G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

-
) I l 6 ' - | o
0 Doatr,
LIMITERD
* 10,/ WG, 204,/ 11
cU o hprust 109
. Uir:ted Nations Industrial Development Organization R
B LAY S PR )
caar=Workchop on the Kychange of Bxpericacen
ardd Mechnology Transiey ou Mini=Hydro Klectrie
Geaerabion Unito it
Lathmandig Nepal, 101 Leplember 1070
ESTABLIGUMEN'Y O MINL/NMICRO
HYDSL PROJ T
Ly
P.K. Beh' |
|
|
i
1
' -,
, Y040
‘ !
b
“ ¥ The views cxpressed in this paper are thovce of Lhe anthor and do not
necessarily reficct the views ot the secretarist ~ UNIDO. This
docunient has been reproduced wiihenl Uormal editing,
' “*  Director, Cenlral Elcotricity Authersty, New Delhi, India.
1, {9=0626
!
!
(SO _
- .




intemstional "ORKIOR
* )

feobpology Trapefer Iroblems in thy qeledlith neny
of ¥ini/Miorvo Rydro Uaits \

1, present ponitiow with regard to mini/mioro
Hydro-glectris Flents in Indiass~

Development of microhyde: schemes in India dates dack
to 1897, when a miorohydel scheve was onnatructed nesr
Larjeeling. This was followed by several schauzes to provide
power svpply to taclated towms, speoifically to Eill resorta,

As power developomnt galned monentws in thecowmntry,
attention concentrated wnt only on developnaat of major
hydro-eleotric and thermal projecte and extensive transai ssion
and distridution symteas in order to provide pover supply at
economioal teriffe; but interesct was taken in the development
of mioro-hydel scheuncs a8 well,

"1 racent years, atien’ on to provide p/ ver supply in
remote parts of the comntry, which csnnot be smpplied power
economically fiom the main tysnsmineion grids, or from other
sourcee 1ik e dieasl power, has gained urgenqy in the develop~
ment of microhydel schenss, These rsodnt developments are
malnly concentrsted along the Hizslayan Runges in J&K,
Himacbal Pradesh, U.P., Sikkim and Arunachal Praieshy and
in the hilly regions in ¥agaland, Manipzar and Leghalays,

Among the various regione in the ccuntry, the Hisaleyan
Region affords coneiderable scope for miorohydel 4evelopment,

The etresns in this region oarry pereniel discharges, asouring
dependsdle availsbility of power all through the year. Thay
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aleo dercemd down cop @i, wio? MAng o anTr R Ao of nNigh
hends »1th relntively stcvd watey so~inotos sy slens.
ANSRITRE 1 prasents s list af wierohyds! schemes in operation
in thae varioms parie of Inaia. It wald De sam thak the

pins of the sohenre dn guinly in the rarge of 3 F¥ S0 1500 ¥,

Dhriag this pevind, we have buily up expertise in the
soumiry in tha dasign, englineering and goustruction of Bi0roe
hydel schanen, & oomple of merufacrturars have nl#g cone Up
end speciaiimed in o wenafecturs of mlorohydel gewrating
wnits of Various types and ocYering e large range of hends
0 have al o conshrictss about a dozen wierchydel projeats in
Bhutan and Afghaniatan, Thaese have provel succesaful and moxre
guch sohenas are bHeinl taxan up in *hese countries with Indimn
aznistance,

A couple of yeurm 220, & tear of Indian En,jineers was
invited Ny the Unvt, o Fldl fnr loaking into their hydros
aleotrio potential and Lnvesiigating -uda slarohydel sGheres,
The twam haa coaplsted detalled invartigations for 4 Ros, of
sicrohydel schaues in 4 AScforant isiands. These will be taken

wp £or ocwsrruosion (AR
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(1) Por lonal supply o the remote villages, installation
of ewall unite ranging from 100 kW to 500 %W is under active
conniberation in tha S%tatew of Juk, Himachal Pradesd, UsPoy

g Sikkim, Arunacdal Pradsst, Nugaland, Menipwr end Neghalaye,

These projects are 1isted i the endlosed AMNEXURE 11,
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(11} For utiltesiion of seadl drapa fn the Lerigation
canslr, inwialiation «f tubviar and otacv types of wnitle

of Tanacitiow xanging fvom L ¥R $0 % 8 le Daling coneidered

by Ftotes lixe Jaoaun & Yashmir, “adhys Predest, Gujerat,ete,

ir the country., These poojectm ars alms 1irted in the
AWBRIURR I!,

finsgsarch anG _Devslopuont work in this arepp-

{.) Wile frpozraphieally the Himalayan Reglon 18 vexry
attractive for davalopment of miarohyvdel schesmen, e geology
atc, o the terrain prevests saversl prodlems, Tha streanms
alao carry coreidarsble quantuy of eilt, bovidere eio,, portie
ocularly during the mons on period, presentiryg prodles af their
exolauhon,

e steep 2311 eloper alomg which the water oniutor
aysi- @8 huve t0 be comstru isd alwo present 1ifficultles frem
the point of view of ntability. Protectior againet these tad
to pusa up the cost of civil englnasring features,

™e doalgn of diveraion welira, intakes arnd water uonduotor
myestens ars dalng ryviewe! constantly t» bring about exnomy
and improvement so that rising costs oan be ceutralised mnd
requirvererits of freguent repelrs ure kept to the ninisum,
Anong the new damigna adnpled aan be included the "trench
type welr®, which has beon successfully tested in streams

carrying #4114t ané bollders,

(11) Mapuracturers “ave developed standard generatlirg

sats with in~built flexibility for ALfferant heaids, specds

and outputs., 5ince greater psrt losd effioisnces ars ¢ nod
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padh gonresdevty A0 oroy A owell wl o, Lmpiloeied el

062517 Tasplan® tur¥lres sre wol sltrective in mppilesviom

im wiorohydoi lostslistinne.  lrpuise turbines are unaed for

Atgher Raate, snd prapwe aev s TrpoGletype cesotion turbines '
are fa urs T 1om besdi . "he avisl simiesiom {turen)

Lwpul e Wwiiis with ighes #nanilio ppesde for an fopules

Yurbines, of (entivels Dridge the gap bYatwran the reantion

turdbine ans he high heed peltons wheel, A 116t of gemeratin

ity sevulsckure! in the country s0 far is smelomed in

AVAZXUAR E5X.

(4:1) o*atic sell axciting ani self ragulaling systozs
proviiing D.(¢. exaitziitcn in eontrolled form tu the genevater
tield, provida rchust and eimpde generators for ncnt of the
miorobydel inetailrticne,

{1v) In cartnin fnctances, where the units have to
cpersie eonilnucundly in para .ol with alejuat 1y st-ong Jooad
supyly networza, a ablwpler acvengement smploying induction
genurniors 1is elso weiog oorulderead Sevouralily,

(#) with w@e #nd moxrs potential aites of low hesd
ferigation zansd sower staticns bdelng L4untified, manufasturer:
sre #nlivalT considerirg favalopmant of "tubul ar® and other
sppropriste types of turbdines suit«dle for low hesds and
higher diecharges.

Lersons drawn i fnplecantpgifo o thedsy sohanepse
(1) Sinimum 24vi3 Horkme

The aust of civil works, slectriosl sguipment and

epiablidumest chargek 2ownot be reduoed proportionately in
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(11) Jecessity of gdequate Investigationes~

Bsfore a microhydel! sohers is conanived, wininum acoenmsary

fuvestigations have to ba conduoted, fesonnaisssnos with .
referemocs to anticipated power requiverme of the loonlities

have to be assessed orer a parind of adors N o 15 yoars,

The discharge observations of the streaw nesr the proposed off~-take
point, partiocularly during the lean monthe, form an fmpartant

part of investigations, Though it i prefsradle to have long

toxrm observed discharge dats for thess streaamne, in the nbieoe

of such data, at least 2 to 3 yoars discharge mensurancnts nre
necessary to arrive &t m reasonudble eatim-tion of fiow for design
basis, Right angled, rectangulor o trapecoldal notches
sonstructed across the streams for reliibie means for obtaining
oorreat discharges in tha hill streamn. Haaldes hydinlogics) obsere
vations, necessary topographical and mirimum geoiogical Arnventie
gations are also required to be conaucted o sstablisbh rultability
end stadility of ground for pover channel penstook eta, Sataty
wder flood conditions is alsc o be corsidered,

The tendency to save or the minimuw investigations, in
order to keep the initisl geatation periocd and cost per KW
gemsrated on the lower side, becuuse mly s soall quantum of

pover is involved, proves costly in the and; and io not reonanended ,

(112) Qereful considergtion af gconomics involy adie

Before deciding to oomstruct a microhydel niaticn, a
saraful study 1s required to be made of the soonomion of
oonstructing a miorohydel statiom,

Small villeges in remote hilly areas, whers water for
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ruaning the misrobjdel 'm:t2 sam be Tep,ei, ave rarely

sftuatod withis 15 Ku: £zom ang 512, 3¢ thay are withie

1% Xoa, from ths grid, 1Y 4s d-finttely econumical to
oonatruct 11 k¥ lina. [k Lo aut) adceunt e difitlndd
gerrain, the cost oFf =it 11 XV L ino Lu thase parts i@
1ikely to ba of the wdar af B A,000/- pex km.  Thet iw,

the gost of 4% um, lorg Y oy iloe wili 2ot cnly ebout

B, 3 lskhe, as nompared .o E.AC leknw, %the coe® of oonatruntion

of a nicrohyda’ profact oo WD 8F Lretull el ropacity,

1f the distanus Tro tha gric w wore thay 19 kmse, whioh
19 likely to br the vots, 8 3% k& T 1lne L8 vejuixed to ba
constructed. Thim »!1? rarve to trapnsmit 1 ¥9 of powmr upto
& distancy of B0 kme, irn the ALfflcu’t terrelyu, consldering
the anst of Bephude 31 v Jine o ba N, 52,000 - per km, the
S0=-km long iine will ooe? %.25 inkhie, Taue the ranatruotion
of 3 phase 37 X7 line to tig sxeen? ¢f 7O Kk d@ also economical
as corpared with *ha e of comRiructior of & microhydel
station within 1 M [rat 1147 capscity.

However, in surt numew, the spoveasm 1o the total enaxgy
generated in the grit fror the miciohyoel generating umits mun®
also be notedy and Loe’al pticy of the alcrohydel staticn
may be taken up from thiw pot~t of vlaw, The total per unii
cort of power frow the grld jusjuwding ths power gemerated from
the mlorohycel statiorn may 43 up o1y warginally, a3 the Quantus
of power generated from the alo.ohydal stetio would be emall
in relation to the powar aralladle from ether euurces in thy
grid,

Beyund g distaunce = 50 xm frow tieg grid, it 1o hardly

worth oonstdering vonstcuction of 68 k¥ 1line for tranmmionion
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of power of the order of 1 XY cr se. In such cases, &
miorohydal #tatic: Zaa Az usisillaed om & means ésveloping

thr loads in “he Ll-st Snatance, T tiagiely aes the Joad

devrlnpm, aonstructiin ¢ ‘vanmiaaisp linan ann De resurted
t0, the mioxuliydsl station kain, usss (or wugmentstion of
total wneryy wreilaile In fthe i,

porer that o

be tramonlit
gconomically

«  Jrapamincicp
Eﬂ .

volt
AR a1

te 1 xv LICVIR A

2, 53 kY 3 e {60« bal 10 ot 1,5
3. 66 XY 0 kot CR0e F) 10 M to 13 W
4. 152 KV AT e 120 2w 4G Wi tn B0 MW

Tod tape0ity 6l vievehgiel cohatyey

.:'91

Plier, micvonyorl poolent o oweoe 20 et e hydel
gtotfore hovipg o fetel ool sorontty of gbeut 1000 kw o@
loos, wiih penevaiing upite Snwto3led teing alther a single
anft of 1000 kv capeciiy, ¢ s parvar of eeeller unito with &

totnl cepmeity of 1,0X kw,

Fow Decruare of #horicps ¢ Toaelt fuals, and poilution
problems, interest in utlidn: swel) earal Arope for innstallattor
of hydel urits of uptc $2 w3 MY sapanity Ls building up, Theoe
sets are baing umed for suplying powmr to lrrigatiom pymping
sets for utilisiry act.soil warer, snd foy suguentation f power

generation in the grid,
It wi}l, tharefore, va nadessary to olawelfy hydel stations
having » total inztellsd epaciiy of upte & WV, ap aiora/ming
hydel atatima, ’




(v) Qperation snd Melptenenoes

Because «f the remctareus of wmor$ of thess niorohydel
stations, Lt fe waually Zitfionli %o g2t trained pereanel
to run aok mainisin thewe yower xtations, The trend e,
therefore, tv design end manulenture mnite whioh are simple
to run and mrintain, so ot the plaronydel instellations
can De vaaned evan with untrained persannel, who will bde
able to take charge 27 the pcwaer stetions, after only e
few days' leerons/training in powsr siation itealf, tudses
quently, whien the area grid gets extomdsd to ocorer these
remote arees, it will be sdvuntegeous to run the mioro units
in paralisl with the nain grid. 7This would rejulre nome
simplification of turbine governure eto,, so that flactuations
of outputs and voltages of ths lore wits 1s minimieel and

attention nesd be givem to this sspect,

Soclo-Rerromie Agpeatsye

T™he par capita aietric power aenaumption, now-a-days,
18 conaidered to be as index of advancement and well-being
of any society. OSince Infependence in 1947, Indis has al®o
taken long strides in the generation and utilisation of
el ectric powsr, A4S agalnst the total installed oapaclty of
sbout 1700 ¥ in 1947, Genarating Units thermal, hydro, and
nucl ear, totailing to sbout 22000 N¥#, have heen installed
through sustained and planned efforts during the last X years.

However, booause vf the peculisr geographleal festures,

a Jarge nuwbexr of resote villagee in the hilly re:ions have
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yot to see an elsotrio light in their vieimity, In exder

to make these ¥illage: uwhre 0f the alvanteger of use of
electricity, aré to b'eg ihem o 'he iminetrean cf dovelop~
mnt being sohleved ln the reei c¥ the country by raising
their standard sf living. 1% 18 necsesary to muks electrio
power availebdle *o theum dy coastriciin, mierohydel projeots,
end extepd ing trunsmismion ilne&, Iven in certain areus of
plains, where osmell falle ia canals or rivulete are available,
installation of microhydel projeate at *hame looitlons can
also prove ussful for cupply 31 eleociric enargy te surrounding
areas independently or in conjunction with the grid supply,
if and when availahle,

Micrchydal achsmes oay diwy % 'wjor aad very impertant
role in such elsotrifisatioa of veame t¢ villegen, thus oontri-
buting in the Rurs) Fieaztrificeticn Prmgra»me prasently being
implemented, which maken gonsiderable roolal impact on the
loowl population, ‘The kigher initial supliel costs and
highar nperatior mud mriticnapce omets id o«Be of many of
thess pro jec*s,ak ccapursd with “he uajor hydel projects
should be viewel, in %be nontex: of ita social uspects, the
alternutives for eneagy supply in a time perspective, as alw
a long range view of scergy scurves, With ths social aspects
Being foremont in conmsicarmtions, lomg Serm loans at ocon-
cessional interest retes as wsll ms spesisl consiieratiom
given %o lower returns in such cmses, sowid he viewed in
relation to finanoial vinbiliyy of the schames.
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6. __T-.ohrHTwloi,e:..'.l.r_s.nﬂtea.snd s.ggention feor pr Kramee
sulled for countries of XsCAp Regiom.

The quantum of power avsiluble from miorohydel

etatione being small, thess echemes do not get into the
1imelight in the power devalopment of ary ocountry. The
practices adopted in the copstruction of modern und bigger
power stations do not pecesnarily suit the eonstruction of
such smal) stutions, The requirement of equipment for
niorohydel stations 1s also limited; and many sanufaocturere
of hydel genexrating units are not attructed to develop
small unite, Bven in a big cowntry like India, where e¢ltes
and conditione for miorohydel development are favourable,
therex are hardly & couple of firms manufacturing small
units,

It is, therefore, necessaxry that whatever technology
trunsfexr is to tuke place on thie subject, has to be on
Intcﬁmtional basie, to be of eome signifi ance. The
private manufasturing companies oonno% be expeoted to tuks
lead in this matter, en purely commercial emmsidersticns;
and eteps in thie regard should therefore better be initiated
by the Stuge Governments themmelves,

Most of the oountries in the Asian and Paoifio xegion
being developing countries, are way behnd in eleotric power
genaetion, and are fuoing similar prodlems in this 24014,
such as sdvanosment and simplification of technology and
finanocing probdlems, XExchange of technology oould,therefoxe,
be deneficial, India bas developed expertise in the
plenning, dssign and cametructiom of alerohyiel echemes




0 well as im the menufacture of soell genersting weite
and asscciated switchgesrs, which Lt could mmke available,
Indie omn sdvise comtirie? in ibe RSCTAP region ente

9. Oonducting of preliminary surveys for the
oollection of hydrologionl, topographioal, geclogioml and

electric power demsnd dasa for that nountry,
2. Identifying petertisl sites for nini/micro/hydro-

eleotric development,

5, Investigsticus of such prmjects sand preparation
of project xeports.

4. Supply of microhydel geuearwting units and
associated switchgear and oontrol punels,

5, Construction of eivil eiruckures, installation,
oommissioning wni tenting of the generuting unite snd ethex
squipmeat at the microhydel power niations,

§. Operation sud mmintenunos of the nierohydel

schemes,

AR
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AINEXURE ~X
XIGROKYDYEL PRCJROTS_UNDER OPERATION
9,80,  Home of the Pxojet Gxose Heed (M) ﬂ:‘gﬁ
%. Ugtay Pradgshs-
. aruy 21 129 w
2. Bugeshway % 150 + 1x18,4 kw
3. Chezpawat 76 2 x 100 ke
4. Uttarkushi )] 3 x 200 kw
%. Bhatwar 107 222 kw
6. Dhsrasu 12.2 1285 kv
1. Rarkat 13.7 1tx% kw
8. Shxras Rudrspreyeg(Interim) 99 1 x 9% kv
9. Genti Chera J00 2 x 100 kw
10. Deoprayag 89 2 x5 kw
‘1. Ruirsprayeg (Tilwara) 65.9 2 x 00 k=
12. Chemoll 190 3 x 200 kw
13. Guptakashi 230 2 x 100 kv
1. Bedrinath (IAterim) 30.9 1x 3 kw
15. Simls 1.2 195 xw
16, pipalkoti (Interim) 12,2 125 kv
17, Jost:imath (Interis) - 1225 kw,
Y1, Himacha) Fradeshs
1. Rogli 72 2x250 4 43500 R¥
111, Janiu & Kushnips-
1. Juomm - 2 x 500 kv
2. Udhaxpur - 2 x 320 kv
3. Rs jourd - 1 x 360 kv
4. yonoh - 3x98 » 2x%0 sw
56 Bhand urwah - 1 x 560 kw
Y, _Arunschal Pradgshs
L' Puseighat 55 2 x 100 kw
2. Rahwng 126 S x 250 xw
s, Basar 123 9 x5 xw
' Pirrang - 1240 W
.. Kalaktang 2.2 1x0




¢ Iy 1.'.‘“
8, Zesu
Lo Menipups

1, leimakheng (Stage I)

(14)

122
44

41 %9 kw
3 2% kw
4 = 100 kw

600 W,




1T, Hirechal

50l

Ll Jurmu & Kachnips

Pundu ¥ eohtwar

Rong tong

toll
killar
Rupktl
sSissu
™irot
Banar
Neosal
Binwa

Tungday

deghg

Along
Towang
Zero
Sirrang
Tuting
Lalekring
Tuksing
Anini

462
27 X
7.7 8

17 u

4 x
173 M
3T n
9 n
27,7 &
256 X
175 8
156 M
220 M

3 X
21 M
23 N
156 ¥

3‘.5 .

2.8 M

Anntalled Cpesctgy

23100 kw
2x100 Xw
2x100 kw +1x300 kw

5x250

2 x %00 kw

4 x 00 kw
4 x 500 kw
4 x 500 kw
3 x 500 kw
$Sx%
Sx 0 ke
Sz ¥ kw
2 x5 kv




-

)

Je
4.

Y1, Bhutegs

1.

Y11, Afgbepistans

k
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Leinakhong (5tage II)
Rangarugkhong
Kharaal ak

Likrurilok

Lokohao

Nongar

YY1 XYY

™a

%23 %

nu
2

4R

3 = 90 kw
%00 kw
13500 kv
%0 kw
%00 kv

3 = 190 kw,

3 x 29 kw,

2x100 kv &
2100 kw

3 x 085 e,
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