SMALL/MINI HYDRO POWER

TECHNOLOGY, RESEARCH AND EDUCATION
(State of Art)

by
0.D. THAPAR

Director
ALTERNATE HYDRO ENERGY CENTRE
W.R.D.T.C,, UNIVERSITY OF ROORKEE

UNESCO REGIONAL WORKING GROUP MEETING COLOMBO
16-19 May, 1983



SMALL/MINI HYDRO POWER TEC HNOLOGY RESEARCH AND EDUCATION

C

Small /Mini Hydro Power Technology Education and Research

Small Hydro Power System Technology and Rural Development by
O.D. Thapar et.al, Central Board of Irrigation & Power - Sominar

(State of Art)

ONTENTS

on Small Hydro Power, Delhi - Janoary 1933

Kakrol Fall Ultra Low Head Hybrid Hydro Energy Development

by 0.D,Thapar; Devadutta Das and Arun Kumar
Energex 82, International Conference Canada

Control and Utilization of Small Scale Hydro Electric Power
by J.B.DuBow & O.D. Thapar; International Conference

Water Power 52; Washington D.C.

Water Resources Development Education and Research
by O.D,Thapar; Third World Congress on Water Resources;79,

Maxico

R

Page

Appendix -1

Appendix - 10

Appendix - 1T

Appendix - IV



SMALL,/MINI HYDRO POWER TECHNOLOGY RESEARCH AND EDUCATION

by

0.D. THAPAR
Director
Alternate Hydro Energy Centre
W.R.D.T.C.
University of Roorkee, Roorkee

INTRODUC TION

Welfare of our people mostly living in rural areas depends upon availability of energy. Depleting
fossil fuel resources demand harnessing renewable sources of energy.

World Hydro Power potential as estimated by a World Energy C onference C ommission set up In
1974 and referred in a recent publication [T] is given in Figure[T] Currently estimated water power
potential inIndia (1,5 ] s about 5-10,000 MW , Itis however, considered that as more data is avail-
able and Ultra Low Head Hydro (below 3 metres) development becomes economically feasible, small
hydro potential estimates will substantially increase.

Large hydro-electric plants are highly capital intensive, remotely located, have long gestation
periods and | mpoundments are potential environment hazard. Large intapped potential of energy in
our flowing streams, river slopes, canal falls and irrigation and water supply dama can be exploited
by small /minl hydro plant. This energy is available near ouwr rural load centres,

Further electrical energy being the highest form of energy can be used to upgrade other forms
of energy (solar and Momass) in hybrid aystems.

This paper reviews the state of art in the development of small /mini hydro plants with
special reference to technological development, ongoing Research. Need for bullding /strengthening
facilities for education; training, Research and Development for exploiting small hydro power are
brought out, Discussion are with special reference to small/mini on—going small hydro power e
research and educational programmes in India. Contemplated research programmes in Micro Hybr
Systems In Alternate Hydro Energy System also outlined, I

Classification :
Recommended classifications by Expert Panel of the United Nations Conference on New and

Renewable Sources of Energy [L] for ESCAP region and by Central Electricity Authority [£] (CEA)
for India I8 given in Table - 1.

Designation Capacity( Individual Units)
UN Expert Panel CEA Recommendations
Recommendations for India
Micro Hydro Electrlc Generation Up to 100 kKW Up to 100 kKW
Minl Hydro Electric Generation 101 to 1000 kKW 101 to 2000 kW
S8mall Hydro Electric Generation 1001 to 10,000 kW 1001 to 5,000 kW
(Unit size)

(Total Installation 15000 KW)

TABLE - 1



SMALL HYDRO POWER TECHNOLOGY

Small Hydro Power (SHP) technology may be discussed under following sub-heads:

a. Main Generating Equipment (turbines and generator etc.)
b. Controls {speed governing, voltage control ete.)

c. Civil Works

d, Utilization

Cost of mini hydro power is highly site specific. Present technological improvements are directed
towards reduction of coat by adopting standardised turbine and generator sets, simplified controls, simple
civil engineering and utilization of local man power and materials. Main problems in development of small
hydro plants are summarised below :

1. High capital costs

2. Equipment availabllity especially in ultra low head(below 3 meter) region,
3. High cost of controls and management

4, Low utilization (load) factor.

Typical cost distribution for low head and high head déyelopment are given in Figure 2,
Hydraulic Turbine :

Types of turbines suitable for mini /hydro development and soma manufacturcrs are shown in
Table 2. Recent development in turbine technology are standardised units , Ultra low head (below 3
meters) Turbine and adoption of pumps for uss as turbines in reverse mode to reduce costs.

Generators:

Conventionally hydro electric alternating current synchronous generatorare used. The generator (rotor)
should withstand turbine runaway speed i.e, the speed attained on sudden low throw—off . Brushless
excitations system generators uwsSed in mind hydel system can reduce maintenance costs and time.
Induction generators can also be used, Induction generators need excitation Source and as such can
only operate when connected to an existing electrical system from which it can obtain its excitation
current.

Controls and Protection :

Flow control by speed governing and other controls in mini hydro plants form a significant
component of equipment costs. Further controls need attended operation Electronic controllers to
keep load constant has been developed and do reduce costs and simplify operation. Simplicity,
adequacy within economical limits is the major requirement in evolving control system.

Civil Works :

Clvil works are highly site specific, In high head plant, typical elements of a small mini plants
are diversion and intake; disilting tank, channel , forebay, penstocks and power house. A typical [5]
high head scheme is shown in Figure 3. design criteria for small power plants is different from larger
plants because of cost constraints,
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TABLE 2:

TYPE OF TURBINE FOR SMALL HYDRO DEVELOPMENT

Type of Turbine

2.

8.

Cross flow Turbine

(Banki-Mitchell or
osherger Turbine)

Axial flow

a, Stra-flow

c. Bulb

'%ra.mﬂs

Kaplan (Vertical)
Pelton

Turgo Impulse

Name of some of the manufacturers

Schnelder Hydro Engine

Pump 28 Turbine

Suitable for

Head in meters Flow in cubic

range
1. Osberger Turbines e, 1 =200
Federal Republic of many
. Balaju Untrashala Nepal
1. Eischer Wyss Switzerland 2 - 50
2. Osta Chalskara USSR
. Allis Chalmers United States 2-15
2, J.M.Voith, Federal Republic
of Germany
3. 8 Rumsand Venksted Norway
4, Boving, United Kingdom
6. dJyotl Ltd., Baroda {ndia)
6, DBharat Heavy Electricals,
Bhopal, India
T. Flovel, Faridabad, (India)
8. Volest Alpine, Austria
1. Meypric, France
2. Eischer Wyas Switzerland 1.25-25
3. J.M.Voith,Federal Republic
of Germany
4, Fuji Electric, Japan
5. Tampella, Finland
1, Voist Alpine, Austria 8=-200
2. Tampella, Finland 1,1-T0
. Dress & Co. ,Federal Republic
of Germany 45-1000
4. Flovel, India
5. 85 Rumsand Verksted Norway
6. Jameco Leffel ,United States
7. J.M.Voith,Federal Republic
of Germany
1. Jyoti Ltd., India
2, Gilbert, Gilkes & Gordon,
United SKingdom 45-300
1. Lotte Schneider Engines
South Korea
2, Schneider Engine Co.,, 0.5-15
Justin, Texas
Pump mamstacturers H=30

meters range

0.03 -9

3-20

3.5 =30

3=70

0,3-6
3-40

0.06-3

1=5

1-8

0.05-3

S 1

Remarks

l
|
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Low head hydro stations involve handling large quantities of water and equipment costs are very high.
Mindmum civil engineering costs require unconventional approach. Low head canal falls typical details
are given in a recent paper (Appendix II}). Comprehensive knowledge of various aspects of engineering is

requred tor design the civil engineering components,
Utilisation :

A major cause of low productivity and very low benefit cost ratios of a large number of isolated
small hydro plants has been very low utilisation of power generated from flowing water,

Small Hydro Power System Technology and details of 400 kW Kakroi ultra low head (1.9 m) dem-ms-
tration plant belng set-up by Alternate Hydro Energy Centre were discussed recently elsewhere and

appended to this paper for reference as per details given below:

1. Thapar, 0.D. and Arun Kumar, Small Hydro Power System
Technology and Rural Development' Central Board of Irrigation
and Power, All India Seminar on Small Hydro Power Plant, Jan,-1983,

Appendix-
2,  Thapar,0.D, et al, "Kakroi Fall Ultra Low Head Hybrid Hydro Energy
Development’, Energex 82, An International Exposition amd Conference
in Canada; August 1982
Appeni:llxv-ll

SMALL HYDRO RESEARCH

Research and development in hydro electric is dependent upon the role which hydro electric will
play as a future power energy source and thus identify problem areas for research and development.
This was discussed by author in detail in Third World Congress at Mexico in 1979 [3] . Further
discuasion on S8HP technology research are given in Appendix1 & II & Il enclosed. Problem areas in
SHP development were also identified in a recent U,N,Publication [3] and extracted in Figure 4.

Accordingly following research areas in hydro-electric and SHP are identified:

k. Effect of development of various sources of energy onpattern of power demand to
be met by hydro generating stations.

2. Characteristics and control of hydro generating units to meet the new demuand patterns.

3. Development of non-conventional sources of hydro power generation, such as low falls,
tidal stations, pumps storage, etec,

4, Equipment development for utilising small hydro especially in Ultra Low Head region,

5. Low cost technology development for Civil Works.
6. Increased utilisation of energy viz. Hybrid System Development,

HYBRID SYSTEM DEVELOPMENT

A potential area for research in Hybrid System Development. Electrical energy being the highest
form of the energy can be used to upgrade other forms of energy in hybrid systems, Accordingly sur-
plus electrical energy (during periods of low electrical demand) can be hybridised with solar and bo-
mass energy which are other renewable energy resources available in rural areas s to produce value
added commodities like gaseous and liquid fuels, fertilizer and food processing systems, rural
material based industries such as soaps, insecticides and oil extraction systems etc.
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FIG.3 TYPICAL ARRANGEMENT OF MICRO HYDRO POWER STATION

Brief detalls of hybrid system as discussed recently are enclosed below :

" DuBow; J.B. and Thapar, O.D.; TControl and Utilization of Small Scale
Hydro-Electric Power ' International C orference Water Power-1981;
Washington D.C, " Appendix411

Hybrid system Integrating rural renewables 18 under development for use in rural areas of different
states of India by Alternate Hydro Energy Centre. Hyhrid System Development has a strong potential
for increasing the income and well being of rural areas outlined in Appendix1 & I,

A typleal system for hybrid demonstration system is shownin Appendix -1,

SMALL HYDRO POW ER EDUCATION AND TRAINING

General:
Hydro-electric is multl-disciplinary field, Educational programmes in the field were discussed
recently as detalled below and copy i8 enclosed for reference,
Thapar,0,D,; Water Resources Development Education and Research’ .
Third World Congress on Water Resources Maxico 1979 Appendix-1V
Current Post-Graduate programme in hydro-electric at Water Resources Development Training Centre
(W.R.D.T.C.) is also included in Appendix - I¥.
8mall Hydro Power education requires a mure broad based programme of education and training.

A knowledge of other renewable energy technologies and rural engineering is required as success of SHP
programme depends on integrated development of small hydro with other rural renewables,

A programme of education and training based on this concept may require three levels of training
and educational programmes,
a, Technldan lavel

b. Under-graduate level
c. Post-graduate level .
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Figure <1 Problems in and solutions for the development of SHP
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Multi -disciplinary programmes in the field of civil, electrical, mechancal are to be supplemented with
Chemlcal (Biomass); Electronics (Control) and soclo-economic fields.

Techniclan Tralning Programme:

Present technician level training programmes are in single disclpline 1. e, Civil, Mechanical , Electrical
etc. Multl-disclplinary traiming programme are required to enable Technicians to construct and manage small
installations pertairing to emerging renewable energy technologles and rural engineering.

Under -Graduate Training Programme :

At Under-Graduate level optional courses in energy technologles; rural englneering etc. need be doffered
in regular Civil, Mechaiical and Electrical engineering courses, In due course Rural Engineering could be
consldered as & branch of engineering with & multl -disciplinary content.

Post-Graduate Training & Research :

A specialised graduate training programme be introduced at Post-Graduate level open to Clvil,
Electrical and Mechanical Engineers,

A Post-Graduate traiming and research programme for Alternate Hydro Energy Production, energy
use and mansagement proposed as an integral part of Alternate Hydro Energy Centre 18 attached as Figure 5
and could be discussed.

CONC LUSION

Present state of art in 8mall Hydro Power Technology, research and education needs ia outlined for
discussion.
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P.G./M.E, COURSE (TENTATIVE) IN ALTERNATIVE HYDRO ENERGY PRODUCTION ENERGY USE

8l.No.

AND MANAGEMENT

Subjact

FIRST SEMESTER

o D R
. .

SECOND

Engineering Mathematics & Computer Programming

Rural Energy System Planning

W.R.D, Structures

Energy Svstem Equipment

Power System Operation and Flanning (For power system Englneers)
OR

Bio-Mass System

Power Distribution System & Utilisation
OR

Alternative Energy Resources and Technology

SEMESTER

System Analysis and Optimisation Technl ques

Generation Scheduling Energy Mapagemen!
OR

Energy Management

Power Electronics

OR

Mechanical Systems

S8mall Scale Hydro Generation Systems Design
OR

Hybrid Hydro Power System Design
OR

Installation, Maintenance and Testing of Energy System Equipment
OR

Ground Water Development

SPECIAL PROBLEMS

EDUCATIONAL TOURS

PROJECT

Total for First Year

THIRD SEMESTER

Energy Economlcs

Energy Law , Policy and Management
Energy Demand Analysis

Any of the two half units:

Computer Alded System Analysis
Sociology

Advanced Power Electronics
Control System

Dissertation

FIGURE - 5

Unit

1/2
1/2

1/2
24

13 Units

1/2

1/2

1/2
1/2
1/2
1/2



APPENDIX-I

SMALL HYDRO POWER SYSTEM TECHNOLOGY AND RURAL DEVELOPMENT

BY 0.D. THAPAR ET. AL. CENTRAL BOARD OF IRRIGATION & POWER-SEMINAR
ON SMALL HYDRO POWER, DELHI-JANUARY 1983



SMALL HYDRO POWER SYSTEM TECHNOLOGY AND
INTEGRATED RURAL DEVELOPMENT

0.D. THAPAR ARUN KUMAR
Professor & Director Scientist

Alternate Hydro Energy Centre
W.R.D.T.C., University of Roorkee, Roorkee

SYNOPSIS

The smaff and uftra fow head hydro powen generation foi
integrated nuraf devefopment has been descaibed with a special neference
to demonstration units being set by Alternate Hyaro Energy Centre.
Equipment options for fow head hydro power generation L4 discussed.,

Deve Lopment of Amaff hydro in integration with other nuraf nenewabfe
enengy souwrces {5 ouffined. ElLectronic controlfers to neplace conven-
tional controls is abso outfined. Neceasity o4 alfowing private seclor
to devefop amalf hydro up fo 1000 kI has been emphasized.

1 INTRODUCTION

Development, welfare and prosperity of the rural areas where
bulk of our population lives, is dependent upon the availability of
adequate amount of energy for irrigated agriculture and for rural

industries. Larnge potential of energy remains untapped in flowing
streams in our hills, canal falls, small irrigation dams, river slopes
and ocean tides. Bulk of this power is in low (below 30 m) and ultra
low head (below 3 m) region and is available near rural consumption

centres. This energy can be converted into electricity. Major comn
straints in cxploiting small scale hydro power may be summarised as

follows:

{1) High capital costs

(2} Equipment availability especially in ultra low head
region

(3) Higher cost of controls and management

(4) Low load factors.

Further electrical energy being the highest form of the energy
can be used to upgrade other forms of energy in hybrid systems.

Accordingly surplus electrical energy {during periocds of low
electrical demand) can be hybridised with solar and biomass energy

I - 4.1



I - 4.2

which are other renewable energy resources available in rural areas, to
produce value added commodities like gaseous and liquid fuels, fertili-
zers and food processing systems, rural material based industries such
as soaps, insecticides and oil extraction systems, etc. Hybrid system
integrating these sources of energy is under development for use in
rural areas of different states of India by Alternate Hydro Energy
Centre. Research under USAID programme is being carried out. Hybrid
system development has a strong potential for increasing the income and
well-being of rural areas as ocutlined below:

(i) Increase agricultural output due to availability of
energy (for agricultural operation) and fertilizers.
(ii) Timely availability of critical inputs to villagers
in terms of energy and commodities.
(iii) Generate more employment in village.
(iv) Provide alternate domestic fuel (save trees) utilise

agricultural and forest waste (increase rural income)
and hybrid centre provide nucleus for integrated rural
development.

(v) Improve life styles and tend to arrest population
migration to towns.

This paper discusses in particular the equipment and system
options available for ultra low head hybrid system development with
special reference to demonstration units being set up by the Alternate
Hydro Energy Centre. Peclicy required for accelerated development is
also outlined.

2. RESOURCES ASSESSMENT OF SMALL HYDRO POWER

The full potential of small hydro development has not been
assessed accurately as yet. For example, irrigation and water supply
in Central and South India is by impounding rain water. A large number
of such irrigation and water supply dams throughout the country are
without any hydro power facility. These low head dams can provide a
large amount of hydro power in a short -time. A large amount is likely
to be available in small streams, particularly in the hilly regions. A

pctinzial of over 200 MW is estimated in the canal falls of Haryana and
Pun jab.

An example of the impact of site inventory of small hydro on

estimated potential is seen i? Table I, where the evolution of US hydro-
electric potential is given(1),

2.1 Biomass

Very large quantities of agricultural commodities and associated
wastes are also available in the country as given in Table 11?2]. A

large quantity of forest residues and saw dust is also available.



