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Abstract

Large-scale hydro-electric power
has been used worldwide for a long
time to generate huge amounts of
power from water stored behind
massive dams. Small-scale hydro
power has been used for hundreds
of years for manufacturing, includ-
ing milling grain, sawing logs and
manufacturing cloth. However, it
can also be used without a dam to
generate electricity for home scale
remote power systems. These so-
called micro-hydro installations can
be a very good power source, as
they produce electricity round the
clock. Over the last few decades,
there has been a growing realization
in developing countries that micro
hydro has an important role to play
in the economic development of
remote rural areas. Micro hydro can
provide power for industrial, agri-
cultural and domestic uses through
direct mechanical power or by the
coupling of the turbine to a genera-
tor to produce electricity. This paper
deals with the potential of micro
hydropower in India and the possi-
bility of generating power in decen-
tralized mode.
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Introduction

The lack of energy supplies in
rural areas is a chronic problem.
In many developing countries less
than 10 percent of the rural popula-
tion has access to electricity. There
are still 1.6 billion people in the
world with no access to electricity,
almost all of them living in develop-
ing countries (Anon., 2006). Rural
electrification through conventional
means such as grid connection or
diesel generators is very costly. Wa-
ter is a traditional source of power
in many countries. The decentral-
ized small-scale water power or
micro-hydro schemes are a particu-
larly attractive option in many rural
areas.

For some years, interest in small
hydropower went down drastically
due to a number of factors: fast
growth in electricity demand glob-
ally; progress of other technologies;
success of large generation schemes
and large grids in bringing down
costs; mass production of small
diesel sets that are both portable
and easily installed; and easy ac-
cess to affordable diesel fuel. In the
more recent past, the energy crisis,

climate change and energy poverty
in developing countries has led to a
rethink. Planners and policy mak-
ers are being urged to review all
available energy options, especially
those decentralized sources that
could play a role supplying poor and
isolated communities with energy
for development.

History of Hydropower

The basic principle of hydropower
is that if water can be piped from a
certain level to a lower level, then
the resulting water pressure can be
used to do work. If the water pres-
sure is allowed to move a mechani-
cal component then that movement
involves the conversion of the
potential energy of the water into
mechanical energy. Hydro turbines
convert water pressure into mechan-
ical shaft power, which can be used
to drive an electricity generator, a
grinding mill or some other useful
device. The use of falling water as
a source of energy has been known
for a long time. Water wheels were
used in ancient times, but the use
of hydropower got a new impulse at
the beginning of the nineteenth cen-
tury with the invention of the hydro
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turbine.

Water wheels have been used
since ancient times to supply power
for grinding grain and other labori-
ous tasks. The first modern hydrau-
lic turbines were developed in the
first part of the nineteenth century
by Fourneyron in France. These
were further developed by a number
of researchers during the middle of
the century, so that by 1890 most of
the types of turbines now in use had
been invented. Thomas Edison’s
invention of the electric light and
ways to distribute electricity oc-
curred at about the same time lead-
ing to a great boom in hydroelectric
development in Europe and North
America. Until about the 1920s,
most hydroelectric developments
were quite small in the size range,
which is now called mini hydro or
even micro hydro. This was for two
reasons: people didn’t know how to
build really large dams and turbines,
and the small electric transmission
systems of the time made it difficult
to sell large amounts of electric-
ity. Generally, mini-hydro systems
would be used to power a town and
its surrounding area, while micro-
hydro systems were used on isolated
farms and ranches to provide power.

During the era of the 1950s and
1960s, advancing technology and
cheap oil, combined with improved
long-distance electric transmission
made it possible to sell electricity
cheaper than the earlier small hydro
plants could make it. Small hydro
is also well suited for developing
countries, and is being actively en-
couraged by many governments and
development organizations in order
to reduce oil imports and encour-
age development. Micro hydro has
a special role to play in developing
countries, since it makes it possible
to provide lighting, power, and com-
munications (such as television and
radio) even in arecas far from the
main electric power systems. Micro
hydro can, thus, play an important
role in promoting rural development
in remote areas.

Features of Micro Hydro

The micro hydropower is one of
the earliest known renewable energy
sources, in existence in the country
since the beginning of the 20th cen-
tury. In fact, much before that, the
technology was used in Himalayan
villages in the form of waterwheels
to provide motive power to run de-
vices like grinders. References to
mechanical energy extraction have
been found from as early as twelfth
century.

Micro hydro is usually defined
as having a generating capacity of
up to about 100 kW (Curtis, 1999).
This is about enough power for 6
or 8 houses in a developed country,
or it can provide basic lighting and
other services to a village of 50 to
80 houses. Micro-hydro generation
is best suited to providing small
amounts of power to individual
houses, farms, or small villages in
isolated areas. Mini-hydro systems
are larger, which is enough electric
power for a medium-sized town.
In general, micro-hydro plants use
much simpler and lower cost tech-
nology than mini-hydro plants. For
this reason, micro-hydro plants are
usually well suited to village level
development and local self-help
projects. With their simpler tech-
nologies, they can usually be built
by people with little special train-
ing, using mostly local materials
and skills. They are usually lower
in cost than mini-hydro and con-
ventional hydro plants, but they are
also less efficient, and the quality of
the electricity is not as good. Mini-

hydro plants, on the other hand, cost
more, but they produce the same
constant-frequency alternating cur-
rent (AC) electricity as large electric
power systems, so that they can
even be interconnected with a larger
system.

Micro-hydro plants generally
produce low-voltage direct current
(DC) electricity, or else low-voltage
variable-frequency alternating cur-
rent (AC). These kinds of electricity
are suited for lights, small motors,
and electric cookers, but not to run
large motors, many appliances, or
most industrial machinery. Perhaps,
most importantly, micro-hydro
plants cannot be interconnected
with other generating plants in an
electric system the way mini-hydro
and large hydro plants can. Spe-
cial machines called inverters can
convert DC power to the AC power
used in large electric systems, but
these are expensive and have limited
capacity.

The biggest advantage of micro
hydropower is that it is the only
clean’ and renewable source of
energy available round the clock. It
is free from many issues and con-
troversies that continue to hound’
large hydro, like the submergence
of forests, siltation of reservoirs,
rehabilitation and relocation, and
seismological threats. Other benefits
of small hydro are user friendliness,
low cost, and short gestation period.
In addition to these obvious ben-
efits, micro hydro contributes nu-
merous economic benefits as well.
It has served to enhance economic

Table 1 Definitions of small, mini, and micro hydro plants

Country Micro hydro, kW Mini hydro, kW Small hydro, MW

India <100 101-1000 1-15
United States <100 100-1,000 1-30
China - <500 0.5-25
Brazil <100 100-1,000 1-30
Norway <100 100-1,000 1-10
USSR <100 - 0.1-30
France 5-5,000 - -
Various <100 < 1,000 <10

Source: Moreire and Poole (1993)
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development and living standards
especially in remote areas with
limited or no electricity. In some
cases, rural dwellers have been able
to manage the switch from firewood
for cooking to electricity, thus,
limiting deforestation and also cut-
ting down on carbon emissions. On
the macro level, rural communities
have been able to attract new indus-
tries - mostly related to agriculture -
owing to their ability to draw power
from micro hydropower stations.

Hydropower is a very clean source
of energy. It does not consume but
only uses the water; after use it is
available for other purposes. The
conversion of the potential energy
of water into mechanical energy is
a technology with a high efficiency
(in most cases double that of con-
ventional thermal power stations).
The use of hydropower can make a
contribution to savings on exhaust-
ible energy sources. Each 500 kWh
of electricity generated with a hydro
plant is equivalent to 100 litre of oil
(assuming an efficiency of 38 per-
cent).

World Potential

Hydropower technology has been
extensively deployed throughout the
world at both large and small scale
for electricity generation, and at
small scale for mechanical power.
This generally places hydropower at
an advantage over other renewable
technologies for new deployment,
since operational or abandoned
schemes are often available within
the target country. Operation, de-
sign and construction experience
may also be available there. The
technology is technically and com-
mercially mature. Small scale hydro
schemes can make a useful contri-
bution to rural electrification strate-
gies, presenting a suitable alterna-
tive to decentralized diesel genera-
tion, particularly where fuel supply
is a problem. Some countries are
encouraging deployment through
subsidies and incentives.

About 737 GW of hydropower

India

with production 2,767 GWh/year
has been developed globally, 47
GWr/site of which is small hydro-
power. A total of about 118 GW of
hydro capacity is under construc-
tion. The remaining non utilized
global hydropower potential is es-
timated at 300 GW (Anon., 2004).
About 82 percent of total techni-
cally feasible hydropower potential
is exploited in USA, 73 percent in
Germany, 65 percent in Canada, 23
percent in China, but only 5 percent
in Africa and 13 percent in Asia as a
whole (Anon., 2006).

Indian Scenario

The Ministry of Power, Govern-
ment of India is responsible for the
development of large hydropower
projects in the country, whereas
Ministry of New and Renewable

Energy (MNRE) has been respon-
sible for small and mini hydro proj-
ects up to 3 MW station capacity
since 1989. The subject of small
hydro between 3-25 MW has been
assigned to MNES from 1999.
While there has been a continuous
increase in the installed capacity of
hydropower stations in India, which
presently is 29,500 MW, the share
of hydropower has been reduced to
only 25 percent in the total installed
for power generation from 50.62
percent in 1963 (Anon., 2005).

An estimated potential of about
15,000 MW of small hydropower
projects exists in India (Anon.,
2004). Ministry of New and Renew-
able Energy has created a database
of potential sites of small hydro
based on information from various
states and on studies conducted by

Fig. 1 Hydropower categorization in India
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the Central Electricity Authority.
For projects up to 25 MW capacity,
4,096 potential sites with an aggre-
gate capacity of 10,071 MW have
been identified. Himachal Pradesh,
Jammu Kashmir, Uttar Pradesh, Gu-
jarat, Maharashtra, Andhra Pradesh,
Karnataka, Kerala, Tamil Nadu,
Bihar, West Bengal and Arunachal
Pradesh have been identified as key
states with potential for small hydro.

Small hydropower technology
was introduced in India shortly after
the commissioning of the world’s
first hydroelectric installation at
Appleton, USA in 1882. The 130
kW plant at Darjeeling in the year
1897 was the first small hydropower
installation in the country. A few
other power houses belonging to
that period such as Shivasundaram
in Mysore (2 MW, 1902), Galgoi in
Mussoorie (3 MW, 1907), and Cha-
ba (1.75 MW, 1914) and Jubbal (50
kW, 1930) near Shimla, are reported
to be still functioning properly.

Performance of Micro Hydro

To determine the power potential
of the water flowing in a river or
stream it is necessary to determine
both the flow rate of the water and
the head through which the water
can be made to fall. The flow rate is
the quantity of water flowing past a
point in a given time. Typical flow
rate units are litres per second or cu-
bic metres per second. The head is
the vertical height, in metres, from
the turbine up to the point where the
water enters the intake pipe or pen-
stock. The potential power can be
calculated as follows:

P=981 xQxH

where, P is theoretical power in
kW, Q is flow rate in m%/s, H is head
in m, and g is acceleration of grav-
ity (9.81 m/s?).

However, energy is always lost
when it is converted from one form
to another. Small water turbines
rarely have efficiencies better than
80 percent. Power will also be lost
in the pipe carrying the water to the
turbine, due to frictional losses. By

careful design, this loss can be re-
duced to only a small percentage. A
rough guide used for small systems
of a few kW rating is to take the
overall efficiency as approximately
50 percent. Thus, the theoretical
power must be multiplied by 0.5 for
a more realistic Fig.

If a machine is operated under
conditions other than full load or
full flow then other significant inef-
ficiencies must be considered. Part
flow and part load characteristics of
the equipment need to be known to
assess the performance under these
conditions. It is always preferable
to run all equipment at the rated
design flow and load conditions, but
it is not always practical or possible
where river flow fluctuates through-
out the year or where daily load pat-
terns vary considerably.

Depending on the end use require-
ments of the generated power, the
output from the turbine shaft can be
used directly as mechanical power
or the turbine can be connected to
an electrical generator to produce
electricity. For many rural industrial
applications shaft power is suitable
(for food processing such as milling
or oil extraction, sawmill, carpen-
try workshop, small scale mining
equipment, etc.), but many applica-
tions require conversion to electrical
power. For domestic applications
electricity is preferred.

Components of Micro Hydro
There are many variations of
micro-hydro systems. Some of the
factors that will affect the kind of
system to be built are: the amount of
power needed; the quantity of flow-
ing water available; the available
head; the source of the water (from
an irrigation canal, a pipeline, be-
hind a dam, or from a free-flowing
river or stream); affordable invest-
ment; and the manual skills and lo-
cal materials available. All micro-
hydro systems, whatever their other
differences, have a number of fea-
tures in common. Each must have a
source of water, and a place to put

the water afterwards (the discharge).
The source must be higher than the
discharge; the greater the difference
in height, the greater the available
head will be. In addition, there must
be some means of getting the water
from the source to the power plant,
and then from the power plant to the
discharge. Finally, there must be the
power plant itself, which will con-
tain one or more turbines driven by
the flowing water, and one or more
generators driven by the turbines.
Alternatively, the turbines can sup-
ply mechanical power to drive some
other machinery, such as a mill or
saw, directly, without converting
the mechanical power into electri-
cal power and back. Sometimes,
systems are arranged to supply me-
chanical power during the day, and
then supply electricity for lighting at
night.

a) Site and construction

The best geographical areas for
exploiting small-scale hydropower
are those where there are steep
rivers flowing all year round, for
example, the hill areas of coun-
tries with high year-round rainfall,
or the great mountain ranges and
their foothills, like the Himalayas.
Islands with moist marine climates
are also suitable. Low-head turbines
have been developed for small-scale
exploitation of rivers where there is
a small head but sufficient flow to
provide adequate power. To assess
the suitability of a potential site, the
hydrology of the site needs to be
known and a site survey carried out,
to determine actual flow and head
data. This data gives a good overall
picture of annual rain patterns and
likely fluctuations in precipitation
and, therefore, flow patterns. The
site survey gives more detailed in-
formation of the site conditions to
allow power calculation to be done
and design work to begin. Flow data
should be gathered over a period of
at least one full year where possible,
so as to ascertain the fluctuation in
river flow over the various seasons.

The extent and the cost of the civil
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works needed for a micro hydro
plant vary a great deal, depend-
ing on the nature of the site where
the plant is located. Generally, the
more water-hydropower plants must
handle, and the further they must
carry it, the more expensive the
civil works will be. For this reason,
micro hydro plants with a lot of
head are usually cheaper than low-
head plants, since the lower head
means a greater amount of water is
required. However, many low-head
plants can be built to take advantage
of existing irrigation and water-
supply works, such as dams and ca-
nals. Combining micro hydro with
a water supply or irrigation project
can also help to make that project
more practical, since the power
from the hydro plant can help to
pay for some of the cost of the total
project. The civil works can usually
be built from local materials, using
local construction techniques and
labor, along with a few imported
materials such as cement. The ex-
ception to this may be the penstock,
which must be able to withstand the
pressure of the water. If the head
is more than 5 m, this will require
metal pipe. This can be expensive,
since a fairly large diameter pipe
is required in order to reduce the
amount of head lost from friction.
If a dam should break, it can release
water with great violence, and even
a seemingly small amount of water
can cause enormous destruction and
loss of life.

Most hydro systems require a
pipeline to feed water to the tur-
bine. The exception is a propeller
machine with an open intake. The
water should pass first through a
simple filter to block debris that
may clog or damage the machine.
The intake should be placed off to
the side of the main water flow to
protect it from the direct force of
the water and debris during high
flows. It is important to use a pipe-
line of sufficiently large diameter to
minimize friction losses from the
moving water. When possible, the

pipeline should be buried. This sta-
bilizes the pipe and prevents critters
from chewing it. Pipelines are usu-
ally made from PVC or polyethylene
although metal or concrete pipes
can also be used.

b) Hydraulic turbine

Although traditional waterwheels
of various types have been used for
centuries, they are not usually suit-
able for generating electricity: They
are heavy, large and turn at low
speeds. They require complex gear-
ing to reach speeds to run an elec-
tric generator. They also have icing
problems in cold climates. Water
turbines rotate at higher speeds, are
lighter and more compact. Turbines
are more appropriate for electricity
generation and are usually more ef-
ficient.

There are two basic kinds of tur-
bines: impulse and reaction. Impulse
machines use a nozzle at the end of
the pipeline that converts the water
under pressure into a fast moving
jet. This jet is then directed at the
turbine wheel (also called the run-
ner), which is designed to convert as
much of the jet’s kinetic energy as
possible into shaft power. Common
impulse turbines are pelton, turgo
and cross-flow (Smith, 1994). In
reaction turbines the energy of the
water is converted from pressure to
velocity within the guide vanes and
the turbine wheel itself. Some lawn
sprinklers are reaction turbines.
They spin themselves around as a
reaction to the action of the water
squirting from the nozzles in the
arms of the rotor. Examples of reac-
tion turbines are propeller and Fran-
cis turbines.

In the family of impulse ma-
chines, the pelton is used for the
lowest flows and highest heads. The
cross-flow is used where flows are
highest and heads are lowest. The
turgo is used for intermediate con-
ditions. Propeller (reaction) turbines
can operate on as little as two feet of
head. A turgo requires at least four
feet and a pelton needs at least ten
feet. These are only rough guide-

lines with overlap in applications.
The cross-flow (impulse) turbine is
the only machine that readily lends
itself to user construction. They
can be made in modular widths and
variable nozzles can be used. Most
developed sites now use impulse
turbines. These turbines are very
simple and relatively cheap. As the
stream flow varies, water flow to the
turbine can be easily controlled by
changing nozzle sizes or by using
adjustable nozzles. In contrast, most
small reaction turbines cannot be
adjusted to accommodate variable
water flow. Those that are adjust-
able are very expensive because of
the movable guide vanes and blades
they require. If sufficient water is
not available for full operation of a
reaction machine, performance suf-
fers greatly.

An advantage of reaction ma-
chines is that they can use the full
head available at a site. An impulse
turbine must be mounted above the
tail-water level and the effective
head is measured down to the noz-
zle level. For the reaction turbine,
the full available head is measured
between the two water levels while
the turbine can be mounted well
above the level of the exiting water.
This is possible because the draft
tube used with the machine recovers
some of the pressure head after the
water exits the turbine. This cone-
shaped tube converts the velocity of
the flowing water into pressure as it
is decelerated by the draft tube’s in-
creasing cross section. This creates
suction on the underside of the run-
ner. Centrifugal pumps are some-
times used as practical substitutes
for reaction turbines with good re-
sults. They can have high efficiency
and are readily available (both new
and used) at prices much lower than
actual reaction turbines. However, it
may be difficult to select the correct
pump because data on its perfor-
mance as a turbine are usually not
available or are not straightforward.
One reason more reaction turbines
are not in use is the lack of available
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machines in small sizes.

¢) Generator and electric gear

Most battery-based systems use
an automotive alternator. If selected
carefully, and rewound when ap-
propriate, the alternator can achieve
very good performance. A rheostat
can be installed in the field circuit
to maximize the output. Rewound
alternators can be used even in the
100-200 V range. An induction mo-
tor with appropriate capacitance for
excitation can be used as a genera-
tor, for higher voltages (100-400 V).
This will operate in a small battery
charging system as well as in larger
AC direct systems of several kilo-
watts. Another type of generator
used with micro hydro systems is
the DC motor. Usually permanent
magnet types are preferable. How-
ever, these have serious mainte-
nance problems because the entire
output passes through their carbon
commutators and brushes.

The electrical gear or electrical
system for a micro hydro system
consists of the electric generator,
other electrical devices in the pow-
erhouse, and electric wires that take
the electricity from the powerhouse
to the place where it is to be used.
There are a number of different
possible arrangements for this. One
of the most common arrangements
for micro-hydro systems is a low-
voltage DC system, similar to an
automobile’s electrical system.
This arrangement can also be used
to produce moderate-voltage AC
power (like that which is available
from an electric utility) by means
of an inverter. Another arrange-
ment, which is commonly used in
mini hydro, is to generate moderate-
voltage or high-voltage AC directly,
using a synchronous generator.

d) Load control governors

The load factor is the amount of
power used divided by the amount
of power that is available if the
turbine were to be used continu-
ously. Unlike technologies relying
on costly fuel sources the ‘fuel’ for
hydropower generation is free and,

therefore, the plant becomes more
cost effective if run for a high per-
centage of the time. If the turbine is
only used for domestic lighting in
the evenings then the plant factor
will be very low. If the turbine pro-
vides power for rural industry dur-
ing the day, meets domestic demand
during the evening, and maybe
pumps water for irrigation in the
evening, then the plant factor will be
high. It is very important to ensure
a high plant factor if the scheme is
to be cost effective and this should
be taken into account during the
planning stage. Many schemes use
a ‘dump’ load (in conjunction with
an electronic load controller - see
below), which is effectively a low
priority energy demand that can ac-
cept surplus energy when excess is
produced, e.g. water heating, stor-
age heaters or storage cookers.

Water turbines, like petrol or
diesel engines, will vary in speed
as load is applied or relieved. Al-
though not such a great problem
with machinery, which uses direct
shaft power, this speed variation
will seriously affect both frequency
and voltage output from a generator.
Traditionally, complex hydraulic or
mechanical speed governors altered
flow as the load varied, but more
recently an electronic load con-
troller (ELC) has been developed
which has increased the simplicity
and reliability of modern micro
hydro sets. The ELC prevents speed
variations by continuously adding
or subtracting an artificial load, so
that in effect, the turbine is work-
ing permanently under full load. A
further benefit is that the ELC has
no moving parts, is very reliable
and virtually maintenance free. The
advent of electronic load control has
allowed the introduction of simple
and efficient, multi-jet turbines, no
longer burdened by expensive hy-
draulic governors.

f) Power supply

Power can be supplied by a mi-
cro hydro system in two ways. In a
battery-based system, power is gen-

erated at a level equal to the average
demand and stored in batteries. Bat-
teries can supply power as needed
at levels much higher than that
generated and during times of low
demand, the excess can be stored. If
enough energy is available from the
water, an AC-direct system can gen-
erate power as alternating current
(AC). This system typically requires
a much higher power level than the
battery-based system.

i) Battery based systems: Most
home power systems are battery
based. They require far less water
than AC systems and are usually
less expensive. Because the energy
is stored in batteries, the genera-
tor can be shut down for servicing
without interrupting the power de-
livered to the loads. Since only the
average load needs to be generated
in this type of system, the pipeline,
turbine, generator and other com-
ponents can be much smaller than
those in an AC system. Very reliable
inverters are available to convert
DC battery power into AC output
(120 volt, 60 Hz). These are used to
power most or all home appliances.
This makes it possible to have a sys-
tem that is nearly indistinguishable
from a house using utility power.
The input voltage to the batteries
in a battery-based system com-
monly ranges from 12 to 48 Volts
DC. If the transmission distance
is not great then 12 Volts is often
high enough. A 24 Volt system is
used if the power level or transmis-
sion distance is greater. If all of the
loads are inverter powered, the bat-
tery voltage is independent of the
inverter output voltage and voltages
of 48 or 120 may be used to over-
come long transmission distances.
Although batteries and inverters can
be specified for these voltages, it is
common to convert the high voltage
back down to 12 or 24 Volts (bat-
tery voltage) using transformers or
solid state converters. Wind or solar
power sources can assist in power
production because batteries are
used. Also, DC loads (appliances
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or lights designed for DC) can be
operated directly from the batteries.
DC versions of many appliances are
available, although they often cost
more and are harder to find, and
in some cases, quality and perfor-
mance vary.

ii) AC-direct systems: This is the
system type used by utilities. It can
also be used on a home power scale
under the right conditions. In an AC
system, there is no battery storage.
This means that the generator must
be capable of supplying the instan-
taneous demand, including the peak
load. The most difficult load is the
short-duration power surge drawn
by an induction motor found in
refrigerators, freezers, washing ma-
chines, some power tools and other
appliances. Even though the running
load of an induction motor may be
only a few hundred watts, the start-
ing load may be 3 to 7 times this
level or several kilowatts. Since oth-
er appliances may also be operating
at the same time, a minimum power
level of 2 to 3 kW may be required
for an AC system, depending on
the nature of the loads. In a typical
AC system, an electronic controller
keeps voltage and frequency within
certain limits. The hydro’s output is
monitored and any unused power is
transferred to a shunt load, such as a
hot water heater. The controller acts
like an automatic dimmer switch
that monitors the generator output
frequency cycle by cycle and diverts
power to the shunt load(s) in order
to maintain a constant speed or load
balance on the generator. There is
almost always enough excess power
from this type of system to heat do-
mestic hot water and provide some,
if not all, of a home’s space heating.

Conclusion

Even though micro hydro has had
an early start, the pace of growth in
this sector has been very slow; vis-
-vis large hydro. This can be attrib-
uted to the rapid pace of industrial-

ization after independence, which
requires huge amounts of power and
necessitates the installation of large
multi-purpose power projects. How-
ever, with growing consciousness
and concern about the environment,
the focus has shifted towards the
development of small, user friendly,
and decentralized power projects
with low gestation periods. Multi-
faceted impetus is being provided
by various agencies in the sector; for
instance World Bank credit through
the Indian Renewable Energy De-
velopment Agency and the Hilly
Hydro Project funded by United
Nations Development Programme-
Global Environment Facility. The
Ministry of New and Renewable
Energy is offering, through its nor-
mal budget, a host of incentives for
surveys, investigations, preparation
of detailed project reports, and ex-
ecution of projects. With these new
and exciting developments, micro
hydropower in India is poised to
make a big splash.

REFERENCES

Anonymous. 1995. Low-cost Elec-
trification - Affordable Electric-
ity Installation for Low-Income
Households in Developing Coun-
tries. IT Consultants.

Anonymous, 2000. The Micro
Hydro Pelton Turbine Manual:
Design, Manufacture and Installa-
tion for Small Scale Hydropower.
Jeremy Thake. ITDG Publishing.

Anonymous. 2004. The Interna-
tional Journal on Hydropower &
Dams.

Anonymous. 2004. Annual Report
2003-04. Ministry of New and
Renewable Energy. Government
of India.

Anonymous. 2006. International
Network on Small Hydro Power
Conference, Vienna, Austria.

Curtis, Dan, 1999. Going with the
Flow: Small-scale Water Power.
CAT 1999.

Fraenkel, P., O. Paish, V. Bokalders.

1991. A Micro Hydro Power: A
Guide for Development Work-
ers, ITDG Publishing, IT Power,
Stockholm Environment Institute.

Harvey, A. and A. Brown. 1992.
Micro-hydro Design Manual.
ITDG Publishing.

Moreire, J. R. and Poole, A. D. 1993.
Hydropower and its constraints.
Journal of energy sources for fu-
els and electricity (ISBN 1-85383-
155-7).

Smith, Nigel. 1994. Motors as Gen-
erators for Micro-Hydro Power.
IT Publications.

Williams, Arthur. 1995. Pumps as
Turbines— A Users Guide. ITDG
Publishing.

(1]

VOL.43 NO.2 2012 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 31



