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Energy is one of the most important inputs in the process of development.
It appears from both historical and cross-sectional inter country studies that
energy consumption and economic output are highly correlated. In its quest
for increasing availability of energy, India has adopted a blend of
conventional—thermal, hydel & nuclear-sources, and of late, emphasis is
also been laid on development of non-conventional energy sources.

2. Energy from small hydro is probably the oldest and yet, the most reliable of

. all renewable energy sources. In India, our ancestors have used this energy
for grinding foodgrains for centuries; with the result that our expertise in this
sector today is at par with the most developed nations in the world. The
advantage of this resource is that it can be harnessedalmostevery wherein
India—from any nearby Streamor canal—in the most environmentally benign
manner, and without encountering any submergence, deforestation or
resettlement problems. )

3. In order to provide a sharper focus to this resource, the Government of
India have given the responsibility of developing small hydro upto 3 MW to the
Ministry of Non-Conventional Energy Sources(MoNES).MoNES hasalready
declared this athrust area for its 8th Five Year Plan and has announced
numerous incentives to spurt activity in this Sector. Dissemination of
information is an important part of this endeavour. | am very happy, therefore,
tolearn that Urja Bharati is coming out with a special number on Small Hydro
PowerDevelopmentwhich will catalogue all these incentives and inform its
readers about the latest in this sector. | wishall success to this effort.
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(SUKH RAM)
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Small hydro programme is a thrust area for MoNES in Eighth Five Year Plan. To make this programme
successful, numerous policy measures have already been announced. These include, capital subsidi_.r for
projects in remote areas, soft loans and financial assistance for training courses. On the technical side,
MoMNES has already taken initiative to .

Induct state of art technologies in the country. Siphon intake technology, for example, has already
been successfully used in one low head project and three more are under construction.

Accelerate electro-mechanical and civil works standardization efforts to reduce costs. A World
Bank/UNDP funded study to standardize irrigation canal/dam based schemes from 3 meters to 30
meters head into only 6 type-designs has been completed. A similar study to standardise hill hydro
schemes through a possible UNDP/GEF funding to the tune of US $ 7.52 million has been initiated.

Announce incentives for preparation of DPRs (Detailed Project Reports) through reputed
consultants so that a ready shelf-of-projects is made available.

Evaluate existing DPRs/Feasibility Reports/On-going projects at MoNEScost by engaging
consultants so as to learn from existing experience as well as decide on the need for central
techno-economic interventions, if any.

Increase manufacturing base for hydro equipment as also small generator; there are by now 10
manufacturers for turbines and five for generators.

Publish standard guidelines on small/mini/micro hydro power projects.

Generally attempt to prove the superiority of small hydro over other alternatives available in remote
and non-grid connected areas.

The Department is also negotiating with World Bank a loan of around $70 million to take up
projects coming out of theustudy already undertaken. '
| am very happy to learn that the August 1992 issue of Urja Bharati will be focussing on some of
these development for the information of our valued readers. | would be personally grateful to
suggestions/ reactions on this issue, which would help us to improve our small Hydro
programme even further.

Ao
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EDITORIAL

Energy is a vital input for economic and social development.
Indeed it is the fulcrum on which rests the future pace of growth
and development. As the tempo of development increases, the
demand for energy also increases.

@

Since independencd India has multiplied electricity generation
capacity over 50 times—from a meagre 1362 MW in 1947 to over
69,000 MW in 1991.92. Units generated have also leaped from 4
billion units to around 280 billion units, in the same period.
However, pressures of a developing economy necessitate a
considerable increase in generation capacity with every passing
y{*a@indeed. despite a per capita consumption as low as 208 kg
oil equivalent (compared to 5000-8000 kg. for developed
countries ), India is still facing an acute energy shonage—this is
currently of the order of 8.5%, with a peaking shortage of 17.7% in
199192 for the country as a whole,

In its quest for increasing availability of energy, the country has
adopted a blend of thermal, hydel and nuclear sources. Of late,
emphasis is also being given on non-conventional energy
sources—hiomass, solar, wind, small hydro ete.

Small, mini or micro hydro is one of the well recognised
renewable source which can provide electricity especially for the
rural, remote areas and hilly terrain in our country in a cost
effective and environmentally benign manner. A potential of
nearly 5000 MW has been identified from the small hydro source,

Annexure

of which only a fraction could be hamnessed so far. The
development of small hydro (upto 3 MW) energy potential has
been identified as a thrust area during the Eighth Five Year Plan
by the Ministry of Non Conventional Energy Sources (MoNES).

It is to highlight the imponance of the small hydro energy
resource available in the country and to attract both public utility
organisations and private entrepreneurs to come forward for
tapping this resource, that this quanerly issue of Urja Bharti is
being devoted primarily to the mini, micro & small hydel energy
development. It is a matter of privilege that an institution of the
eminence of University of Roorkee (Alternate Hydro Energy
Centre) has come forward to bring out this special issue in
coordination with MoNES Government of India.

The economics of a mini hydro scheme may also be of interest to
the prospective public wtility organisations and private
entrepreneurs interested in the programme, and therefore a
summary appraisal of a specific case by IREDA at the time of
considering financial assistance, is also indicated in the following
annexure which indicates reasonable internal rate of retumn,
especially with the support provided by Ministry of Non-
Conventional Energy Sources or with soft term assistance from
IREDA.

Ll el

SUMMARY APPRAISAL OF A FROPOSED MINI HYDRO SCHEME (2x 1 MW)
IN THE STATE OF ORISSA (BY IREDA):
Project Details :
Capacity — 2x1MW
| Data :
— Design/Maximum Discharge — 20 cumecs
= Design Head = 11.81m
— Availability of fiow ~ 350 days
— Annual energy generation  — 59,50 lacs units
— Uitilisation — tobefedin 11 KV local grid
Praoject cost/Performance
Cost of project — Rs. 4.13 crores (of which
promoters contribution
Rs. 1.39 crores)
Cost of installation — Fs. 18,300 per kW (as per CEA
pattern)

DK MITTAL
JOINT SECRETARY
MoNES, Govt. of India
Cost of generation = Rs. 1.16 per unit {as per CEA
pattem)
Sales = Rs. 50.57 lacs per annum
Cross surplus — Hs. 44.90 lacs per annum
Financial/Economic Without Subsidy With MoMES =
Indicators: interest subsidy
IRR 99% 13%
Employment (Direct)...............Fourteen persons
Energy consenvation................. A344 tonnes/yr of coal
equivalent worth
Fs. 18.46 lacs
* Interest subsidy has been discontinued. Capital subsidy is being
offered discribed subsequently.

URJA BHARATI
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SMALL HYDRO POWER

Some Major Issues

Commodore Narindra Singh

The utility of small hydel power stations for rural uplift needs no
emphasis as such installations are invariably in rural and the
remote and hilly areas of the country. Through standardization,
adoption of canal or cluster approach so as to achieve larger
volume and tumover, and careful planning to achieve shon
gestation periods, small hydro installations can prove to be
competitive with thermal, diesel, gas based or large hydel
stations. Besides being highly reliable, small hydel power
projects also have the distinct advantages of being
environmentally superior requiring no resettlement or leading o
deforestation or submergence and have reduced transmission
and distribution losses. Such installations also do not contribute
to the infamous greenhouse gases or cause damage to the
stratospheric Ozone layer. A big thrust is, therefore, being given
to rapid maximisation of micro, mini and small hydel schemes,
bath on canal falls and irrigation dams and natural falls in hilly
regions of the country. This strategy has shown distinct results
both in reducing capital and recurring costs and commissioning
schedules - since Feb. 1989 when the subject matter was
transferred to the then Department of Non-Conventional Energy
Sources

SMALL HYDRO POTENTIAL

2. The potential of small hydro power (upto 5 MW capacity) was
estimated by the Central Electricity Authority over a decade agoto
be of the order of about 5000 MW. This potential remains largely
untapped.

APPROACH TO MAXIMIZATION OF
SMALL HYDRO CAPACITY

3. A large decentralized programme can only succeed if the

_grasstoot and other appropriate levels are involved in its

planning and implementation. At the same time, in a capital
scarce society every renewable energy system has to establish a
niche for itself based on its own economic and social merits.
Costs on small hydro schems can be controlled if the
electromechanicial equipment, constituting 50-75% of the
project cost, can be reduced in size, complexity and bulk through
adoption of state-of-an technologies on the one hand and,
achieving 'Volume effect’ through a large number of such
equipments being ordered for supplies on the other. This is
necessary in order that equipment manufacturers can tool up,
manufacture, supply and commission state-of-art technology at
competitive prices with reasonable profitability. The second
significant component of the project costs relates to civil works.
Here again the approach has to be toavoid large by pass channels,
carefully design the layout, increasing the available head by

combining adjoining drops and designing the civil works whi'ch
minimize excavations and requirement of steel and concrete,
while enabling operation of the equipment at the full supply
level. The third imporzant, but not insignificant, cost component
relates to the recurring costs.

The small decertralized hydel stations cannot remain cost
effective if loaded with high man power costs. The technology
must, therefore, be sufficiently automated not requiring
continuous watch keeping and with controls which ensure safety
of equipment and life in case of grid or other systems failure.
With the above approach, we have endeaioured to closely
interact with and involve Electricity Boards, State Nodal and other
agencies implementing small hydel projects, the equipment
manufacturers, consulting engineers and financial institutions. As
a consequence, a large number of proposals have been initiated
in the past few years which are being examined and carefully
studied to bring them under an overall umbrella of
standardization with amached benefits. Interest in the
development of micro/mini and small hydel projects is now
evident everywhere in the country and indeed also with the
multi-lateral and bi-lateral financial and donor agencies.

UTILISATION
POTENTIAL:

4. 11/ projects with installed capacity upto 3 MW have been
commissioned in India since independence with an installed
capacity of 8652 MW. Another 111 projects are under
construction and installation with an aggregate capacity of 127.50
MW. the Eighth Plan proposals envisage a further capacity
addition of 256 MW

DEVELOPMENT OF
MANUFACTURING
CAPABILITY

5. The effort has been to put the engineering manufacturing
concerns in the forefront of small hydel development, as distinct
from tradirlg houses. State-of-an technologies having already
been developed in the world, Indian engineering concerns were
enabled to impon such technologies and gradually miodify to suit
local conditions and markets. For instance in the westem
developed economies, materials are cheap whereas skiiled
labour is highly paid and expensive. The reverse is the case in
India. The product mix of material and labour costs for various
components for equipment and machinery to remain cost
competitive may be different. Therefore twols of value

OF SMALL HYDEL

INDIGENOUS
CAPACITY AND

Commodore Nerivdra Singh is Advisor in the Minéstoy of Non Conventional Energy Sources, New Delhi 110003
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engineering will need to be applied meticulously by our industry
to optimise their products and services to suit local conditions.

INCENTIVES OFFERED BY MoNES
6. With a view to encourage cost effective small hydel stations and

standrardisation efforts, a number of incentives have been
extended as described elswhere in this issue.

STANDARDISATION APPROACH

7. In a vast country like India, with diverse terrains and agro-
climatic regions, the opponunities offered and problems posed
by small hydel development vary vastly. Therefore, the small
hydel stations at irrigation canal falls arid dams, mostly in foothills
and plains, being easily accessible and close to regional
electricity grids and with lower head drops but larger flows
require a different technical and management solutions vis-a-vis
micro, mini and small hydel stations in remote and hilly regions
which are largely nongrid connected and having relatively
higher head but lesser water flows. In terms of capital and
recurring costs the hydel installations in remote and hilly regions,
often not easily accessible, are more costly. However such
installations have the distinct advantage of replacing diesel based
power generation, and if, through suitable incentives,
popularised for cooking and other domestic services can save
valuable forests, bindiversity and prevent soil erosion, besides
improving quality of life in disadvantaged regions.

As regards standardisation, the canal fall and irrigation dam sites
have been found to vary between 3 to 30 m head and 5 to 50
cumecs discharge. Below 3 m head such sites are not considered
to be cost effective at present. Adopting six type designs, the
design head drops have been standardised for 3, 4.25, 7, 10, 13,
15, 21 and 30 m whilst the design discharge adopted are 5,7 5, 12,
22.5, 30 and 50 cumecs, The corresponding generator sizes have
been standardized in 350, 630, 1000, 1250, 1500, 2000, 2500 and
3500 KW ranges. Invariably for grid connected systems, induction
alternators are now prescribed as these do not require expensive
governing systems and thus help to make the grid connected
small hydel stations very cost effective.

For the non-grid connected micro, mini and small hydel stations,
a formulation for standardisation is being worked out. However,
for the micro hydels, the generator will invariably be of 50 KW or
100 kW rating and bevond that the generator ratings mentioned
above for the mini and small installations will be used. Non-grid
connected systems will however be fitted with synchronous
alternators so that load variations can be taken care of without
affecting voltaze and frequency.

ADDITIONALITY OF
RESOURCES

B. With a view to making grid connected small hydel stations on
canal falls and irrigation dams bankable, the World Bank was

FINANCIAL

invited to examine this sector along with the Gowt. of India. A
study conducted jointly by the UNDP/World Bank Energy Sector
Management Assistance Programme (ESMAP) on the canal falls
and irrigation dams in the states of Andhra Pradesh, Karnataka,
Kerala, Punjab and Tamil Nadu had concluded that 52 such sites
between 3 to 30 m head offer economic solutions if developed
adopting the standardised designs and equipments as mentioned
in the preceeding paragraph. The World Bank is now.expected o
a gve a loan of USH 70 million for this activity through our
financing agency Indian Renewable Energy Development
Agency Lid. (IREDA). This activity would, by now, have been
blooming but for a World Bank belated condition to encourage
only the private sector concerns. It is to utilise World
Bank financing, when made available, for similar canal falls and
irrigation dam sites in other states in the country.

As regards the micro, mini and small hydel stations with their
local distribution systems in remote and hilly regions, the Global
Environmental Facility (GEF) was approached with a project
proposal which helps to develop technologies and systems and
address the global concems of global warming and biodiversity.
The GEF has agreed in principle to finance a project on
“Optimising Development of Small Hydel Resources of Hilly
Regions” in the country with a grant of 11S$ 7.52 million under the
GEF fund of UNDP. The formalities for execution of this scheme
in hilly areas are being firmed up.

CONSTRAINTS/MAJOR ISSUES

9. Power generation and distribution, though on the concurrent
list, is basically a state subject specially for schemes with a capital
outlay not exceeding Rs. 25.00 crores which can be taken without
clearance from the centre. The endeavour, therefore, is to
promote the activity by providing requisite assistance to the State
Gowts, In view of the World Bank conditionality that the schemes
posed for World Bank financing should be mainly implemented
by private developers, the State Govemments have been
requested to lay down policy and guidelines to enable privatg
sector generation. Fairly good progress has been made in this
direction in sume of the States like Karnataka Tamil Nadu and
Guijarat. Similarly for the non grid connected systems, it is
necessary that entrepreneurs be allowed to operate as licensees
of the State Electricity Boards to generate power and distribute
and sell it at prices which ensure economic viability of the project
and provide electricity to the di hamlets, populations
and small scale industry in the remote and hilly regions of the
country.

Under both these schemes it is intended to accelerate the pace of
development and to reach grassroot levels to achieve
involvement of the people and to ensure success of the schemes
for micro, mini and small hydel development.

URJA BHARATI
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SMALL HYDRO POWER DEVELOPMENT IN INDIA
An Overview

Arun Kumar

Background

Energy from flowing waters is probably the oldest renewable
energy technigue known to mankind. In India, the earliest
reference to extraction of mechanical energy from natural
streams dates to the 12th century. The transition to electrical
energy, however, could be made possible only by the 19th
century; which is quite on par with similar developments
elsewhere in the world. In fact, whereas the World's first ever
small hydro electric station was installed in USA in 1882, the first
such station in India, of 130 kW, was set up in Darjeeling hardly
12 years later in 1897, This was followed by two 100 KW' -nits in
Shimla in 1908 and so on. Since independence, however, the
tempo of developing such small stations has somewhat
slackened, with the result that by 31st December, 1991, the
installed capacity of small hydro plants upto 3 MW unit size was
hardly 82 MW in some 113 projects.

The worldwide revolution in oil exploration and processing
coupled with huge urban and industrial need for electrical
energy, which could only be met by big hydro or thermal stations,
are some of the factors contributing to this situation. However, in
recent years, questions of environmental degradation, siltation of
reservoirs, relocation of oustees and long gestation periods
associated with big dam based hydro projects have forced a
re-look at this entire issue of big vs. small hydro development all
ower the world including India. In the coming two years in India
alone, more than 109 MW capacity, it is estimated, can be
commissioned in this sector with the right mixture of financial
and technical assistance. Against an estimated potential of
S000 MW, hgwever, this is nothing much to talk about. We can
definitely do much more than this, if we want to convert this
extremely reliable of all renewable sources of energy into the
most cost-effective solution for, at least, our remote, far flung and
hilly areas.

Itwas probably in this background that the subject matter of small
hydro development upto 3 MW capacity, was shifted to the Dept.
of Non-Conventional Energy Sources (DNES) from the
Department of Power in February, 1989. Lately, DNES has been
intensively considering and evolving a number of incentives for
developing this sector. But, a natural question is, why should
incentives be at all necessary for such a sector as small hydro,
where basic technologies have been available for centuries?
Briefly, the reasons are :

a) The technologies involved in the development of small
hydro, being miniaturised versions of larger stations, are
more expensive than big hydro on per kw basis. This is not
something unique to this sector, as price differences
between such products, as a 207 color TV and a 14" or 37
color TV (calculated on per inch basis) would readily
indicate. While various approaches tried out by DNES and
elsewhere can ty reducing these costs by cutting out on

unnecessary investigations, safety requirements and other
redundancies, there are obwious limits to such exercises.

b) The per kw administrative and managerial costs are higher
for small hydro projects, than for big hydro as a minimum
complement of staff has to be deployed regardless of the
size of the project.

{(c) While for reasons of environment, safety and reliability,
there is a world wide movement towards the sector of small
hydro, (almost reminiscent of the present day movement
towards desktop or porable PCs from the yesteryears
mammaoth centralised mainframes), the Indian SEBs and
other Investor Organisations are still hesitant, for the reasons
mentioned above at (a) and (b), to look at this sector with
any great enthusiasm.

d) Incentives are also necessary for levelling the field at the
fiscal level, as small hydro is the only sectdr among
renewable energy technologies, which does not as yet enjoy
either 100% depreciation under the income tax or any
exemptions or concessions under the Excise, Customs or
Sales Taxes. Many SEBs have, therefore, for justifiable
reasons found it more beneficial to invest in a sector like
Wind than small hydro, inspite of the fact that the Latter has
certain inherent advantages such as the ability to provide
energy round the clock, availability of rugged indigenous
equipment etc.

e) Finally, incentives are necessary to spur demands in this
sector toa level when economies of scale start operating and
when intense competition among manufacturers makes
continuation of any such incentives superfluous.

Working Group Recommendations
Taking all these factors into account the Working Group set up by
the Planning Commission for the 8th Plan for DNES came to
recommend a target of over 831 MW for small hydel against a
DNES share of Rs.824.60 crores. While resources to this extent
may not be available, a case for a minimum budgetary support of
at least Rs. 300 crores, which should then atract an additional
investment of Rs. 430 crores form financial institutions etc.; thus
ensuringa total inflow of around Rs. 730 crores or so to this sector
by 1997, has already been made. The revised 8th Plan for this
sector has been formulated accordingly.

Priorities

In any case, before implementing any programme, one will have
to determine its various components and the interse priprity
allocated to them. For the small hydro development programme,
these have been tentatively delineated as follows and therefore

the proposed budgetary support could be allocated as shown
below :—

Shri Arun Kumar is Deputy Secretary ( Small Hydro Power ) in the Ministry of Non-Conventional Energy Sources, New Delbi- 110003
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Small Hydro Power Development on Canal Falls

CANAL INTAKE
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Typical Arrangement of Small Hydro Power Station
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Exp lanations :
priorities sites are expected to have the-shortest gestation
periods and give the most effective value for money because
no new site surveys or environmental clearances may be
required @1 crore/MW with DNES share limited to
0.5 crore,/ MW, the allocations proposed can thus lead to the
creation of 60 MW capacity.

I priority sites will be requiring very little financial outlays but
will lead to tremendous multiplier effects in the economy of
far flung hilly villages. @ Rs. 15000, gharat with DNES share
limited to Rs. 5000/gharat, the outlays proposed can easily
lead to the upgradation of 10,000 gharats and also almost
10,000 kw of installed capacity, apart from providing for
training, demonstration etc.

I priority sites are expected to serve remote, hilly and mostly
unelectrified areas with setting up of local grids even though
their implementation may be more time consuming with
higher per KW installed costs. @ Rs. 5 crore/MW, therefore,
with DNES share on an average limited to Rs. 2.5 crore/MW,
this could lead to the hamessing of some 36 MW of new
capacity.

IV priority sites will conserve hydro energy presently being
dissipated away; help in improving hydel/thermal mix and
above all, help in meeting agricultural electricity loads in
times when they will be rEqulredmemm_ Because of better
infrastructural suppor, easier availability of credit from

URIA BHARATI

bodies like World Bank etc. is n.  likely for these sites.
@ Rs. 3 crore/MW, therefore, with JNES share limited 1o
Rs. 1 crore/MW this sector can easily yield over 150 MW
within the outlays proposed.

Manufacturing Infrastructure :

India, as is well known, has a rather proud policy of strict self-
reliance in which imports, even for critically needed items, are
discouraged in favour of impont substitution efforts either
through indigenous R&D or through technology transfer
contracts against set limits of royalty or lumpsum payments or
both with prominent foreign firms. In the field of small hydel
development, this has already resulted in technology transfer
tie-ups with 9 prominent manufacturers of the world. These are as
follows ;

Sl. Name of Party Foreign collaborator/
No. country
1. "M/sJyoti Lid M/s Escher -Syss of

Switzerland - now expired
2.  M/sBest& Crompton  M/s DUMONT Neyrpic of

Engg. Ltd. France

3. Boving Fouress Pvt. id.  M/s Boving & Co. of UK

4. Flovel id. M/s Tempella of Finland

— now expired.

5. Larsen & Toubro Lid. M/s Voith of West Germany

6. Punjab Power Generation M/s Voest-Alpine of Austria
Machines Led.

7. Steel Industrial Kerala M/s Koessler of Australia
Ltd.

8. Bharat Heavy Electricals  M/s Neyrpic of France — -
Ltd. now expired

9. Triveni Engineering M/s Esac Energie of France
Works Lid.

Typically, these foreign collaborations had to follow rigorously
laid down phased manufacturing programmes in which the
import content was to be reduced from an average of 30% in the
first year of manufacture to less than 10% in the Sth year of
manufacture. At the present level of production, however, it is
found that the manufacturers are still required to import items
such as Runners, Governors, Runner Servomotors, Self
Lubricating Bearing, Spherical Bushes, Shaft Seals, Sliding Pads,
Gear Boxes, Flexible Couplings, Frictional Couplings, Shrink
Disks, Turbine Bearings, Stainless Steel Plates, Compact Rod Seals
etc. Most of these imports, however, have to be resorted to under
specific import licenses and subjected to relevant impont duties;
which have been considerably liberalised after the budget of 29
February, 1992, k

Against this, items which have been indigenised to some extent
and are no longer imported in any great quantities are : Wicket
Gate Servos, Shrink Discs, Flexible Couplings, Frictional
Couplings, Pumps, Hydraulic Power Plates, Cranes, Butterfly
Valves, Spherical Valves, Compressors, Bulb Housing Domes,
Seamless Pipes, Generators, Control Panels Gear Boxes,
Transformers, Qil Circuit Breakers etc,



