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/




O

| “'| £ 2
2

22

2

e
IL2s flis e




3
g\
—
Il

- . N am> § p a o

D=—

S (1'.
\QESs .Llligf I ‘:”E::’ l Distr.
7~ LIMITED
1D/5G.329/5
. o 22 May 1981
United Nations Industrial Development Organizatioa ENGLISH

Second Seminar-Workshop/Study Tour in the
Development and Application of Technologr for
Mini-Hydro Power Generation (MHG)

Hangzhcu, China, 17 October - 2 November 1980
Manila, Philippines, 3 - 8 November 1980

MICRO-HYDEL GENERATION :I' INDIA*

by

Tanaji A. Deodas™**

g%?i

* The views expressed in this paper are thcse of the author and do not
necessarily reflect the views of the secretariat of UNIDG. This document
has been reproduced without formal editinaz.

** Director, Central Electricity Autrority, Ministry :{ Energy,
New Delhi 110022, India.

V.81-25772




1. PRESENT STATUS

Micro hyéel, which could be tszken as covering smell
capacity hydro elesctric rrcijects, can be broadly
categorised _» Indian conditions as :

i) Small independent hydro elestric rrojects in
the hills, meinly Himalayan, wher: small
perennial streams are available, These are
nostly of medium/righ bhead; utilising smell
discharge and

ii) Small installations in the plains and other
regions which atilise water regulated for
other purposes, e.g. irrigation canels,
small dams, ctc. These are usually of 1low
head utilising largzer discharges.

Schemes of both these tyses nave been developed in the
country from very early times. TFirst micro hydel plant
was installcd at hill resart, Darjiling in 1897, having
capacity of 200 kW. The development grew steadily over
the years, Wwith the alternative of Ziesel generation
that became possibdle zftervards, small hydel generation
fell into vackground. Alsc India possesses a large
conventional hydro potantiel. Orly about 0% of this
conventional potential hacs been tapped so far, However,
with the cost of fuel going up over the years, the small
nydel development has received zn irpetus, Many more
are continuing to be developed at wresent., A number of
further omnes are under invecstization and formulation,
At present, 88 schemes are in operation in almost 211
parts cf the cowntry. Detaile<d information in respect of




these is as follows :-

Catugory (i) - Zilly regicn
No, of No, of Installed
Schenes units capecity kW
In cperatim 62 16 1 8938
Under constructian 27 64 17100
tnder investigation/
formulation 30 43 28300

Categary (ii) - Plains

In operation 26 70 495,300
Under construction 14 52 490,000
Under investigation/

formulation 22 56 314,500

Micro hydel in hillv areas

Small indeperdert hydro electric schemes in the hilly areas

are being constructed for mceting local needs of isolated areas
and also for feeding into the State grids of the hilly States.
Both these types of schemes exist in the Himalayan region
covzring Stntes of Jammu & Kashmir, Himachal Pradesh, Sikkim,
West Benzal, Arunachal, Nagaland, Manipur and Meghalaya, In
the Himalayan region'of Uttar Pradesh also quite a number of
gmall hydro-electric schemes have been constructed for local
needs, The unjit rating installed in these regions vary from

5 kW to 1000 kW,

Schemes on canals, etc.

India has a large network of irrigation system on its rivers
in the plains, Majority of the schemes are purely for
irrigation purposes. However, there has veen a good spurt for
utilisation of amall heads on the cana. wherever it is
economically feagible either 2% the head regulatrs or falls
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in the canals. The Stzte authcrities are exarining the
possitilities of installation 2t the irrigatia: dams
coenstructed earlier for power zsneration. Utilisation
is also being considered by remodelling many cznals
like Western Yamuna in Haryana.

2. POTENTIAL PROSPECTS

- India has a2 considerabic potential for micrc hydel
generation, In the wake of uncertainities of future
fuels, vpotential survey for schemes for low head
develooment has been iritiated., +The low head canal
tyre schiemes are esseatially secondary in nature and
can be develoved cnly in corsonance with the
Aeveloment of the main systems of irrizaticon, ete.

On preliminary data ccllected from the various State
authorities, the potential of this natwre is likely to
be of the order of 3 million kW,

There is also consideractle potentizl far micro kydel
schemes in hilly regions. Eowever, pctential survey
for independent micro hydel sckemes in the hilly
regions is rather difficwlt 2s topographical
inforfnation 2z well as competent hydrolegical
informetion camnot e icund in the same nanner as to
the degree of fineness needed in the conventional
cases. Thie State Authorities have been advised to
lawmch a vigorous drive for reconnaisance and
collection of fizld dcots for identification orf such
schemes. On a2 rough estimate potentizl of this
nature would te of the crizr of 2 million kW,

Tne mierc nydel scremes in tire niily region are
mostly for utilisation in the local region, The
generation is utilised fcr electirification and also
for amall rural indusiries, if they 2r2 mesent,
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The small hydel development in the plains, however, is connécted
to the nearby grid as grid lines are zvailable almost ail over
the plains. It is thus difficuwlt to indicate the specific
purpose for which the micro hydel generation is being utilised.

3, ORGANISATIORAL SET U?

India is a large Republic cowmtry divided into number of States.
rower generation is a2 concurrent subject that is both Central
and State Governuents are concerned with the power development,
The overall planning is done by the Centre in their organisation
celled "Centra) Electricity Authority". The actual executim
of hydro projects for small generation rests with the State
Authorities. The organisational set up for planning, investiga-
tions and execution varies from State to State. But gemerally
speaking, it is done either by the Govi. Agencies or the State
Electricity Boards which are semi-Covernment arganisations.

The State Government Organisations are headed PY Chief Engineers.
There may be seperate Departments for Civil works and Electrical
warks., On civil side there may be separate organisatians each
headed by a Chief Engineer foar different works, such as
investigations and planning, ex2:ution of irrigatiom projects,
execution of hydro projects, etc. depending on the size of the
State. On Electrical side also the Chief Engincer may be one

or more,

T™he State Electricity Boards are headed by a Chairman with a
number of fembers to assist him., The organisations wunder
them are hcaded by Chief Enginccrs. The set up below Chiief
Enginecr may be generally same in both fthe cases. The

Chief Engincer is in-charge of a number of circles which are
diviéded into Divisions and Sub-Divisions., Thc rrcliminary
data fer planning of a power station, investigaticns,
availability of facilities for construction etc. is carried
out by civil organisations, After the rreliminary
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imvestigations the data collected by the civil authorities
is discussed with electrical organisation, these two
organisations have to work in good liaison. After
discussions the project report is finalised by the civil
authorities in consultation with the electrical '
organisation., Such a project report is required to be
examined by the arganisation in the Central Govermment
(CEA) if the estimated cost. of the project exceceds

certain 1imit, The Centre scrutinises the scheme and
gives its sanction for executiom.

The construction of the project is generzally incharge of
civil organisation., This organisation has separate
canstruction circles who execute the project. The
equipment for the electricel works is handled by the
electrical organisation. A constant co~ordination is
maintained between civil and electrical arganisations
during executim of the project. Once the project is

N canstructed and is stabilised far gemeration, it s
handed over to the State Electricity Board fer ius
cperation and maintenance.

— 4, TECHNICAL, ECONQMIC AND ENGINEERING DATA

In the recent past about 53 units of category (i) and
7 wmits of category (ii) have been installed in the
contry, The wmits of categary (i) are of the run-of-
the-river type. The discharge in the river is maXimum
dwring summer and monsoon months which covers almost
haif the period of the year fram April to September,
The discharge irn the winter month- comes dowm
' substantially.

Civil works - The river waters are Giverted by
constraction of a amall dam nr a weir with small intaxe
works, The waters are taken over the water conductor




system which would have a length varying fram 2bout 1 km to

3 km depending upon the head that can be economically
developed. Tre water canductor system would comprise of a
system of tunnel, open channel, cut and cover conduit, a2 small
forebay and head works from where small lengtn of penstock
would take off to the power nouse., Depending on the
topography some of the features mentioned above can be
eliminated. The power house building is made as simple as
possible. There may be a small tail race channel for dropping
the vater discharged in thz power house either back into the
same river or some other hilly stream.

Electrical and mechanical works - The generating units
installed recently in these power stations have ratings varying
from 50 kW to 1000 kW. The heads utilised vary from 30 metres
to 200 metres. The hydraulic- turbines in these power houses
are of the conventional type - either of Turgo-impulse or
Francis tjfpe. The auxiliary systems in the power house are
also made 2s simple as nossible requiring less maintenance and
repairs to the equipment, All the units in these power statioms
have been manwactured indigenoudly.

0f the category (ii) recently two power stations have been
consiructed on the canal system of Kosi and Gandak rivers in
Bihar. These power stations are ouilt on the canals taking

off from the parrage itself and utilise heads as low as 3 to

4 metres, " There are, therefore, no elaborate civil waorks required
excert a power lLiouse building. Bulb type of generating units are
considered most favourable for such low head generatian, There

are also *wo major schemes having unit ratings of 8 MW and

15 MW wnder constructi.n in the cowmtry which would utilise

bulb type of units.

The complete design and engineering for 211 the Indian projects
inciuding feasibility reports, plaming, construction and
commissioning of civil, elactriczl and mechanical works is

dcne by the Indian engineers.
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Economics - The cost of micro nydel imstallation ranges
from Rs.5000 to Ks. 10,000/k¥% installed (Rs.100 =
U.S.8 12.5). The power stations have been constructzd
either by the State Government Authorities ar by the

tate Electricity Boards z2nd are firnanced as well as
owned by the Government, After the commissianing of

the wnits, the operation and maintenance ot the power
stations is entrusted to the State Electricity Boards.
The respansibility for {the maragement, revenue, etc.
also rests with the State Electricity Boards.

5. SALIENT TECHNO ECONQMIC FEATURES

The construction of the micro hydel projects has been
made as simple and economical as rossible. The design
of the civil featuwres is so ciiosen that maXximum scope
for utilisation of 1local men and material is possible.
Some of the novel features of construction are as
follows :-

If the discharges are amall a drcop-type weir is ideally
sui ted for diversion structure. The drop-type weir _
consicsts of reinforced concrete trough constructed just
below the bed level. on the stream with trash rack bars
fixed at the top. The trough is given longitudinal
slope so that the required dischargz is drawn into the
intake and also to flush out the heavy silt deposited
by the water during the mo-soon.

For water conductor system wooden flumes or galvanised
iron sheet flume or even pre-cast concrete flumes
have also been adcpted. The topographical and
geological condition sometimes preclude adoption of
open flume particularly in steeply falling hilly terrain,
T"his may 2130 be subjecvad to occasional land slides.
In such cases 1t is advisable tc adopt pre-cast
concrete pipes wnich are comercially available. These
pives can be embedded in <hie trenches and dack-filled.
Such pipes also help in preventing formation of ice at
high altitude of hilly regicna.
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For penstocks, use of electric rcsistonce welded steel pipes
has been found economical. Circumferencial joints arc ma.e
at site. Bxpansion joints in the penstocks can be eliminated
al together when they are buried.

If a farebay structure is required in the water concuctor
system pressed steel tank can be provided with adequate
support without resorting to cxXcessive eXcavation in the hill
sl opes.

In the spall nead installations of category (ii) also
economies are echieved by simplificaticn of intake and gate
structures., The power house civil siructuwes required for
bulb type wmits is significantly less than that for
conventional Kaplan wnit, This is one or the reasons why
bulb type units are preferred for l1ow head installation
apart fram their higher efficiency.

Standardisation - Attempts are being made for standardisztion

in as many features as possible. This is possible in civil
works, layouts of the power staticn; gate arrangement and
auxiliary and ancillary equipment utilised in the power house.

Economic considerations: - The conventiocnal hydro power
stations which are being constructed in large number and
also utilising a large rating of the generating wmits have
an installation cost “varying from Rs.3000 to Rs,7000/kW.
The cost of the micro hydel generation schemes considered
econcmically feasible varies from Ks.800C to Rs.15000/kW.
Of course there are no hard and fast rules of economic
feasibility as other factars such as urgent need as well as
resources of a particular State aleo play an importent part
in taking up the scheme. The figwres mentioned in tiis
narer hold good for the present tine.
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6. CATABILITY CF MANTFACTURING FTRMS

There are three 1indigencus firms who have bYeen in
producticn for quite some time. Out of these, one is

in the public sector and two in the private sector, )

The firm in the public sectcr has bean manufacturing
equipzent for small hydro gereration of comparatively
bigger rating (5,000 kW to 15,000 kW), The equipment
-manufactured by this firz is in operatimn quite
satisfactorily for rumber of years. The firm has so
far manufact..red wmits of conventional type, i.e. Kapnlan
and Francis. The firm is presently ieveloping
manufacture of bulb type of construction of the
generating wnics, It is envisaged that requirecent far
future buld wits would be met by the firm,

The two firms in the private sector have specialised
in the manufacture of equivment required for
insiallation for Category (i). The design of the
turbine is of Turgo-impulse ar Francis. Ore of these
firms have manufactured quite a large number of units
having rating upto 3,000 k¥. The other firm has come
up recently and has supplied comparatively less number
of generating units. '

There is one more firm in the public sector which :is
Plarming to take up manufzcture of small turbines for
micro hydel generation., 7The plans, however, are in the
initisl stagzes and the actual manufacture is likely to
take some time,

The three firms vwho are ir production depend entirely

on the local facilities for manufacture of the genecrating
units except specialised stainless castings know-how

for which is being develcred in the country. All the
comgomen*s required for generating units and auxiliary
equipment are als» manufactired in the cowntry. In fact,
the coumtry is sel{-sufficient in the moduction of

hydro generating equictment of almost all categories.
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Design and Ingineering for the micrc generation projecis as
vell as thc equipment is availatle in the counitxy. '

7. TPROGRABMES FOR DEVELOPMENT AND TRAINING

The C.E.A. Who is the organisaticn of the Central Gouvernment
is responsible for overall planning for power development
in the cowmtry. The CEA has been encouraging States to go
in for construction of small hydel as much as possible.
With the availability of generating equipment for low head,
the programme is expected to get greater impetus, The
future prigramme euvisages instailetion of small units at
the existing irrigation dams and also remodelling of canals
for utilisation ol head viherever possible. In the
Himalayan region, develomment of M.X.G. is governed by the
uwrgent local needs as this would be t' e only scurce of
generation in these regions,







