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Abstract: Usually small hydro units up to 5 MW are expected to require minimum amount
of field assembly and installation work. While machine having capacity from 5 MW to 25
MW may have slow speed, large diameter and with split generator stator that require final
winding assembly in the field. Mini & micro power stations are generally provided system
suiting to these being run unattended or with few attendants while bigger machines up to 5
MW capacity have more elaborate arrangement of control monitoring and protection.
Machine having capacity up to 25 MW and provision of parallel operation with other
systems will have more comprehensive control, monitoring & protection system. The
generating units of a small hydropower plant may have its shaft vertical, horizontal or
inclined with the type of turbine selected to suit the site’s physical conditions. Small hydro
turbines may be selected as per site conditions, head and discharge available. Small hydro-
generator are of the alternating current type and may be either synchronous or induction
type.

This paper aims an objective to study performance of Mini hydel schemes. This study
facilitates to take effective measures for reducing the cost which are also given. Analysis of
some mini hydel schemes, Mini hydel project in India, constructed on dam toe and canal
fall respectively is given. Parameters like cost of Civil work, by pass canal, intake structure
and cross regulation has been worked out. Cost benefit ratio and Annual return is
calculated. The constraints and problems arising in development of power hydel schemes
are known. Comparing with other alternative sources of energy, economics of Non-
Conventional energy schemes is given. Because of limited availability of coal and other
fossil fuels and for total upliftment of country, growth of remote places is of great
significance.

Keywords: Non- Conventional energy, Mini-Hydro Generation System, Small-scale
hydropower, turbine, run-of-river, Renewable Energy, Economic Assessment of Small
Hydro Power

I. INTRODUCTION
Hydropower is a well-established technology, which has been producing firm power at
competitive price for about a century. It is the principal source of electric power in some
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30 countries, and provides about one fifth of the world's annual electrical supply. Its
power stations include some of the largest artificial structures in the world. The dams,
which are constructed during the process, are considered as most vulnerable because
much of the forests and fertile soil is lost under the dam spread. Therefore, recent
development in hydropower concentrates on smaller projects. The classification of
hydropower is: Micro (<100 kW), mini (< upto SMW) and small hydro (about 5-30
MW). Only 10% of the developing countries' potential have been exploited so far. [4]
India has large hydroelectric resource with an estimated potential of 84,000 MW at
60% load factor. Much of this large potential is yet to be tapped. Worlds' undeveloped
potential has been estimated at 1.5-2 million MW. Nearly 20,000 MW of hydropower is
being added every year and most of this is taking place in Asia.

._../
~CLASSIFICATION OF HYDROPOWER PLAMNTS

———y
| Classifcstion of by dropesser plaots | —

Ao g oo Acoardingss |
Endrakagical Erapsmhsion |
relutian sustem |

Figure 1: Classification of hydro power technology (Sources:
http://www.slideshare.net/search/)

II. DEFINITION OF MINI HYDRO POWER TECHNOLOGY:
Hydropower is energy from water sources such as the ocean, rivers and waterfalls. “Mini-
hydro” means which can apply to sites ranging from a tiny scheme to electrify a single home,
to a few hundred kilowatts for selling into the National Grid. Small-scale hydropower is one
of the most cost-effective and reliable energy technologies to be considered for providing
clean electricity generation. The key advantages of small hydro are:

1 High efficiency (70 - 90%), by far the best of all energy technologies.

1 High capacity factor (typically >50%)

1 High level of predictability, varying with annual rainfall patterns

1 Slow rate of change; the output power varies only gradually from day to day (not from
minute to minute).

=

A good correlation with demand i.e. output is maximum in winter

=

It is a long-lasting and robust technology; systems can readily be engineered to last for
50 years or more.

Small hydro is in most cases “run-of-river”; in other words any dam or barrage is quite small,
usually just a weir, and little or no water is stored. Therefore run-of-river installations do not
have the same kinds of adverse effect on the local environment as large-scale hydro.

In practice, sites that are suitable for small-scale hydro schemes vary greatly. They include
mountainous locations where there are fast-flowing mountain streams and lowland areas with
wide rivers. In some cases development would involve the refurbishment of a historic water
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power site. In others it would require an entirely new construction. This section illustrates the
four most common layouts for a mini hydro scheme.

A variation on the canal-and-penstock layout for medium and high-head schemes is to use
only a penstock, and omit the use of a canal. This would be applicable where the terrain
would make canal construction difficult, or in an environmentally-sensitive location where
the scheme needs to be hidden and a buried penstock is the only acceptable solution.

Fenstock Only

Figure 2: Types of Mini Hydro power Scheme (Sources:
http://www.youtube.com/watch?v=ZIr_oGLstz0)
For low head schemes, there are two typical layouts. Where the project is a redevelopment of
an old scheme, there will often be a canal still in existence drawing water to an old power
house or watermill. It may make sense to re-use this canal, although in some cases this may

have been sized for a lower flow than would be cost-effective for a new scheme. In this case,
a barrage development may be possible on the same site. With a barrage development, the
turbine(s) are constructed as part of the weir or immediately adjacent to it, so that almost no
approach canal or pipe-work is required.

III. COMPONENTS & WORKING OF MINI HYDRO:
Main components of a small scale hydro power scheme can be summarized as follows:
Water is taken from the river by diverting it through an intake at a weir.In medium or high-
head installations water may first be carried horizontally to the forebay tank by a small canal
or ‘leat’. Before descending to the turbine, the water passes through a settling tank or
‘forebay’ in which the water is slowed down sufficiently for suspended particles to settle out.
Forebay is usually protected by a rack of metal bars (a trash rack) which filters out
waterborne debris.
A pressure pipe, or ‘penstock’, conveys the water from the forebay to the turbine, which is
enclosed in the powerhouse together with the generator and control equipment.

WWalr an take

Figure 3: Main components of Hydro power Scheme (Sources:
http://www.youtube.com/watch?v=ZIr oGLstz0)
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After leaving the turbine, the water discharges down a ‘tailrace’ canal back into the river. All
hydro turbines convert the energy from falling water into rotating shaft power, but there is
often confusion as to which type of turbine should be used in different circumstances. The
selection of the turbine depends upon the site characteristics, principally the head and flow
available, plus the desired running speed of the generator and whether the turbine will be
expected to operate in reduced flow conditions.
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Figure 4: Types and selection of turbine Hydro power Scheme for different
specification (Sources:http://www.youtube.com/watch?v=ZIr_oGLstz0)

IV.SPECIFICATION & STANDARD:

There is a series of standards, guidelines and manuals on hydropower issued by international
standards organizations like ISO, IEC, IEEE, ASME, USBR and the national statuary bodies
of several countries, including India where it has from CEA, REC, BIS and CBIP. But most
of them were prepared keeping in view the large water/ hydropower projects. SHP needs to
be made profitable and a long-term investment opportunity, while ensuring quality and
reliability of the power. To make SHP cost effective and reliable, standards, guidelines and
manuals are required covering entire range of SHP activities. Necessity of the standards/
guidelines and manuals has been strongly felt by developers, manufactures, consultants,
regulators and others. The efforts of Government of India have taken initiatives to prepare
about 30 standards for SHP and are expected available by the year 2011.

CROSSFLOW

Figure S: Types of turbine Hydro power Scheme (sources:
http://www.youtube.com/watch?v=hbzbjmQaxFg & http://www.slideshare.net/search/)
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V.MINI HYDRO POWER IN INDIA:
5 small hydro power projects of Uttarakhand Viz Lacchiwala micro hydro project, Ramgaarh
laghu jal vidyut pariyojna, Niti micro hydel project , Khairana (ramgarh) micro hydro project
and Malari micro hydro power project.
flLacchiwala is a village situated on the foothills of Mussoorie. It is alongside NH 74 and is
20 km from Dehradun towards Haridwar. Song is the river that provides all irrigation
facilities to the farmers. Apart from irrigation facility it also acts as a source of hydro-
electric power. The village has a capacity of 200 villagers. The hydro power has a capacity
of 7.5kW but runs at capacity of 5 kW.
f'Ramgaarh project is situated on the banks of the tributary of river Kosi Ramgaarh. Its
location is 30 km down towards Haldwani on Almora- Haldwani National Highway. The
total capacity of the project is SkW (1kW x 5). It was established during the year 2006-07
under UREDA. The project has been benefiting 10 families of the village Dopakhi
(Bargal). It is a multipurpose project with electricity generation capacity as well as facility
of flour mill (Punchakki) and Dhan machine.
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Figure 4.5: Hydro power Scheme at a glance in India (sources:
http://www.slideshare.net/search/)

fINiti Micro Hydel Scheme has been identified on the stream Ghat gadera in Chamoli
district of the hilly region of Uttarakhand. The project is well connected by metalled road
upto Gamashali and up to 200 metres foot track upto Niti. The diversion/intake site is
about 0.75 km from Niti village. The powerpotential available with the project is 25kW (1
x 25).

fKhairna is a village situated on the foothills of Almora. It is alongside of NH 87 and is 20
km from Bhimtal towards Almora. Ramgaarh is the river that provides irrigation facilities
to the farmers. Apart from irrigation facility it also acts as a source of hydro-electric
power. The village population is about 400 in numbers. The micro hydro power plant is
setup by UREDA, as an initiative to provide electricity to the area. It was established in
the year 1990. The micro hydro power has three turbines two of them in operation.
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{Malari is a village in hilly area, which do not have much of power requirement due to
being undeveloped, since it is situated in a remote area. The village is cut of from the
Ganges plain by the Garhwal range of greater Himalaya which comes under the great
Himalayas. The S0kW plant (2 x 25kW) has now become the life line of village as it caters
to the need of 90 families of the village and a border outpost establishment of Indo Tibetan
Border Police (ITBP) force. The power plant taps water from a local rivulet called Malari
gaarh, though most of the time and only 25kW electricity can be produced due to paucity
of water. 50kW is being produced only in the month of June, July and August. The power
plant has to be stopped in the month of January, February due to freezing of water. Due to
electrification of village the living conditions in the village has improved and the
Government have succeeded to check migrating population from the village.

VI. CONCLUSION AND PERFOMANCE ANALYSIS
Performance evaluation studies of the projects under taken are Environmental, Social and
Technical aspects like Utilization factor, Plant outage factors are considered.
Say example of Uttarakhand have an immense scope of development of micro hydropower
projects as large number of rivulets runs along its land but following data shows performance
and evaluation.

SLNo Name of the Project Utilization factor Plant outage factor
1 Lacchiwala Micro Hydro Project 0.66 0.37
2 Ramgaarh Laghu Jal Vidyut Pariyojna 0.80 0.33
3 Niti Micro Hydel Project 0.88 0.08
4 Khairana (Ramgarh) Micro Hydro Project 0.80 0.30
5 Malari Micro Hydro Power Project 0.54 0.65

Figure 4.5: Performance of Hydro power Scheme in Uttarkhand (sources:
http://www.slideshare.net/search/)

Moreover most of the villages are situated along these rivulets only and at many places there
is even more than one, these are the lifeline of the villages. The local people call them gaarh
and these gaarhs can be proved as the energy boosters of the villages.

The major problems faced by these projects due to which the plant outage factor is elevating
are-:

Paucity of water.

Breaching of conduits.

Very high flow during rainy seasons.

Silt and muddy water during periods of high discharges.

Freezing of water.

Problem of fragile ice.

Non availability or inaccessible grids to tap up surplus energy produced.

Wear and tear of conveyor belt.

Large time lapsed in repair and replacement of parts due to remoteness of power
plants.

XN R WD =

Following remedial measures are suggested to minimize the plant outage factor.-:
1. Connecting two or more gaarh where available.
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Lining of conduits, as it will also reduce losses as well as breeching will be checked.
Making proper arrangement for disposing surplus water during high discharge.
Installation of filters.

nbkh D

The fragile ice can be avoided by building up turbulence where its deposition creates

problem. For eg. put ribs inside the penstock.

6. Foam method may also be used as in other countries to deal with ice.

Extending grids to the micro hydropower plants where surplus energy is produced.
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