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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.

"

15
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1. Proposed Technology Development Plan for Mini Hydel

- Seience Advisory Council to the Prime Minister highlights in
a Document (An Approach to a Perspective Plan for 2001 A.D : Role
of Science and Technology) that when critical targets had
to be met, a missionary zeal through the ildentification of HNat-
ional Techrnology Hission can provide renewed impetus, In such
situations the conventional planning, dependent on economic
exercises and allocation of funds derived from it would not

suffice.

= Realising +that 30% of the Seventh Flan outlay was earmarked
for Energy, and that the usage of Science and Technology in the
energy sector has been rather unsatisfactory in the past, Energy has
been identified as one of the key areas for Hational Technology Mission

approach.

- Science Advisory Council has also shown serious concern over
the continued intensification of resource use, which has led fto a
depleticon of renewable resources,. In this regard the harmful
effects of large hyvdre [1] and thermal projects on soil, forests,
and rivers must be considered. In +the opinion of SBecience
Advisory Council, the cost of environmental degradation

accompanying the intensification of resocurce use has been largely



borne by the weaker sections of the society, while the benefits

have accrued to those already better off.

- Concerned with the resource crunch for the Eighth Plan the
Governmaent is already rpaying urgent attention on Energy
conservation measures, Interestingly energy demand of 2005 A.D
can he met only with improvements of 8% in PLF, 30% in appliance
efficiency and 10% reduction in T&D losses. A structural change
in the energy sector, from dependence on large projects to small
projects would help in achieving the above cbjectives [2]. In
this regard mini hydel, co-generation in sugar industry using
bagasse and wind power generation have been identified by World EBank

already as bankable coptions.

- Specifically, the Mini Hydel Technology Development Plan would

have the following abjectives: -

(i) A Hational Plan of integrating environmentally clean

renewable sources of energy, with the existing networks.

{ii) Develop necessary human resource preferably from existing
agencies, through specialised training to orient them for

execution of projects which are small yet large in number.

{1iii) Arrange local participation, so that the systems receive

their care, necessary for optimum performance. Overall syvatem

18



performance in terms of PLF, energy conservation etc. will depend

upon this vital link.

(iv) MNational R&D hook up involving colleges and Universitiss at
the regional and national level, in close collaboration with

manufacturers and entrepreneurs.

Ref :-

1. "Dams the principal cause of droughts and devastating floods"
by V.E. Bansal, V.P. Kapur, paper accepted by 6th World Congross
on Water Resources, Canada, June, 1388.

2. "Towards an ecologically safe Energy policy” by V.K. Bansal,

V.P. Kapur, paper presented.



FINANCIAL REQUIREMENT

- The enclosed documents contain data regarding mini hydel projects
prepared oﬁ the basis of the following documents
i Document of Rural Electrification Corporation
ii. Specific information receilved from wvarious states collécted
by AHEC scientists.

- State agencies are requested to update the information contained
in the document and send it to the Director, Alternate Hydro
Energy Centre, University of Roorkee, Roorkee - 24786887.

= Projects have been classified under the following four heads:

1, QOperational
ii. Under construction
2 5 DFR is ready
iv. Other prospective sites
Besides above, the following additional criteria have
been used for identification of sites.
s Project capacity < 3 MW
ii,. Head > 2.5 m
iii. Projects in the electrified area, which shall be
generally on the canal falls (Head range 3-Tm)
iv. Projects in the remote areas, in the hills (head range

generally > Tm)



- On projects, where cost estimates were not availabhle, the following

average values have heen used to estimate costs

Capacity Sites on canal Sites in the hills
falls Cost Es./kw Cost KEs. kw
< 100 jrw H, 004 30, 000
< 500 Kw 30,000 25,000
€ 1 MW 25,000 20,000
< 3 MW 20,000 15,000

- Sites yielding 822.3 MK at a cost of RKs. 1715 crores have been
identified for Eighth Plan programme (Refer List 'A’). Details of

specific sites have been included in Vol. III of the document.

- BSites on canal falls wielding 148 MW at a cost of Rs. 333 crores

e

can be taken up immedliately for construction (Hefer List "B’



Financial requirement of the Mini-Hyvdel programme

Item Es (in crores)

———— —— o —— o —

1. Generation of 82Z.3 MW con
sites identified on All 1715=00
India basis (state wise
allocation in List ‘A7,
Tentative list of identified
sites in Vol. III)

e}

BGharat improvement programme 3A5=00

3. Research and Development
(Plan of AHEC in collaboration 15=00
with Regional Engineering
Colleges and eguipment
manufacturers)

4, Training and manpower development
for the Mini-Hyvdel programme 2=00

§E. Design methodologies which
includes design standardisation 2=00
and setting up computer-aided
design facility at wvarious SEB'E

g, Information syvstem which includes
setting up of a data bank, =00
organising seminars, symbosias
and publications



A. Summary of the Mini hydel potential for the Eight Flan

Eight Plan programme Likely to be completed by 1880
DPERE not DPR ready Sites under Sites
ready construction operational
A B c D
S5.Mo. State/UT’'s Capa- Cost Capa- Cost Capa- Cost Capa- Cost
city (Rs.in city (Rs. in city (Es.in city {Rs.in
MW crores) MW crores) MW crores) MW crores)

1. Andhra Pradesh 30.3 71.8 12.8 28.3

2. Andman &

Hicobar 3.0 4.5
3. Arunachal 40 .3 76.0 - = 6.8 14.4 14.1 27.8
4, Assam 8.8 16 .8 6.0 7.8
5. Bihar 26.1 64.7 10 0.3
&. Goa,Daman

& Div. 1.5 2.3
7. Gujirat 8.3 25.3 16.51 46.0 2.0 6.8
B. Haryana - - 24.1 2.3 0.4 1.3
8. Himachal

Fradesh 8.3 12.4 0.5 1.3
10, Jammu &

Rashmir 63.0 103.9 23.7 62.3 7.6 28.8
il. Karnataka 6.8 17.6 1IT.0 3z.0 24.1 63.1
12. Kerala 112.0 247.5 9.7 25.2 10.0 e

13. MadhyaPradesh 27.5 60.3 9,7 21.8 3.8 .6



14. Maharastra 61.0 142.1

15. Manipur T.00 13.0

16. Meghalava 5.2 13.8 -

17.Mizoram 1.5 11.1

18 . Hagaland 0.5 1.0 7.8 18.0 0.8 2.3 2.5 5.8
19.0rissa 14.6 28.9 0.01 0.3 = - 0.04 0.8
20. Punjab 41.9 124.2 298.3 60.9

21. Rajasthan 0.8 2.0 B.86 21.7 1.0 3.3

22. Bikkim 8.1 17.0 ’

23. Tamil HNadu 77.4 125.5 7.8 10.3 4.8 8.9

24, Tripura 4.4 10.1

25 .Uttar Pradesh 89.0 ZOE.8B 4.4 11.6 1.7 35.7 8.6 20.9

22.West Bengal J38.2 T0.56
T18.2 1511.4 1B3.Z21 404.5 81.B 162.0 25.24 55.3
662.9 1382.1 159.1 352.8 T2.2 162.0 25.24 55.3

Abstract MW Cost (crores)
1. DPR’s not ready TiB. 2 1511.4
2. DPR's ready 183.21 404 .6

For Eight FPlan g22.3 MW 1714.9 crores
3. Bites under 81.8 162.0

construction
4. Sites operational 25,24 55.3

Upto Seventh Plan 97 .44 MW 217.3 Crores



FIRST PRIORITY SITES ON CANAL FALLS FOR WHICH DETAILED FPROJECT
REFORTS ARE READY

E.No. Location Capacity Cost Ho. of sites
MW (Rs. in crores)
e .. . .. % & B
1. Andhra Pradesh 0.6 6.3 e
2. Assam = = =
3. Bihar 1.0 2.5 1
4. Gujrat 15.0 38.5 13
&. Haryvana 24.0 52.3 20
6. Himachal Fradesh = = =
7. Jammu & Kashmir = - _
8. Karnataka 17.0 32.0 B
8. Kerala 8.7 25.2 (&
10. Madhya Fradesh 8.7 21.8 12
11. Maharastra = = =
12. Manipur - = -
13. Meghalaya = = =
14, Nagaland = = =
15. Orissa 0.01 0.03 1
16. Punjab 28.3 60.89 21

17. Rajasthan
18, Sikkim = = =

19. Tamil Hadu 2.4 3.4 2



20.

i i

Tripura

Ottar Fradesh
West Bengal
Andhra Fradesh
Arunachal Pradesh
Goa,Daman & Diu

Mizoram



3. Strategies for Programme Implementation

Realising, that short gestation period can be the trump
card of mini hydel programme, and significant cost reduction can
be &achieved by grouping exploitation of similar sites on all
India basis, the implementation strategy may have the following

special features :-

The exercise of identifving potential sites on all India
basis, under taken now for the preparation of Bth plan document,
may be carried further to collect hvdrological data on each site.
In each state the activity can be co-ordinated by SEE, with the
technical help of DNES, AHEC combine. The work on the first set

of sites on all India basis may be over by May, 90.

- AHEC may take steps to computerise the design process of
mini hvdel plants. This work may also be over by May, 80, In
this process active help of experienced SEB engineers can also be
taken, by involving them in post graduate and doctoral

pProgrammes,

= The first =et of orders for the mini hydel programme
could be placed in +the beginning of 18991, which gives about 21
months for +the eguipment manufactures to obtain state-of -art

technology, and assimilate it.



DNES, AHEC combine may also have to initiate steps to widen
the manufacturing base so that turn-key contracts can be offered

with much more confidence and competition.

= AHEC in collaboration with voluntary agencies may run
training programme 1in the localities where first set of mini
hyvdel plants are going to be set up to involve local people in
the mini hydel programme. Latter, the training programmes could
be ran by state agencies 1in c¢collaboration with wvoluntary

agencies,



4, TRAINING & MAN POWER DEVELOPMENT

e Small hydro design practices are in a evolutionary stage.
because of their new role in the present day Energy Scenario. The
training programme will be of +the academic nature, at the
doctoral and post graduate level, for the serving engineers of

state agencies,.

- Short term training programme of 2-4 weeks duration, run
through Continuing Education Department will focus on continuous

updating of design practices, prevalent in states.

- Workshop on "Improvement of Gharats” held at EKotdwar in
Sept.B7, in one of ites recommendation suggested organising of
1-2 month workshops in +the hills for actual fabrication of

malti-purpose gharats, as a self help programme.

- UNESCO working group meeting held in May, 1983 at Colombo,
Sri Lanka recommended establishment of a Master’'s programme in

omall Hydro field at AHEC.

= Sereening Committee of the Post-Graduate Board of UGC in the
meseting on 28.8B.868 approved a Post Graduate programme on
Alternate Hydro Energy 5Systems to be run by AHEC and suggested

financial assistance for the same from DNES.



- flternate Hydro Energy Centre has been recognised as an
Academic Department o¢of +the University +to conduct Doctoral

programmes,, since Sept. 1985,

- Under the New Education Poliecy, it has been recommended that
the wuser agencies should fund related educational programmes,
The educational pProgrammes, in this particular case, are going to
directly benefit the extenszion work of the co-ordinating agency.
Hence +the Co-ordinating agency of +the 5Small Hydro Power

programme, should be provided funds for the same,



5. R & D AND TECHNOLOGY UFDATE

Majority of +the mini hydel units connected to the grid do
not have +to carry out load frequency control. Use of induction
generator on stable grids further eliminates the need to include
synchronising facility of the governor. Governors for ultra-low-head
turbines have to content with non-linearities and sluggishness in
certain regions, which makes it imposszsible to manage the situation
with fixed contoured three dimenstional cams. Availability of low
cost microprocessors has wvirtually revolutionised the whole
field. There is immense scope for +technology transfer and

in-house E & D in close collaboration with eguipment manufacturers.

Interfacing problems of mini hyvdel systems

In the design of protection panels, insufficient attention
has been paid +to simplify the schemes. Besides, the present
protection schmes are designed for one-way power flow from the
utility power plant +to the customer - but not for the phase
co-ordinated distribution network reguired to handle two way
power flow. Use of microprocescors can result in considerahle
simplification and cost reduction and better man-machine

interface.



Stand alone mini-hydel systens

In rural areas the power supply availability is sometimes
as low as 10 hours in a day or less. Mini-hydel systems feedinj
into the grid, would therefore, remain unutilised, unless they
have the capabilities of operating in the stand-alone mode.
Biogas and diesel based engines, c¢an be integrated with mini
hydel systems for isclated operation of mini hydel plants. Recent
experiments on mutiple feed bicogas plants have shown encouraging
results. The research area needs investigation and setting up of
some National Demonstration Projects in collaboration with Energy

Development Agencies of states.

Improved materials for civil design

In recent vears experiments have been conducted for
improving the static and dynamic properties of concrete by the
addition of steel fibres. With the technical expertise of
Roorkee University in Civil Engineering design, further
experiments in the above areas can lead to significatnt cost

reduction of mini hydel plants.



summary of the proposed "Gharat Improvement programme in the

Eighth Plan” by Dr. A.P. Joshi, HESCO, Kotdwar

318 In +the hills, Gharats can meet a ?ariety of energy needs
of the people such &as electricity for lighting, rice
hulling, stone grinding, oil expelling etc., and lead to

saving of diesel.

ii. Presently there are approximately 7000 gharats in the
U.P.Hills alone, producing on an average 2 KW of

energy with an efficiency of 15-17% only.

iii. In Nepal, a German group FAKT has developed
Multi-Purpose-Fower-Unit(MPPU) essentially with loeal
material and expertise which can be used as a complete
set : turbine, mill and power take off, and is compatible
with the traditional civil design. Another Swiss Group
SKAT has developed Cross-flow-turbines efficiency 60-70%
again with local material and expertise, for power gener-
ation from Gharat programme. More than 450 1loecally built
units have been installed with financial support from

Agriculture Development Bank of Nepzal,

iv. There are about 75 active voluntary agencies in the

e Hill=. In September 1987 HESCO had organised a



workshop on “"Gharat Improvement” for the benefit of volun-

tary agencies. HESCO can co-ordinate the voluntary agencies

in this parogramme.

One of the significant recommendation of the above work-
shop was organising of 2-4 weeks training programme in
the Hills, on an actual gharat site, for the benefit of
voluntary agencies, to help them set up improved gharats
in their region. ©Setting up of a small workshop to be
latter used for maintenance of "Improved Gharats” ecould
be an integeral part of +the above training programme.

AHEC can organise such workshop in collaboration with HESCO.



6. CRUCIAL ROLE OF DNES THE CO-ORDINATING AGENCY

- SMALL HYDRO AS DISTINCT FROM LARGE HYDROQ

The small size, pronounced variability of the source with time, and the
dispersed nature of the resource demand a clear break from the design and
implementation practices of large hyvdros, which are by nature Just the
opposite of large hydre. While large hyvdros are required to supply firm
power, small hydros have the design and operational objective of "maximum

energy generation”.
- SIMILARITY OF SMALL HYDRO WITH OQTHER RENEWARLE SOURCES

Although the power generation asctiwvity began with small hydro generation,
in their new incarnation small hydro sources fulfil an entirely new role,
Hence they are being clubbed with other renewable sources of energy viz.
solar, wind, biomass etc., due to the similarity in their nature and réle.
All over the world small capacity units, based on the above resources, take

advantage of the grid to expleoit the resource 1o its maximum.
- SFECTIAL NATURE OF SMALL HYDRO DESIGN

Kealising +the special nature of small hydro design, the Amercian
Society of Mechanical Engineering (ASME) alongwith the Hydraulics
Division of American Society of Civil Engineers (ASCE), since 1980,
had brought out a number of special issues titled "Small Hydro Power

Fluid Machinery"” dealing with the investigation, egquipment selection,



standardisation, and operation and maintenance aspects of small hydro.

-  SPECIAL EXPERTISE AND NICHE OF ALTERNATE HYDRO ENERCY CENTRE
I8 MINI/ZMICRO HYDRO DEVELORMENT H

The Alternate Hydro Energy Centre (AHEC) has gained a deeper insight
intoe the entire gamut of activities connected with small hydro based on the
execution of three HNational Demonstration Projects, followed by an
exhaustive literature survey. The Centre has alsc analysed the guidelines
issued by Central Electricity Authority for othe implementation of
mini/micro hydel plants (Details in Vol II). The centre is of the
firm opinion that any guidelines issued,without gaining direct experience on
the execution of small hydro projects, can even retard the growth of small
hydre projects in the Eighth plan. Similarly the document titled "Small
hydre stations-standardisation-Publication no.l75" brought out by the
Central Board of Irrigation and Power - its variocus schedules on technical
and commercial aspects nead considerable simplification, and the
manufacturing capabilities need updating for it to be meaningful during the
Eighth Plan. Specifically, AHEC will have the following revised objectives

during the Eighth-Plan.

(i) Workout, in close co-—ordination with DHES, Eighth Plan prgramme of
small hydro development for each State. Sites of the same tvpe on All

India basis shall be clubbed together to gain cost reduction advantage.

(ii) Computerisation of +the small hydro designs for uniformity, and f¢

catering to a very large number of sites.



{i1i) Training of designers from varicus state electricity boards, to leave
sufficient scope for individual excellence in offering innovative designs.

Guidelines tend to discourage innovative designs.

{iv) Execute R&D programmes, drawn on the experience of project executed
in the Seventh Plan. Some R&D projects may also be drawn on the basis of

monitoring of projects, to be executed in the Eighth Flan.
B, ROLE OF CO-ORDINATING AGENCY

A very large number of =ites, yielding little by way of megawattis, an

under developed manufacturing infrastructure, and the compulsion to induct
personnels from large hydro and other power establishments into an alien
area, makes it a very challenging task for the co-ordinating agency.

The large project bias of the state agencies charged with the actual

implementation of the programme has to be removed, through special training
Programmes. Fesearch and Development activity has to be decentralised in
various Universities and engineering colleges, to clesely co-ordinate with

manufacturers in the reglon.

Realisation that the magnitude of maintenance problem can be enormous,
participation by local agencies or private contractors has toc be arranged,

right from the investigation stage of the project.

Obviously the problems of minismicro hydel development, as mentioned

gbove, are entirely different in character. It is certain that a sucecessful



mini/micro hydel programme,  in the Indian context, needs muach more than
mere issue of certain documents as guidelines or standardisation of

machinery or scrutinising reports on the lines of small hydro.

Fortunately, the Department of Hon-Conventional Energy Sources, through its
various state agencies and extension services has conducted similar prgramme
for other renewable sources guite successfully. While evaluating the
mini/micro hydel programme of the DNES and AHEC in the Seventh Flan the

following factors may also be kept in mind

(i) "Large hydre bias"” of the personnels executing the programme, has been
largely responsible for cost escalation time over runs and cholice af

inefficient machines.

{(ii) DHNES had only Rs.5 crores allocated in the Seventh Plan for the small
hvdro work, which was too little to attiract investment from the states in an
area, which is still not attractive because of higher installation cost,

when compared with large hyvdro projects.

(iidi) The capacity-  limit of 3MW, and an asrtifical division of small hyéro
projects as mini, micro and small was too restrictive, and left only
uneconomical projects in the kitty of DMES. 1In fact the entire 1:2MW range
of small hvdre (Investment < 20 crores) comes under the financial powers-of
Secretary, DHES, Basically. all projects, distinct from large hydro
projects, and of capacity less than 12MW should be under the power of

g single co-ordinating agency.



BA. FROFOSED AND RECOMMENDED OUTLAYS ANMUAL PLAN 1989-90

DEFARTHENT OF NON-CONVENTIONAL ENERGY SOURCES

Hs. in Crores

£.Ho. Bector/FProgramme Seventh 1986-89 Proposed Recommended
FPlan Cutlay Cutlay Cutlay
Alloca- 1989-90 1988-90
tion
;3 Family Size Bio- 177,00 53.38 B&.00 57,50
gas Plants
2. CEE/IBF (WHRRS) 17.00 3.90 T.00 4. 00
5. R&D in Biogas 6.00 1.00 1.400 1.040
i, Hational Programme 40.00 10.00 20.00 12.00
on improved chullah
5. Soclar thermal energy 32,00 T.Q0 13.32 g.00
6. solar Photovoltaic 27.00 9.580 22.80 g.50
i Wind energy 20.00 .60 10.00 E.00
1 Rural renewable 0.50 Q.25 1.00 0.25
energy system
8. Bicga=s & DAFP 30.00 6.00 15.00 .00
10. Energy from urban 14.00 2.25 _ 11. 8240 1.15
agricultural wastes
5. Alternate fuel /BF 5,00 0.50 0.75 0.50
vehicles
12. Magneto Hyvdro 10,00 1.25 2uh 0.50
Dynamics
13. Geothermal energy 2,85 .10 1.00 0.25
14, Chemical sources 4.00 0.40 0.75 0.50

ef energy



15, Jcean energy 3.00 0.056 0.10 0.08&

i6. Hydrogen energy 5.00 0,40 0.75 0.80

17, Microc hydel energy §&.00 1.00 §.00 2,08

18. IREDA 10.00 2.60 3.36 3.25

19, Fegional offices 0.65 0,40 0.80 0.50
/monitoring cells

20, Information and 3.00 0.30 0.70 0.40
public education

21 Seminar/Conferences - 0.01 .12 0.10

22, International Q.35 Q.02 B =



6E. DNES PLAN FOR HARNESGSING RENEWABLE ENERGY POTENTIAL DURING

L. Power from biomass 100 MW 1200 MW 4700 MW 6000 MW

A8 Power from Wind 140 MW 1000 MW 3860 MW 5000 MW

s o8 Power from Solar 60 MW 440 MW 1500 MW 2000 MW
system

4, Sewage sludge 5 MW 15 MW 30 MW 50 MW

. Power from small 200 MW 600 MW 1200 MW 2000 MW
hydro

6. FPhotovoltalc pumps 1.5 MW 4.5 MW 30 MW 35 MW

6. Wind pumps 5 MW 15 MW 30 MW 50 MW

748 Energy from Municipal 16 MW 48 MW 98 MW 160 MW

Solid Waste



6C. DETAILS OF THE SEVENTH PLAM ALLOCATION OF DNEG OF

(Rs. in lacs)

1. A HE.G. 76.58
2. Jubbal 27.87
3. Manali 54 .80
4. HKakroi 110.00
5. HRalla 25.00
6. Bahadarabad 15.00
7. Gholia 15.00
8. Sahoke 15.00
9., EKendrapara 15.00
10. Crissa 15.00
11. Chargaon 16.00
12. ESite efficiency 3.00

measuring instrument

13 ilot testing of 1.50
Biomass Gasifier



7. ENERGY SCENARIO

A. MINI HYDEL AS AN ENERGY OPTION FOR INDIA.

In India the GDF elasticity for the commercial energy
(electricity,coal, oil) in the last 20 years has been 1.62.
This means that if a growth rate of 5% has to be achieved for the
Eighth Plan, the commercial energy consumption will have to grow
at 8.10% compound per annum. This means that one has to plan for

the energy demand becoming double every 9 vears. With about 30%

of the Plan outlay reguired for energy, it is becoming
increasingly difficult to mobilise resources for the
targetted growth of Eighth Flan. Anticipataed serious

unemployment problems, as a result of reduced growth rate is also

a concern of the planners.

Ferformance of large multi-purpose hydro projects,
undertaken since independence, leaves much to be desired. Cut
of 246 projects, 181 have remained incomplete. As a result

thermal generation share has declined, and is likely to be 28% at
the end of Seventh Plan., Foor plant load factor (PLF) of thermal
plants is mainly because sufficient peaking capability is not
available from the hydel sector. It must be mentioned that even

1% improvement in +the PLF of thermal plants saves investment



required +to generate LOOMW. Mini hydel power with its short
gestation period can be auickly harnessed +to correct the
imbalance, Improvement of PLF , as a result of contributing to

the peak demand would be a bonus.

Another disturbing feature of the Electricity
distribution network is the high transmission and distribution
losses, which is probably the highest in the world. Here again
mini hydel plants with the involvement of only 11 KV lines,
immediately save at least 9% of losses of the EHV circuits. In
fact, +the dispersed nature of mini hydrl potential turns out to

be a boon in disguise.

There is an urgent need to work out the correct potential
of mini hydel power, by identifying all possible sites on All
India basis. The earlier estimate of 5H5000MW of small hyvdro power,
worked out as a percentage of the large hydro potential, is

likely to be misleading.



7B. “Towards an ecclogically safe energy policy”

- Wherever energy performs work, heat is generated., leading to
calefaction of air and water. Hence the present trend of
energy demand doubling every 14 years can not continue for
long.

- Taking cue from '"mature” mnatural eco-system which have
diversity and have web like structure, one may have to
discard large and centralised power syvstem.

- HNe 1living specie can survive for long without recycling the
waste, and waste 1is inevitable in any resource process.
Energy generation from recycling of waste, may mean some life

style adjustments.

= Energy intensive agriculture with fertilisers, mechanised
forming etc. is unsuitable for developing countries.'Even in
the advanced countries the trend is towards organic forming.

= Ecologically unsafe large hydro and thermal projects may have
to be discarded sooner or later.

= Chinese approach of training construction workers on the job,
with the help of engineering graduate students, led to
involvement of local people in the small hydro programme,

which is absclutely essential for a "web like” energy system.

= Future energy demands can be met with grester stress on non



commerciasal energy sources, which are fuel wood, dung cake,

vegetable waste and animal power,

References:

1. "Towards an ecologically safe energy policy”™ Faper by
V.P. HKapur, V.E. Bansal, presented at the U0.G.C Sponsored

Hational seminar at the University of Jodhpur, Feb. 26-28.1987.



r T e ~T TR T RIS

CRROTL ¥ NG ITHERTS
N LR ey N A L ML AR ¥ L FT RS,

BASED ON THE CONTRIBUTION TGO THE CLOSING CEREMORY OF THE
INTERNATIONAL SYMPOSIUM ON HYDRAULICS FOR HIGH DAMS IN
BEIJINDG, CHINA, NOVEMBER 1968

As hydraulicians, most 1f not all of wus started out
originally as civil, mechanical or electrical engineegs
responsible for deriving optimal, least-cost sclutions without
losing sight of the overall svstems involved., Thue to the past
and current +trends in research, however, almost all of us have
gone through a silent transformation towards specialists in an
increasing number of ever more narrowly defined subjects. Are
we content with this course of events, and do we want it to

continue 7?7

Consider, as an example, our inveolvement with large dams.
Two of our main goals here are (1) to supply farmland and cities
with water and (2) to make available more energy. The common
solution of the engineering specialists have been (1) to store
and pump water and (2) to produce energy with the aid of daﬁé and
power stations. By taking a broader view of the svstems involwved,

could we not possibly find alternative soluticons which would



achieve the same goals more economically and more ecologically
sustainable 7 What if we strived, first, to reduce water losses

and energy losses in our systems 7

From & Nepalese engineer who headed a group of experts
charged with investigating the water-supply system of Kathmandu.
I know that the estimated water loss in that area is about 70
percent ! But exorbitantly high water losses are by no means
restricted +to developing countries. They are also known to
exist in cities such as Boston. Even a modest reduction of
these losses would provide extra water supply at minimum
expenditure within a short time, while increased water storage
and pumping would only increase operating costs of an inefficient
system, apart from aggravating the debt crisis due to the large

sums of investment necessary in that case.

Similarly startling results with respect to energy have
been obtained by four internationally known experts (Lovins et
al., 1981), even though they used assumptions deliberately biased
in the direction least favourable to their conclusion. Figure 1
shows potential energy-efficiency improvements in the F.R.Germany
achievable by present +technologies for +the residential and
commercial sectors in two categories : the "2030" case, involving
measures readily deployed over a period of 50 wears, and the

"present technical limit", involving replacement of the entire



existing stock. Similar diagrams were deduced for the industrial
and the +transport sectors. All measures together would reduce
Germany’'s energy needs by 69 % ("2030") to T9% ("Present techn,
limit"™). In addition, according to this study, the total
improved from ©0.73 in 1973 +to 0.87 in 2030, e.g., by combining
Ercductiun of heat and electricity. In other words, deployment of
cost-effective +technologies could gquintuple West German energy

efficiency!

The autheors alsco extended their case study to show that
it is simply not true that increased prosperity and gleobal equity
requires ever—-increasing amounts of energyv. Available new
technologies can provide increased energy services more cheaply
by wringing more work out of available energy sources, thus
making technical progreszs possible that could never be achieved
by the conventional strategy of merely building up energy
production. It is not energy perse that we reguire, but rather
the services +that energy gives wus, such as comfort, light,
mobility, &and smeltering. It is more sensible therefore to
view the problem as one consisting in how to provide the amount,
type, and source of energy that will do each desired task in the
most economic way. The great advantage of developing countries
in this respect is that +they can develop their energy-using
in?rastructure efficiently right from the begining, avoiding

costly "retrofits"”.



Viewed in this 1light, the tasks fﬁr which energy is
presently required in an industrial country such as the FRG are ;
" 75% for heat (23% of which is needed at temperatures below
100°C), 18% for portable liguid fuels to run vehicles, and only
7% for electricity! In ne industrial ecountry can additional
electricity be used cost-effectively at present, because the
electricity-specific needs are already met by present capacity.
What i3 required in addition to increased efficiency (Fig.l) is
the harnessing of such renewable energy sources as passive and
active solar heating; passive solar cooling; solar process heat;
conversion of farm and forestry wastes to alcochols and
pyvrolysates (oils made by heating wooden matter with little air);
small-scale hydroelectric power; windpower; and in some instances

solar cells.

In all countries so far studied, Lavins et al.(1981) have

measures as new conventional power stations, slow down oil



surprisingly. reduces to almost zero the global rate of burning

fossil fuels, thus holding the CQOz level in 2030 to within 10%

of its present wvalue!l I surely do not have to stress the

significance of such an accomplishment, in view of the problems
cgonfronting us in connection with the C0z “"greenhouse effect”.
0f major concern in all industrialized countries with long sea
coasts, at present, is the problem of how they can best protect
themselves against a possibsle future rise in sea level brought

about by climatic changes due to excessive COz releases,

It +turns out that we have again two paths for a solution.
The one that immediately comes to mind to the specialist in us
has to do with costly measures including dams and a variety aof
hydraulic structures. An alternative, obviously, would consist
in the realization of +the Just-discussed least-cost energy
strategy on a global =scale, since this strategy holds a good
chance to avolid the disastrous greenhouse effect altogether. What
I wish to stress here iz that this alternative solution with its
great advantages both environmentally and economically entails

anormous challenges for all eangineers,

I e=onsider it our responsibility as enginesrs to inform
ourselves comprehensively about this alternative path - e.2., by

inviting experts like Amory B.Lovins*) for mutual discusaions -



and

to pursue and propagate this path when we find that it is

feasible.

*]

Amory B. Lovins, M.A., D.Sc.h.c., educated at Harvard and

Oxford, is a physicist working on energy and resource
policy in more than 1% countries. He has published over
ten books and many technical papers and has been a
consultant to a wide range of governments and
international and private organizations. He was recently
bestowed with the Right-Livelihood award (Alternative
Nobel Prize). Lovins is Director of Research of the Rocky

Mountain Institute in 0ld Snowmass, Colorado, 81854, USA.

REFERENCES

Lovins, A.B., Lovins, L.H., Krause, F., Bach, W. (1981:
Least-Cost Energy/Solving the €0z Problem. Brick House
Publication Co., Andover, Mass., USA.



Usetful 1life of the project comes out 62 years as against
100 wvears calculated by project authorities. )

Total annual energy available for sale on the bus bars should
be found by deducting the transmission and distribution losses,
which are at least 20%

Interest rate should be at laest 12% ., as against 8% shown in
the project report.

Compensation for houses, land, crop, solatium ete. should be
much higher than estimated by project authorities.

In addition +o the above factors the benefit cost ratio
should be worked osut in the following manner:

(1} Supposze that the project is under construction for “n”
vears, and the cost stream is Ci, C2,- - - - - Ca, then the
compounded value of cost stream is :

C = g Ct (1+i)n-t
t=1
where "i" is the interest rate.

(2) Let "m" be the useful life of the project, and the benefit
stream 41is B1, Bz, - = = = Bm, then the present wvalue of
benefit stream is

m

B = 2 Be/(1+i)t
t=1



{3) Similarly the present value of the operating expenses
stream Ri1 ,Bz,- - - - Rm would be
m
B o= & Bo,/ii+vim
t=1

(4) Benefit cost ratioc = B/C+R

6. Benefits & costs of a multi-purpose project compared:
Claim of Project Revized
authorities calculations
i. Dewserramusenrad smeaslile - .
on H90% availability baslis 3029 million KWH 2423 million KWH
ii. Cost of power 35 paise T3 palise

iii. Rewvenue return with sale
rate of 48 paise at bus
bar. 11.52% 6.,89%

iv. Benefit cost ratio for

agriculture, o 1.28:1
V. Benefit cost ratio of
the whole project. not calculated 0.56:1

7. HWerld Watch Institute, Washington has stated that " the
most mature alternative” for the Third World is small hydre
powar, which ¢an be commissioned gquickly, have low interest
costs and marginal foreign exchange requirements, besides

being environmentally safe.



8. Comparision of the original multi-purpose project with an

Multi-purpose Run-of-river

i. Capital cost for power
component., Rs.1Z64 crore Rs. 442 crore
ii. Installed capacity 1000 MW 309 MW
iii. Annual energy generation
on 90% availability
funit - KWH) 2910 million 1521 million

iv. Unit generation cost T3 paise 28 paise



8B. ENVIRONMENTAL IMPACTS OF MULTIPURPOSE HYDRC PROJECTS

Big dams on a river kill the river itself. In a recent
international publication (1) a theory has been presented which
states that dams are the cause of drought and devastating floods.
and rapidly eroding power gains due to deteriorating ground water

conditions are marginal.

The increasing incidence of drought and floods affecting
larger and larger areas i=s a clear proof of the deteriorating
‘health’ of not only the river system but of the connected ground
water system also. The above should be treatyed as a well
connected drainage system, from the Himalayvas to the seas taking
centuries +to stabilise and to operate as a perpetuating system,
capable of withstanding reasonable wvagaries of nature entirely on
its own. In the normal course, rivers charge the agquifers, when
in spate, and when the rivers recede, the aquifers charge back
into river to maintain the flow. Through the above process the
river and the ground water system is also kept ready to receive
the next flood. Damming the river section and diverting the
water through a canal system., chokes the natural drainage system
due to inadeguate flow, and due to its very absence in the fresh

areas the problems of water leogging and salinity appear.

The net result is that the situation becomes contrasty.

A disconnected drainage system is both the cause of drought and



devastating flocds. Eecently when rivers in Bihar were in floods
the adjoining states U.F. and M.P. were reeling under severe
drought, and immediately after, the reports of floods have started

arriving from U.P.

It is alsoc a myth that the presence of water is a
sufficient condition for successful irrigatiaon. The plants
throw salts dinto the scil, a processz known as ‘guttation’, and
the salts must be removed to rejuvenate the seil. A critically
placed ground water table in a well connected system. modulating
through charging and discharging, is an ideal irrigation =yvstem,

called a successful irrigation system.

Exploiting of around water on a3 large =cale is bound to
lower the ground water table with consequent additional power to
retrieve the water from greater and greater depths, till the time
it becomez non available. The damming completely offsets the
alaimed benefit of power. In short, it iz a complete paradox

that the dams are meant for flood control, irrigation and power.

REeferance

1. "Dams, the principle cause of devastating floods and
droughts” by V.FP. Kapur, V.K. Banszsal; Paper accepted for 6th

World Congress on Water Resources, Canada, June 88,



8. STAND ALONE MODE OF ELECTRICITY GENERATION

Basheshwar Prasad, $¢ientist; AHEC, Univ. of Roorkee

1. In rural areas the power supply availability is sometimes as
low as 10 hours in a day, or even leés. Therefore, small hydro

systems installed in such areas to augment the grid network would
remain unutilised unless +they have the capability of Isclated
operation. Biogas and diesel I.C. Engines can be integrated with
+the small hydro systems to operate the plant in 'Load following

mode’ .

2. The Department of MNon-conventional Energy Sources and the
State nodal agencies have established a nﬁmber of rural energy
complexes in rural areas with clear objectives +to demonstrate
technological innovation in the field of renewable energy and to
create awareness amongst people about possible benefits and
advantages associated with renewable technolgoies compared to the

use of conventional energy systems.

3, One of the major component of the complexes is Community
type Biogas Plants of about 60-85 cu.m. capacity which are
presently facing gobar shortages and so incapable of providing
gas for cocking and other purposes. While using plants for

meeting domestic coocking energy needs, there are lots of



maintenance probloms with both the distribution lines as well as
cooking units, perhaps because of the condensation of water in

lines leading to blockage of the gas passages.

4, It iz also wvital that all the energy systams installad in

such energy complexes are working individually and in isoclation
and so system capacities are not fully utiliszed. The integrated
system appreoach provides solution to all the problems associated
with the use of enargy systems in isolation. Depending upon
the avaialability, one, two or more sources can be integrated

for providing energy on a continuous basis.

The solar hot water systems which are installed at these
complexes would also be used for preheating the water in winter

for slurry making to improve the gas generation.

5. The agricultural and forest residues can be used for
supplementing the gobar supplies in the community type bicgas
plants at the esnergy complexes which will result in a reliable

supply of bicgas. The research and development work pertaining
to this aspect has been carried out in India and abroad and the

rasults are highly encouraging.

6. The energy complexes have all the systems as mentioned.

Therefore, Research and Development work pertaining to this



aspect would be carried cut at such a snergy complex estalished

near Rooarkee at village Brahampur.

e The extension work for thi=z strategy would require the
preparation of realistic regiconal plans regarding the
availabiltiy of agricaltural and forest residues and their
characteriszation in conjunction with the planning of small hydro
plants and subsequently the biogas plants installed at the energy

complexes would be integrated with small hydro plants.



