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FOREWORD

In India the development of small hydro and other renewable
sources wi?h rather modest potential of each is talking place in a
somewhat pecullar environment. Electricity generation and dis-
tribution network i=s facing problems of insufficient peaking
capablility, wvery high T & 1! losses and insutfficient scope for
load management. The above problems are typical of a system with
heavy reliance on large, centralised projects. When combined
with the c¢cost and time overruns of specially large hydro
projects, acute prower shortage of as much as 20,000 MW is likely
to be faced at the end of Eighth Plan. It is being felt strongly
that unless the system distortions wviz. thermal-hydel mix,
insufficient dispersed generation are removed, sanctioning of
additional capacity can be counter productive. Small hydro with
an estimated* potential of 5000 MW, with its dispersed nature
and short gestation period deserves greater attention, than has
been the case so far. Integeration of other renewahle sources
viz. solar, wind, agricultural and human waste is being attempted
world over to design environmentally clean electricity generation
and distribution networks,

Footnote
* BEmall hvdre potential estimated as a percentage of the
total large hydro potential is likely to be a gross under

estimation



In an anxiety +to serve about Z/3rd of India’s population
spread in more than 5 lakh villages, the present electricity
generation and distribution system has been stretched beyond its
capacity. Load shedding of 10-12 hours in the rural areas is a
reality. Small hydro sources located on canal falls, directly
feeding into the distribution network, becaunse of their dispersed
nature, are ideally suited to auvgment the electricity network, at
the rural end. Substantial cost reduction would be possible if
new canals are designed with the twin objective of irrigation and

power generation,

When integrated with other renewable sources such as
biomass, solar, wind etec., there is a distinct possibllity of
desiéning self contained, decentralised systems for rural areas,
to further relieve the NHational Grid, Reduction in
Transmission and Distribution losses, as a square of the small

hydro installed capacity would be a bonus.

It may not be out of context to mention that a similar
exercise 1s possible by recycling of waste +to relieve the National

Grid of stretching intoe semi-urban areas,

The development of small hydre potential in the hills,
however, has a different role. Far away from the electricity
network in inaccessible locstions, reguiring small amounts of

power, with acecelerated erosion of fuel yield from forests.



hardships &re IncreEssing. im Buch areas, 1t woulad De

to lay local low voltage grids, to integrate all possible small

hydro sites in the area, to even owut short term fluctuations in
the demand and supplv. There may =mtill be a need to augment the
network with & conventional souwrce, such as diesel, to meet the

peak demands.

Im the pa=st, the CEA was the sole authority for technica
and financial ascrutiny and  approval ot all oowEr projscta,
including micro/mini /emall bkydel projects proposed by BERs. Small

hydros. By their very nature, are dispersed projects. Thus a very

~

T

large number of z1tes vield comparstively less by  way of
megawatts ot installed capacity. Bio projects attracted more time,
more personnhel, more  capital and more attention. Mot enough
attention has thus been palid to the development of an indigenous
manufacturing itnfrastroucture, upgradation of technology and even
cost-effective designs of microsmini hyvdel projects.  dhith the

result thst performance never looked up and 1nterest generaliv

waned .

Further more, the idncordinately long Ttime taken to clear
projects propossed by SEds led to rapid dimunition of interest
amongst  the latter, particul ariy s no Central funding was

avallable as an incentive. A4 move towards decentralization wiz.,



the decision that mini hvdel preojects with capital cost less than

Re. & grores need not be referred to CEA, did not wvield the
desired resulte largely because the 5S5EB= themselives, in the
absence of any Central financial incentive and operating within
thes samee big project biza=, could not dedicate themselves
successfully e the implementation of minifmicrofsmall hydel

concept and implementation there of.

The DHES has been. over the last 29 months, interacting
closely with a rnumber of S5EBs to ascertain why S5EBz are reticent
about undertaking swuech projects. Somes: of the reasons ofbten stated

before are -—

i} higher capital cost. on per M installed basis;

1ir relatively low PLF and high managerial and administrative

costs on per EU instslled basisd

iiti} the dispersed nature of the projects requiring a very
Taroe number of personnel o prepare even bthe teasibilitvy
reports and DFFEe, again for relatively low gains in Lerms

~

of Miz vielded.

it would be seen, 4rom a closer scrutiny of these aroumentes
that the same large project bias underlies these stated reasons.

It has further been compounded by the prementioned factors of



inadequate attention to improving technologies, designs and

outputs of both the projects in general and the equipment in

particular.
Thus, there is every reason to ensure that a clear break is
made from this regressive situation. The design and

implementation practices that prevail in respect of large hydros,
are dimetrically opposite and have to be discarded in regard to
planning micre/mii/small hydels. For example, every large hydro
is a "unigue” project linked with a storage system. Whereas for
the small/mini/micro hydros which are essentially "Bun of the
River" unigueness has to be eschewed to provide standardisation
and economy of scale, in production and maintenance. This 1is

vital if gererating costs are to be reduced to acceptable levels.

The DNES and its AHEC located at Roorkee University have in
a short span of time, been able to gain fairly deep insight into
the whole range of activities connected with the micro/mini/small
hydro- projects. DNES has been able to gear up the R&D activity,
to provide greater direction and ensure postive and gquicker
results. The functioning of AHEC has been reorganised sectorally
and activity has been stepped up. Further, experts from
France, Sweden, US, China, UK and the EEC have interacted closely
with scientists and technical personnel from DNES/AHEC in order

to gEet a hold on improvements/upgradation of technologies of



design and equipment. Demonstration schemes have been revitalised
and projects at Jubbal (150) KW) with high head (80 m); Manali
(200 EKW) with medium head (40m) and Kakroi (300 KW) with

ultra-low head (1.8 m) have been set up.

Significant results 1in cost-reduction are being achieved.
For instance, using the guidelines lssued by CEA, the Karnataka
Govt. is executing projects at an exorbitantly high cost, ranging
from Hs. 49000/KW to HEs. B5000/EW installed. At such prices, the
whole mini hydel activity 1is likely to be slow. Focussing on
innovative designs of civil structures, new and high efficiency
designs of equipment and improving concepts such as maltiple
orders on ldentical =ites +to facilitate volume production of
identical equipment. Using this strategy, turnkev contractors
have expressed willingness to instal high performance turbines on
a turukey basis at Hs. 25000/KW installed at canal falls of about

3 M head. For higher heads and flows, the costs would be lower,

Similarly, DNES., in consultation with experts and machine
manufacturers, is looking at recurring costs, such as manpower
and maintenance requirements, in an attempt to minimise these
without detriment to high yield operations. Automation and
microporcessor controls that are robust in construction are being
discussed with well-known international designers and

manufacturers. In relation to the relatively small budgetary



allocation available, +the results achieved =o far have been

significant.

It must be appreciated that like all other renewable energy
sources, mini/micro hydels should not really be considered as
‘stand alone’ systems. Thus, there is every reason to regard
these as part of the renewable energy scens, rather than clubbing
these with large hydros as independent ‘stand alone’ power
sources, They can be best handled as other decentralised
renewable energy systems such as wind solar biomass etc. Infact
the mini & micro hydels can often be handled as integrated
systems along with local biomass, wind & solar seurces. Thus,
from +the stage of investigation, through equipment salection,
standardisation, operation and upto maintenance, etc., small
hydros require a special developmental outlook, special training
of operators and dedication to +the cause of making these
cost-effective and reliable. DNES iz already well-ahead on this
path and will be successful in its endeavours having recently
been given the responsibility for micro/mini hydel schemes upto 3

MW.

Commodore Harinder Singh
Adviser, DHES



EXECUTIVE SUMMARY

DNES cnnstitutad a subgroup on micro/mini hydel wide letter
No.1/18/88-PLG { Refer Vol II for details ). The first meeting

of the group was held on 13.01.18839 at New Delhi followed by another
meeting on 27.01.1988 at Roorkee, 3Subsequently regional meeting of the
sub - group were held at Gauhatli (8.2.839), Hyderabad (10.2.89) and Bombay
(23.2.89). The enclosed report is the outcome of the deliberations held
at these places. The Subgrour had the benefits of advice from Cdr.

Harinder Singh, Adviser,DNES.

(X It is well recognised that the exploitation of conventional sources of
energy viz. large hydro, coal and o0il in thermal power plant and nuclear
energy 1is fraught with grave risks to envircnment, and an irritrievable
erosion %o the life supporting capability of earth has already set in . The
energy plans for so called “"development” in the developed countries include
measures to improve existing energy generation systems, energy conservation
and the use of non-conventional remewable energy sources.There is a distinct
trend +to discourage installation of additional capacity with conventional
sourcaes . Hot many pressing reasons have come to light +to deviate from the

above scheme of development in India.

3. It has alsc been recognised world over that pronounced variability

with time and the dispersed nature of the renewable resources are the main



factors which demand a special design effort. It is wvirtually 1lmpossible to
design economically viable stand alone energy system with a single resocurcs.
This is precisely the reason that community biogas plants, small hydro units
for remote hilly areas,wind turbine operated pumps for irrigation, solar
powered street lights with battery back up are not finding greater acceptance
not withstanding considerable efforta in the form of money, manpower and RE&D
work. Based on a critical evaluation of the existing programmes and a
global literature survey, a fresh R & D programme as a fore runner of the

extension work in renewable energy area has every chance of succes.

4. In the case of mini-micre hydro generating systems, the Alternate Hydro
Energy Centre has gained a deeper insight into their investigation, design,
execution and monitoring activities based on the literature survey and the
experience gained on National Demonstration Projects, followed by analysis of
the results. It is the peculiar nature of the rescurce, which demands a
complete break from the design practices of large hydro projects. Any
guidelines issued for the construction of mini- micro hydel projects should
have enough flexibility to implement cost saving measure. As any major
repair of the plant during its operation can be a financial
catastrophe, strict quality control during the construction stage becomes
manadatory by encouraging local participation. The Alternate Hydro Energy

Cantre is compiling a Technical Document as a guideline for implementation

of small hydro programme.

5 It is firmly established that the cost reduction strategy of using



governcrless turbines”, generally followed during the Seventh
Plan has to be discarded. The mini/micro hydel units can be made
economically wiable, only by operating them in the "maximum energy
generation'’ mode. In fact it may be appropriate to set cost standards
in terms of unit generation cost. In the light of above observation,
small hydro units would find application in the following three

distinctly different environments: -

(i) In the electrified areas +to augment the sub-

transmission and distribution network.

o In the remote areas , particularly in the hilly
regions whera local lew woltage grid can be
envisaged as a long term measure . Initially, +the

local grid may be working in the isolated mode, if

it is far away from electrified area.

{1ii) Multi-purpose gharats to serve the localised energy
needs , which includes lighting,the rice hulling,

oil extraction etec.

6. Small hydro units because of their small size can be
connected to a large system only at the sub-transmissien or
distribution level. The widespread connection of small hydro
units in the above manner, which would be converting single

source feeder into multi-source feeders, and the associated



. Problems of dintegration with a large network, need careful

axamination at the feasibility stage itself.

The "grid operation” of small hydro units relieves
them of the requirment of load - fregquency control, thereby
simplifying turbine governor. There is also a possibility to use

Induction Generators in this arrangement.

s Small hydro wunits connected to local grids operating in
isolated mode, would need either a =storage device, or a

"schedulable” @generation source connected on the same grid to
meet the peak power demands. In addition some units, +totalling
at least 25% of the total grid capacity may have to be on load-
frequency control duty. While planning Local Utility Grids, the
possibility of electricity generation from renewable sources may

also be explored.

8. There is a distinect scope in the remote rural and hilly
areas for multi-purpose power units, largely made with loeal
material and local expertise to satisfy a variety of energy

neads of a locality.

a. Considering +the fact +that the availability of grid
supply would be crucial for +the economic viability of small hydro

projects, the co-ordinating agency would be required to bring



necessary legislation, on urgent basis, on the pattern of FRERPa Act of
1979 in U.3.A., for speedy grant of power generation licences to the
state agenclas and private enterpreneurs. and alse for quick

transfer of land.

170, nlike China, whose small hydro programme is 36 years old, in India,
the small bydro manufacturing base has remained wenlk ander the shadow of tha
more attractive large hydro and thermal sector. In addition, the trend world
aver an amall Hydro Fluid Machinery iz for exhaustive R & U on improved and

new designs of machines,

Tnless there i3 an active participation from the manufacturers in the
Hegearch & Davelopment and technelogy transfer programmes, with instituacions
like AHEC, which are having both the academic and field sxperionce, low cost

and efficiont machines would not become avallable for the Small Hydro

Brogrammes .

11 Special nature of small hydeo project design, completely
differant in charactar trom  large projact design, i3 by itself a very
strong reason  Lhat Design Methodologies have to be developed

gspecially sulited for small hydroe projocts, Stondardisation of Jdesign
wherever possible will be wvery helpful and Computer Alded Design of

Small hydro project iz a must.

It must be menticned that Seventh Plan DNES pelicy of sanctioning

National Demonstration Projascts to AHEC, located in an academic anvironment



has paid rich dividends.The {IGC has also approved the running of a
post graduate programme on renewable sources of energy in AHEC to be funded by

DNES.

12, The atate agencies may have to review the small hyvdro implementation
strategy in view of the necaessity to meet target schedules on a very larsgo
number of #zites coupled with the fact kRhat the consulting agencies are 1n
general preparing vwoeluminous projoct raports (DPR's) for small hydro
projects at  substantial cost it may be worthwhile inovelving Eegional

Engineering Collages, Universitiss ond Diploma polytechnics having computer

facilitiss for analysis and <ollection of data for project report
preparation. Students and eluntary agenciss could be used  [or data
collaection. Tri: Pt soma of the ESU projeocts bhased on operational data
collectad ST running projects could also be assigned to  Begional

Engineering Collemges. and the funds for the same provided ln spacitfic

project proposals.,

13, In China. training and invelvement of local people was an

intagral part of the small hydro programme, which resulted in substantlial

saving of the ocperation and maintenance <ozt of the project. In the absence
of alternative power supply, local pecople had a stake in trouble free

operatiocn of the plant.

In India, the =zmall hydro develcpment i3 taking place, in a diffasrent

anvironment, where after the commissioning, there does exist a definite



possibility of neglect of the project. It may ultimately be in the
intarest: of the co-ordinating agency to encourage/enforce local
participation. The co-cordinating agency may alsec be required to bring

necessary legislation for this purpose.

14. Recognising the fact that an altegether different strategy is required £«
planning, design and execution of Small hydro systems (including minid and

miéro} and to undertake much needed BE&D activity In this field a strong
tralning programme for a selected namber of serving engineers of stats
implementing agencies be arranged at the peost-graduate and doctoral

ievels. 1In addition, some 2-4 wesks short duration state-of-art courses be

alse arranged for higher level axecutives.

16. It is very necessary to organize comprehensive information aystems,
This can be achieved by dissemination of information on R&D efforts and
exten=ion works through organisation of seminars symposia and workshops.
Alse it is necessary to collect , store and retrieve information regarding
powar potential of Small hydro systems (including mini and micro) and on
feadback obtained from projects already executed in this field. It is
propozed +to have a Natlonal Data Bank of Small Hydro Power (including mini

and micro ) which shall be linked up with the computer system of DHES.

18, The rapid development of small hydro system is an urgent necessity
which requires a major effort 4in R & D, evolving special design

methodologies and erection and commissioning technigues | The effort

o



regquired 1= gigantic but not impossible and calls for setting up of a
Regional UNDP - centre to promote all aspects af Small Hydro Syatem
(including HMini and Micro ). AHEC with its rich experience in R & D, design,
erection and commissioning of a number of Hatlonal Demonstration Projects

can provide an ideal setting for such a centre.

"
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