 

3.8 fuse 

3.9 watt-hour  meter 

4.    Governor 

4.1 Type :     Electro-hydraulic 

4.2 Turbine nozzle valve  c ntroL :     by hydraulic cylinder 

4.3 Electronic sensmp through  electronic  control 

circuit,   tacnopenerato:   anr.  :'.oLinoid  switches 

4.4 Provided  with hand pumr-  for movinf the turbine 

nozzle valve during  startinf of turbine 
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