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Energy Scenario in India

Emerging economies are particularly facing severe energy crisis. Therefore, energy
sufficiency is the latest catchword for the wellbeing of a country, particularly for India
where economy is growing at 8-9 percent annually. The large domestic population also puts
significant pressure on power generation. In some states like Bihar or Tamilnadu the energy
scenario is pretty dismal. It often leads to public outcries and demonstrations.

Global installed power generation capacity is estimated at about 5000 GW, of which India
accounts for just about 170 GW. The demand for power has been increasing in India due to
the growth in the Country’s economy. Over the last 10 years, energy and peak demand
shortage averaged around 8% and 12% respectively. Renewable energy accounts for about
11% of the total installed power generation of 170 GW. Wind energy, with an installed
capacity of around 14 GW, accounts for the bulk of installed renewable energy capacity in
India.

From 1984 to 2011, the demand for electric power increased at the rate of 6.35% per
annum and the availability increased at the rate of 6.28%. Given that we started off on a
power deficit, the energy deficit and peak power deficit both exist. Given the current rapid
economic expansion, the demand will grow much faster. For the Indian economy to grow at
9% annually, additional capacity of 60 GW must be added every five years. Government’s
promise of 100% electricity to domestic users will also push up consumption.

According to the Government’s own calculations,
the peak power deficit (gap between demand and
supply) in the summer 2010 was 10.8 per cent.
Power distribution is another area that needs
serious attention – loses in distribution in India
were calculated over 30 per cent. The Union power
ministry has set a target of 100 GW of additional
power generation between 2012 and 2017. By far,
India has achieved the greatest success in the wind
power with an installed capacity of 12,009 MW.
Solar power is another focus area. The Jawaharlal

Nehru National Solar Mission (JNNSM) seeks to increase grid-connected solar capacity to 1
GW by 2013, 20 GW by 2020, and 22 GW by 2022 to ward off energy crisis.

As of December 2010, the installed power generation capacity of India stood at 169 GW
and is trying to add another 78 GW by 2012. The demand for electricity is expected to be
about 1,000 GW by 2030. It has invested heavily in renewable energy, particularly in the
wind energy – current installed capacity is about 13 GW. It also aims to produce 20 GW
from solar power and 30 GW from nuclear energy in next 10-15 years. An investment of US
$55 billion is expected by 2015 in the renewable energy sector, generating 35 GW power.

Besides the increasing demand for power, gross inefficiencies and chaotic functioning of the
power sector puts further pressure on power supply. For instance, the transmission and
distribution networks are highly inefficient – experts say that there is 30 – 35% power loss.
Financial health of the state electricity boards is poor. Capacity utilization is very poor:

 Most hydro and thermal power stations operate at 87% load factor.
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 Thermal plants face shortage of coal
 Nuclear power plants operate at 50% loads, due to shortage of uranium
 In 2008, four gas based power projects were idle due to lack of fuel linkage

Why India is the preferred destination for Renewable Energy

 It globally ranks 8th in investments made in clean energy technologies
 It is globally 3rd best investment destination in renewable energy sector
 Jawahar Lal Nehru National Solar Mission (JNNSM) aims to generate 1 GW of grid connected

solar power by 2013, 5 GW by 2017 and 20 GW by 2022.
 Indian clean energy sector is a US $20 Bn opportunity annually
 The installed capacity for wind energy has grown at a CAGR of 19% to reach ~14 GW in FY 11
 7 of the top 10 global wind turbine manufacturers have manufacturing facilities in India
 The total potential of small hydro power and biomass energy is estimated at 15GW and 18 GW

respectively
 Cleantech sector has the potential to generate 10 mn jobs in India by 2025

Comparing Different Power Sources

By itself, electricity is an exceptionally clean form of energy – but we have to consider how
it is generated. Fossil fuels (coal and gas) are still the major source for power generation,
although the global warming and climate change problems have generated worldwide
awareness to shift to non-polluting and renewable power sources. Electricity generation is
currently the largest source of energy-related CO2 emissions in the world.

With the exception of hydropower, wind and photovoltaic solar energy, other types of
power plants generate electricity by burning fuel. Energy from burning fuel heats water-
filled pipes, and the resulting high-pressure steam is used to drive a turbine that is
connected to a generator. Nuclear power plants work similarly, although the "fuel" used to
produce steam is radioactive material and the heat is generated through nuclear fission
(splitting atoms like uranium).

Each method of generating electricity has advantages and disadvantages, as well as
significantly different effects on the environment. The chart below helps understand the
differences between the environmental impacts of various energy sources used to generate
electricity:

Fuel Type
CO2

Emissions per
kWh

Power
Availability

Ongoing
Fuel Costs Other Environmental Impact

Coal About 200
pounds

24x7, 365 days a
year YES

Strip mining & groundwater
contamination
Airborne mercury contamination
Non-renewable fuel source

Natural Gas About 130
pounds

24x7, 365 days a
year YES Non-renewable fuel source

Nuclear Zero 24x7, 365 days a
year YES Extremely dangerous toxic waste

Non-renewable fuel source

Wind Zero Varies directly
with wind speed NO

Potential bird kill
Highly visible
Noise issues
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Solar Zero
Daytime and
sunshine only,
affected by clouds

NO High energy used in manufacture
Toxic silicon tetrachloride waste

Water
(Reservoir
Type)

Zero 24x7, affected by
seasonal rainfall NO

Flooding behind dam
Impact on fish migration (if not
mitigated)

Water (Run-
of-the-river) Zero 24x7, affected by

seasonal rainfall NO Reduction in stream water flow

Why Hydro Power?

Hydro is the most well-established form of renewable electricity production. In 2010, hydro
comprised about 80% of all of the renewable electricity capacity in the world, and
accounted for about 20% of global electricity production capacity. Hydropower is also
the most efficient means we know of to convert energy into electricity. Typically 85%-95%
of the energy in water is converted to electricity, compared to 15%-20% for PV solar, 35%-
45% for wind, and 30%-45% for coal. Various studies have established the ideal
Hydro:Thermal power mix for India at to be at 60:40. The present mix of 75:25 is creating
much problem in the Indian power system, particularly with peaking shortage. Hence,
hydropower must be developed at much faster pace than rest of the other power sources.

Countries with Most Hydroelectric Capacity

Many countries in the Nordic region and South
America are almost completely dependent on
hydro power for their energy needs. Venezuela,
Norway and Paraguay are almost 100%
dependent on hydro power. Paraguay, due to
the Itati Dam, exports a massive portion to
neighboring countries as well. Brazil,
Switzerland, New Zealand are some other
countries with a very high percentage of hydro
power. The Three Gorges Dam (see the
picture here) is largest capacity hydroelectric dam in the world with a capacity of
around 22.5 GW. The Three Gorges Dam has an astounding 26 Turbines of 700 MW totaling
18.2 GW which were completed in 2008. The plant is expanding further to 22.5 by 2012.
Before it the Itaipu Hydroelectricity Power Plant, built in 2003, in Brazil with 14 GW capacity
was the largest hydro project.

Hydroelectricity power plants are the biggest power stations
in the world dwarfing the biggest nuclear and coal power
projects. The Three Gorge Dam in China which at 22.5 GW is
more than 50% larger than the 2nd biggest power station in
the world. Most of the world’s largest hydroelectricity plants
in the world are situation in China and South America. North
America also has some of the larger hydro power plants.
China is the by far the world leader in hydro power plant
capacity with around 200 GW which it aims to double to
around 400 GW by 2020.Other major hydroelectricity
countries are Canada, USA, Brazil and India.

Benefits of Hydro Power

Largest Hydropower Countries

Here are the countries with largest
installed hydropower capacities:

1. China 200 GW
2. Canada 89 GW
3. USA 80 GW
4. Brazil 70 GW
5. Russia 45 GW
6. India 33 GW
7. Norway 27 GW
8. Japan 27 GW
9. Venezuela 15 GW
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Hydropower has immense benefits and has been brought forward as a preferred option
for power generation over the last decade. The reasons for these can be summed as
follows:
 It is totally renewable and non-polluting and

can also provide a more stable price regime
over a long period of time.

 Long life - The first hydro project completed
in 1897 is still in operation at Darjeeling.

 It has remarkably higher efficiency (over 90%) compared to thermal (35%) and gas
(around 50%).

 It has inherent capability for quick starting, stopping, load variations, etc. and is
thus ideally suited for meeting the peaking demand; thus, is useful for enhancing
reliability and stability of the power supply system

 Generation cost is not only inflation free but it also reduces with time.
 Development of hydropower projects is also in many cases associated with

irrigation, drinking water, flood control, pisciculture, navigation, recreation and
tourism benefits.

 Being located in remote regions, hydro power installations lead to development of
remote and backward areas (education, medical, road communication, etc.)

 Pumped storage plants can effectively regulate the energy availability during the day
by pumping up water into the reservoir during off-peak hours when there is surplus
energy in the grid and generating power from this stored water when needed during
peak hours. They can also quickly reverse their mode of operation from pumping to
generating and vice versa. Thus pumped storage plants offer much needed flexibility
in meeting the peak demand and improving the grid stability.

 Small hydro plants have least environmental impacts and would be ideally suited for
rural electrification particularly in remote areas.

Reasons for Slow Development of Hydro Power
Even with these benefits, hydropower has had slow development in India especially in last
few decades. This has primarily been due to:

 Long gestation period
 Time consuming process for project clearances
 Until recently, the national focus has been on thermal generation
 Highly capital intensive and absence of committed funds
 Poor financial health of State Electricity Boards (SEBs)
 Technical constraints due to complex geological nature of the projects
 Inter-state disputes as Water is a state subject
 Absence of long tenure loans makes it difficult for private investors
 Advance against depreciation is disallowed
 14% return on equity (ROE) is not attractive enough for investors
 Dearth of competent contracting agencies to construct the project site

Oldest Hydropower Plant in India

The oldest hydropower plant is in Darjeeling
district in West Bengal with an installed

capacity of 130KW and was commissioned in
1897.
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Realizing these hurdles, the Government of India introduced a national policy on
Hydropower development in 1998, in which hydropower has been accepted a national
priority with emphasis on un-harnessed potential especially in the NE region. Key policy
initiatives to accelerate hydropower have been introduced in the policy document, which
are discussed in detail in a later section.

What is Hydro Power?

The Energy from Falling Water

Hydropower captures the energy produced by moving water. The
method for harnessing this power are remarkably simple: Falling
water possesses energy. Look at the photo of a water wheel driven
by falling water. When water falls downwards, its gravitational
potential energy is converted into kinetic energy. The kinetic energy
is transferred to the water wheel and the water wheel rotates. If the
water wheel is connected to a generator, electricity can be
generated. This is the basic principle of hydroelectricity: using falling
water to generate electricity.

Of course, the design of a hydroelectric power plant is
much more advanced than that of a water wheel, but they
rely on the same principles used to power mankind’s
earliest machines.. For a typical hydroelectric power plant,
a dam is built to store water at a higher level. Water is
controlled to flow through the dam, driving the turbine
generators near the base of the dam to generate electricity.

A quiet lake may have the potential to generate power, but
nothing happens until the water moves. Fortunately,
Nature already has an inbuilt mechanism of moving water –
called Water Cycle.

What is Water Cycle?

Water evaporates from the ocean into the atmosphere and forms clouds as it cools. Then, the water
returns to the earth as rain and snow, eventually forming streams and rivers as it heads back to the
ocean to start the process all over again. Thanks to gravity, the water moving down those streams
and rivers can pick up tremendous force – energy we can put to work as hydropower. That’s the
essence of Hydropower: extracting energy from water as it flows by.

It’s easy to see why water power can be so
compelling. As long as water is flowing down the hill,
power can be extracted from it. Nothing is consumed;
the water simply continues on. Water is a 100%
clean, renewable resource – with some added
advantages: streams and rivers still flow even when
the sun goes down and the wind stops blowing.
Moreover, the electricity from water power is far less
expensive to produce than solar or wind power.

Generating Hydroelectric Power
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The water-wheels of earlier days are replaced with more efficient water turbines to
generate electricity. However, the fundamentals of water power remain the same. Water
flows across the turbine, turning a shaft connected to a generator that produces electricity.

Today, hydro power is mostly used to generate electrical energy on large scale by collecting
water in large reservoirs or dams – and is called hydroelectric power. Turbines placed on
the path of the flowing water extract its kinetic energy and convert it to mechanical energy
causing the turbines to rotate at high speed. It drives a generator that converts the
mechanical energy into electrical energy.

How Much Power?

Any moving water can produce hydropower. Add more moving water (or Flow) and you can
produce more power. You can tell by looking that a raging river contains more energy than
a small stream. But if you add pressure to the water, you can get a lot more energy from it.
As it turns out, it’s pretty easy to add pressure to water, simply by putting it in a container.

Water weighs quite a bit, and the sheer weight of a container of water puts pressure on the
bottom. Hydropower systems build pressure either by containing the water behind a dam,
or within a pipe that runs down a hill. The weight of the water behind the dam or in the
pipe creates pressure at the bottom. More height creates more pressure, and more
pressure means we can get more power from the flow of water (The technical term for this
vertical distance is Head). The water head can be only few meters in small hydroelectric
schemes, or several hundred meters in the larger schemes.

Types of Hydro Power

Most hydroelectric systems can be classified into one of two groups:

Reservoir Hydro Systems: Most people visualize a Reservoir system when they hear the
term “hydroelectric project.” Reservoir systems consist of a large dam that creates a
sizeable lake behind it. Needless to say the reservoir hydro systems have substantial
ecological impact. The large manmade lakes behind the dams submerge a vast area with
countless plants, animals, and people. Certainly life is not as it was, yet an entirely new
ecosystem develops over time. The Tehri Dam (Uttarakhand), Hirakund (Orissa) and
Bhakhra (Himachal) are well known examples in India.

Streaming or Run of the River (ROR) Systems: In Streaming or Run of River hydro
systems there are no dams and lakes, only diversion systems that direct a portion of a
stream or river through the hydroelectric turbine. ROR systems are typically installed on
smaller streams and rivers, and generate less power than large Reservoir systems. They
are rapidly gaining popularity due to their ease of installation and small ecological footprint.

In contrast to Reservoir hydropower, Streaming
hydroelectric projects typically cast a very small ecological
footprint.Well-designed Streaming hydropower projects
don’t use a dam. Instead, a small diversion channels some
of the water away from the streambed into a pipeline,
where it travels downhill before passing through the turbine
and back into its original streambed. The rest of the water
continues down the mountain as it always has.
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Since, without a reservoir, Streaming hydro systems depend solely on the water pressure
created by the pipeline, steep terrain are ideal location for such small hydro systems as it
allows high pressure to be created in short distances, which dramatically reduce the cost of
the systems. Streaming hydro sites also tend to be located closer to the point of electricity
usage, substantially reducing the line losses inherent to large power plant designs.

Sometimes Streaming hydropower makes no ecological footprint at all. Municipalities are installing
Streaming hydroelectric systems in existing water supply pipelines. In many cases, municipal water
comes directly from lakes or reservoirs at higher elevations. As it comes down the mountain (in the
pipeline), the water builds pressure – sometimes so much that special pressure-relieving valves are
installed to make sure your faucet doesn’t blow off the wall. Relieving pressure with a valve is a waste
of energy, and a small streaming hydro system in its place will produce a continuing supply of
electricity with no effect on the environment.

Small Hydro Power Systems Gaining Favor

The greatest advantage of small hydro
project (SHP) over other sources of
electricity is that it is most environment-
friendly. When an SHP produces on kWh
electricity, its environmental impact is 300
times less than with lignite, 250 times lower
than coal, 125 times less than uranium and
50 times less compared to natural gas. This
makes them important in the context of
global warming and climate change issues.
Besides their environmental advantage over
conventional methods of power generation,
SHPs can be developed as multi-purpose

plants, combining drinking water and waste-management systems. They are also beneficial
because of their 'energy payback', which is the ratio of energy produced in the normal
lifespan of a plant divided by the energy required to build, maintain and run the generation
equipment.

In order to utilize the locally available energy sources, more attention is now being given to
small hydro energy systems. Efforts are also being made to revive the old water wheel
technologies which need minimal expertise.

Hydro projects with a capacity of upto 25 MW are classified as small hydro power (SHP)
projects. Small hydro power projects are treated as renewable and are managed by the
MNRE while the large hydro projects are managed by the Ministry of Power. Hydro Projects
are further classified as micro hydro (up to 100kW), mini hydro (101 to 2000kW) and Small
Hydro (2 to 25 MW).

India has an estimated potential of 15,000 MW of Small Hydro power projects, of which
80% is yet to be tapped. The 12th plan aims to increase the SHP installed capacity to
around 6000 MW. Currently, the total installed capacity from small hydro power projects is
2953 MW (801 projects) and 914 MW (271 projects) of power projects are under
development.
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An important trend in the SHP sector is the capacity addition by private sector projects.
Liberalized environment under the Electricity Act has allowed consistent capacity addition in
the last ten years as shown in the chart. The private sector accounts for more than 1300
MW of installed SHP capacity. Karnataka has the highest private sector SHP capacity (694
MW) added through 95 projects, other leading states are Himachal Pradesh, Andhra
Pradesh, Maharashtra and Uttarakhand.

Many micro-hydropower systems operate from "run of the river," which means only a
fraction of the available stream flow at a given time is used to generate power, and this has
minimal environmental impact.

Hydro Power Potential in India

India is blessed with immense amount of hydro-electric potential and ranks 5th in terms of
exploitable hydro-potential on global scenario. As per assessment made by Central
Electricity Authority (CEA), India is endowed with economically exploitable hydro-power
potential to the tune of 1 48 700 MW of installable capacity. The region and basin wise
assessed hydropower potentials are as under:

Region

Principal Hydro
Pumped Storage

Feasible Installed
Capacity in MW

*Small Hydro
(up to 15 MW)
Potential in MW

Potential at 60 %
Load Factor

Feasible Installed
Capacity in MW

Potential in
billion kWh

per year

Northern 30155 53405 225 13065 3180

Western 5679 8928 31.4 39684 661

Southern 10768 16446 61.8 17750 801

Eastern 5590 10965 42.5 9125 530

North Eastern 31857 58956 239.3 16900 1610

Total 84044 148700 600 95524 6782

*Estimates of Small Hydro potential vary. According to another estimate, it could exceed 10,000 MW. Grid quality power potential
from wind, small hydro and biomass is estimated to be about 50,000 MW.

Basin/Rivers Probable Installed Capacity (MW)

Indus Basin 33,832

Ganga Basin 20,711

Central Indian River system 4,152

Western Flowing Rivers of southern India 9,430

Eastern Flowing Rivers of southern India 14,511

Brahmaputra Basin 66,065

Total 1,48,701

In addition, 56 number of pumped storage projects have also been identified with probable
installed capacity of 95 000 MW. In addition to this, hydro-potential from small, mini &
micro schemes has been estimated as 6 782 MW from 1 512 sites. Thus, the total
estimated hydro-potential of India is about 250 GW (148 + 95 + 6.7 GW). However,
exploitation of hydro-potential has not been up to the desired level due to various
constraints.
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Hydro Power Development Plan in India

National Hydropower Policy

Development of hydro power resources is important for energy security of the country. It
takes about 10 years for developing a large size hydro project from planning to
commissioning. The construction period of a large hydro project after placement of Letter of
Award for the main packages could span 5 years or more. It is therefore necessary to
prepare a long term plan of hydropower development covering at least 10 years period.

With the aim to accelerate the development of Hydropower, the Ministry of Power (MoP),
introduced the National Policy on Hydropower Development in 1998. The policy
document has identified and responded to the major issues and barriers. The objectives of
the National Policy document on Hydro Power Development, 1998 are (as stated in the
document):

 To ensure targeted capacity addition during 9th Plan (and the subsequent plans)
 With Central, State and Private hydropower projects contributing 3455 MW, 5810 and 550

MW respectively, the GoI aims to reach the total capacity of 9815 MW during the ninth plan.
(The XIth Plan aims capacity addition of 18781 MW in the hydropower sector)

 Exploitation of vast Hydro Electric potential at faster pace
 The government would take steps like execution of all CEA cleared projects, update and clear

pending DPRs, survey new green field sites and resolve inter-state disputes.
 Promotion of small and mini hydro projects
 Small and mini hydro projects are especially viable for remote and hilly areas where extension

of grid system is comparatively uneconomical
 Strengthening the role of PSUs and SEBs in taking up new hydro projects
 The government aims at enlarging Public sector’s involvement in mega hydro projects and

multi-purpose projects involving inter-state issues, projects for peaking power and those with
rehabilitation and resettlement issues.

 Increasing private investments for development of hydropower in India
 The public sector would be supported by greater private investment through IPPs and joint

ventures. Private sector participation is considered vital for large scale development of
hydropower.

Through these measures, GoI aims to realize 100% hydropower potential of the country by
year 2025-26. These objectives have been developed in response to the following
constraints:

 Technical, including difficult investigation, inadequacies in tunneling methods)
 Financial (deficiencies in providing long term finance)
 Tariff related issues
 Managerial weakness (poor contract management)
 Geological surprises (especially in the Himalayan region where underground

tunneling is required)
 Inaccessibility of the area
 Problems due to delay in land acquisition and resettlement of project affected

families
 Law and order problem in militant infested areas
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However, a need was felt to evolve a comprehensive approach for the phased development
of the vast untapped potential. Therefore, in 2001, the Central Electricity Authority (CEA)
came out with a vision document for expediting the hydropower development. It pointed
out that in order to harness the untapped capacity by 2025-26, about Rs 5,000 billion
would be required for project implementation based on the present cost. Another Rs 50
billion would be needed for surveys and investigations which must complete b 2016-17.

Ranking Studies

The CEA also introduced a ranking study which prioritized and ranked 399 executable hydro
projects in the six river basins of the country. These schemes with an aggregate installed
capacity of 107 GW were ranked into different categories A, B, and C depending upon their
attractiveness in the decreasing order for implementation. Ten major aspects which play
vital role in the implementation of the hydro projects were adopted in the criteria for
ranking purposes. These were resettlement and rehabilitation (R&R) aspects, interstate and
international aspects, potential of the scheme, type and height of dam, length of
tunnel/channel, accessibility of site, present status of the project and the status of
upstream or downstream developments. The river basin-wise summary of the 399 schemes
(totaling 107 GW) is given below:

S.
No River System Category A Category B Category C Total

Nos. MW Nos MW Nos MW Nos MW
1 Indus 11 4088 51 8811 17 6080 79 18979
2 Ganga 20 2023 54 9616 1 600 75 12239
3 Central India 3 283 9 1425 1 186 13 1894
4 East Flowing 11 1412 26 6469 2 88 39 7969
5 West Flowing 1 35 10 958 14 1508 25 2501
6 Brahmaputra 52 7800 97 42574 19 12954 168 63328

Total 98 15641 247 69853 54 21416 399 106910

Prime Minister’s 50,000 MW Hydroelectric Initiative

Based on the CEA study, in May 2003 the Prime Minister of India launched a 50,000 MW
hydroelectric initiative under which Preliminary Feasibility Reports (PFRs) of 162 Projects,
adding up to 50 000 MW, was taken up by the CEA through various agencies, at a cost of
about Rs 25 crores. The state-wise details of PFRs prepared under the above program are
given below:

S. No State Number of Schemes Installed Capacity MW
1 Andhra Pradesh 1 81
2 Arunachal Pradesh 42 27293
3 Chhattisgarh 5 848
4 Himachal Pradesh 15 3328
5 Jammu & Kashmir 13 2675
6 Karnataka 5 1900
7 Kerala 2 126
8 Madhya Pradesh 3 205
9 Maharashtra 9 411
10 Manipur 3 362
11 Meghalaya 11 931
12 Mizoram 3 1500
13 Nagaland 3 370
14 Orissa 4 1189
15 Sikkim 10 1469
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16 Uttarakhand 33 5282
Total 162 47970

The projects under this Initiative are proposed to be executed during 11th & 12th Plans
(between 2007-2017).

Tariff Wise Distribution: The 162 schemes can be organized in terms of tariff, which will
be far more meaningful for prioritization of implementation.

S.
No. Tariff (Rs) PFR Schemes Cumulative PFR schemes

# of Schemes Installed capacity (MW) # of Schemes Installed capacity (MW)
1 Below  1.50 26 13603 26 13603
2 1.50 – 2.00 26 13051 52 26654
3 2.00 – 2.50 26 7366 78 34020
4 2.50 – 3.00 16 2282 94 36302
5 3.00 – 3.50 14 3001 108 39303
6 3.50 – 4.00 10 2589 118 41892
7 4.00 – 4.50 11 2053 129 43945
8 4.50 – 5.00 7 1404 136 45349
9 Above  5.00 26 2621 162 47970

Thus, 78 hydroelectric schemes with an installation of 34020 MW have tariff below Rs.
2.50 per unit; these must be considered with priority. These 78 schemes fall in just 7 states
as shown below, with Arunachal Pradesh toping the list.

S. No. State # of Schemes Installed Capacity (MW)
1 Arunachal Pradesh 19 21800
2 Uttarakhand 28 4559
3 Himachal Pradesh 11 2860
4 Jammu & Kashmir 5 1715
5 Karnataka 4 1600
6 Sikkim 4 835
7 Meghalaya 7 651

Total 78 34020

77 projects with first year tariff less than Rs 2.50/kWh and with installed capacity of 33951
MW were selected for preparation of Detailed Project Reports (DPRs) and subsequent
development. Majority (70) of these schemes are located in Brahmaputra, Indus, and
Ganga basins in the north and north-eastern part of the country. Availability of well-
investigated DPRs is expected to reduce gestation period, put firm cost of the schemes and
enliven interest of the private sector.

Renovation, Modernization & Up-rating (RM&U)

In order to further boost hydro power capacity, emphasis was placed on Renovation,
Modernization & Up-rating (RM&U) of various existing Hydro Electric power projects. The
per MW cost of RM&U of the existing/old hydro electric power projects works out to be only
about 20% of the new capacity addition. Further, the RM&U of a hydro project can be
completed in 1 to 3 years depending upon scope of works as compared to gestation period
of 5 to 6 years for new hydro projects.

Under the hydro RM&U program, 33 hydro electric projects (13 up to the VIIIth Plan & 20 in
the IXth Plan) with an installed capacity of 6174.10 MW and 47 hydro projects of Xth Plan
with 7449 MW capacity were completed. For the XIth Plan (2007-12) a total of 59 hydro
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electric power projects having an installed capacity of 10325.40 MW are lined up for
completion of RM&U works to accrue a benefit of 5461 MW.

Hydro Projects Under the 12th Plan (2012-17)

To achieve the ambitious program of hydro capacity addition in the 12th Plan period, shelf
of hydro power projects with aggregate installed capacity of 58,573 MW were identified by
CEA in the year 2006-07. These are remainder of the total 107 GW capacity. The status of
preparation of DPR of the shelf of projects is being monitored by CEA on regular basis.
These include some very large projects identified in Arunachal Pradesh – Etalin (4000 MW),
Demwe (3000 MW), Dibang (3000 MW), and Lohit (3000 MW). It remains to be seen when
and whether they will be actually completed.

Of the planned capacity addition of 90,000 MW at the end of 12th Plan (2012-2017), about
30,000 MW was planned from hydropower. However, looking at the feasibility of
implementation during the 12th plan (2012-17), 109 candidates have been identified
aggregating to 30920 MW – all these fall under ‘A’ or ‘B1’ category. The list also includes 12
projects (worth 1855 MW) slipping from the 11th Plan. State-wise (and sector-wise) break-
up of these projects is given below:

Hydropower Projects under 12th Plan

S.
No State Central Sector State Sector Private Sector Total

Nos. MW Nos MW Nos MW Nos MW
1 Arunachal Pradesh 3 1610 0 0 23 7969* 26 9579
2 Uttarakhand 12 4374 7 1655 5 829 24 6858
3 Jammu & Kashmir 4 2450 4 1473 0 0 8 3923
4 Himachal Pradesh 2 816 7 892 6 749 15 2457
5 Sikkim 1 520 0 0 10 1935 11 2455
6 Manipur 2 1566 0 0 0 0 2 1566
7 Andhra Pradesh 0 0 3 1560 0 0 3 1560
8 Meghalaya 0 0 1 54 1 450 2 504
9 Tamil Nadu 0 0 1 500 0 0 1 500
10 Karnataka 0 0 2 400 0 0 2 400
11 Kerala 0 0 6 373 0 0 6 373
12 Punjab 0 0 1 168 1 75 2 243
13 West Bengal 1 120 2 66 0 0 3 186
14 Madhya Pradesh 3 166 0 0 0 0 3 166
15 Assam 0 0 1 150 0 0 1 150

Total 28 11622 35 7291 46 12007 109 30920
*This includes only 600 MW from the 2400 MW Siang Lower Project during the 12th Plan

Of these projects, about 25300 MW capacity appear fully feasible; however, 13 projects
aggregating about 5600 MW still require expediting in terms of early completion of their
DPRs and other statutory clearances.

Delayed Projects from the 11th Plan

As per the program approved by the Planning Commission, of the total capacity addition
during the 11th Plan of 78,700 MW included 15,627 MW of hydro power. From this,
projects aggregating 4750 MW have faced delays for various reasons and are unlikely to be
completed before 2012 (end of 11th Plan); they will most likely be completed during the
12th Plan. These are:

S.
N.

Project Name Executing
Agency

Installed capacity
MW

1 Parvati Stage-II, Himachal Pradesh NHPC 800
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2 Loharingagpala, Uttarakhand NTPC 600
3 Tapovan Vishnugad, Uttarakhand NTPC 520
4 Subansiri Lower, Arunachal Pradesh NHPC 2000
5 Kameng, Arunachal Pradesh NEEPCO 600
6 Sawara Kudu, Himachal Pradesh PVC 110
7 Lower Jurala, Andhra Pradesh APGENCO 120

Total 4750

Therefore, the aim of wiping out all power shortage by the end 11th Plan is unlikely to be
fulfilled in reality.

Fund Requirement

During the 12th Plan, 25,316 MW capacity addition appears feasible. To achieve this, funds
requirement during the 11th and 12th Plans would be of the order of Rs 68,924 crores and
Rs 82,972 crores, respectively as per the following break up.

Expenditure Period Central Sector State Sector Private Sector Total
During 11th Plan 20,041 22,306 26,577 68,924
During 12th Plan* 28,475 31,838 22,659 82,972

Total 48,516 54,144 49,236 1,51,896
*Fund for 12th Plan projects worth 25,316 MW only

In Summary

Looking at the actual progress of various projects and their delays, it would be a significant
achievement if 40,000 MW hydropower could be added by the end of 2017 (total from the
11th and 12th Plan). Larger projects face significant resistance from the likely displaced
people and environmental activists. It is an area where the governments should pay
particular attention, and that requires political will and leadership.

Environmental and Social Impacts of Hydropower

The impact of hydroelectric power plant on the environment is varied and depends upon the
size and type of the project. Although hydropower generation does not burn any fuel to
produce power and hence does not emit greenhouse gases, there are definite negative
effects that arise from the creation of reservoir and alteration of natural water flow. It is a
fact that dams, inter-basin transfers and diversion of water for irrigation purposes have
resulted in the fragmentation of 60% of the world’s rivers.

ENVIRONMENTAL IMPACT

The physical environment is affected rather significantly by the construction of a
hydroelectric power station.  Both the river and ecosystem of the surrounding land area will
be altered as soon as dam construction begins.

1. Impact of Size and Type of Hydropower Plant

It is difficult to correlate the damage caused by dams to their size or type, as the impacts
depend on local conditions. Generally plants with smaller dams are considered less
environmentally damaging than those with larger dams. Also, run-of-river (ROR)
hydropower plants are generally less damaging than reservoir power plants, because it is
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not necessary to flood large areas upstream of the project for storage. Yet in some cases
run of river impacts can also be severe due to river diversion over long stretches of the
river.

2. Impact of River Diversion

While both ROR and reservoir types of hydropower dams may divert water, this is always
the case with ROR plants, since they seek to increase kinetic energy with an increased
head. The length of diversion can range from a few meters or less to kilometers (km). For
example, the Teesta-V ROR dam in northeastern India diverts water for a 23 km long
stretch of the river. Eventually the diverted water is returned to the river.

Often downstream flows are reduced considerably or even completely stopped during
certain periods of time with sudden intervals of high flows. Such drastic variability in water
flow impacts the structure of aquatic ecosystems often leading to a loss of biodiversity.
Also, under normal conditions, increased sediment transport from low to intermediate flows
provides a warning to aquatic organisms that high flows may follow. Abrupt changes from
low to high flows obliterate this cue, making it difficult for organisms to respond to
impending environmental changes. A decrease in fish populations has been observed in
dewatered reaches below diversions. After long periods of little to no flow some species
may not be able to recover and go extinct.

3. Impact of the Reservoir

Dams have major impacts on the physical, chemical and geo-morphological properties of a
river. Environmental impacts of dams have largely been negative. Worldwide, at least
400,000 square kilometers have been flooded by reservoirs.

Once the barrier is put in place, the free flow of water stops and water will begin to
accumulate behind the dam in the new reservoir.  This land may have been used for other
things such as agriculture, forestry, and even residences, but it is now unusable.  The loss
of habitat may not seem severe but if this area was home to a threatened or endangered
species, the dam construction could further threaten that species risk of extinction.

3.1 Sedimentation

Large dams with reservoirs significantly alter the timing, amount and pattern of river flow.
This changes erosion patterns and the quantity and type of sediments transported by the
river. Sedimentation rate is primarily related to the ratio of the size of the river to the flux
of sediments. The reservoir that has been rapidly filling up with water immediately begins
filling up with sediment as well. The trapping of sediments behind the dam is a major
problem. Every year it is estimated that 0.5 to 1% of reservoir storage capacity is lost due
to sedimentation. The engineering problem with sedimentation is that less power is
generated as the reservoir’s capacity shrinks.

3.2 Downstream Erosion

Trapping of sediments at the dam also has downstream impacts by reducing the flux of
sediments downstream which can lead to the gradual loss of soil fertility in floodplain soils.
Clean water stripped of its sediment load is now flowing downstream of the dam.  This
clean water has more force and velocity then water carrying a high sediment load and thus
erosion of the riverbed and banks becomes problematic.  Since this is unnatural and a form
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of “forced erosion” it occurs at a much faster rate then natural river process erosion to
which the local ecosystem would be able to adapt.

3.3 Impact on Local Climate

Another often-ignored environmental effect of the reservoir is the impact on the micro-
climate level. Studies indicate that man-made lakes in tropical climates tend to reduce
convection and thus limit cloud cover. Temperate regions are also impacted with “steam-
fog” in the time period before freezing. Since water cools and warms slower then land,
coastal regions tend to be much more moderate then land-locked regions in terms of
temperature. Therefore, large dams have a slight moderating effect on the local climate.

3.4 Greenhouse Gas Emission from Dams

Freshwater reservoirs can emit substantial amounts of the greenhouse gases methane and
carbon dioxide as organic matter submerged in a reservoir decays under anaerobic and
aerobic conditions, respectively. Studies indicate that GHG emissions from hydropower
reservoirs in boreal and temperate region are low relative to the emissions from fossil fuel
power plants, but higher relative to lifecycle emissions from wind and solar power.

Tropical reservoirs with high levels of organic matter and shallow reservoirs have higher
emission levels. A recent compilation of greenhouse gas emissions from reservoirs found a
correlation between the age of the reservoir and latitude. Younger reservoirs and those in
low latitudes are the highest emitters. For example, of four Brazilian dams in the Amazon,
showed that the GHG emissions factor of the electricity produced by those hydropower
dams exceed those from a coal-fired power plant.

3.5 Dams Inducing Earthquakes?

Finally, a least studied and most disputed physical impact of
reservoirs is the possibility of inducing earthquakes. Many
scientists believe that seismic activity can be attributed to
the creation of dams and their adjacent storage reservoirs.
They postulate that the added forces of the dam along
inactive faults seem to free much stronger orogenic tensions.
Early research indicates that the depth of the water column
may be more important to inducing earthquakes rather then
total volume of water in the reservoir. While more research is needed on this subject
several disasters such as the Koyna Dam in India seem to provide some truth to this
theory.  While these impacts can be quite severe often they do not receive the attention of
the biological impacts that people tend to associate more with animals like fish.

3.6 Impact on Fisheries

Dams and river diversion can impact freshwater, as well as marine fisheries. Estuarine and
marine fisheries are dependent on estuaries and rivers as spawning grounds and the
transport of nutrients from the river to the sea. Migratory fish are especially vulnerable to
the impacts of dam construction. Dams can prevent migrating fish such as salmon and eel
to reach their spawn grounds.

A survey of 125 dams by the World Commission on Dams (WCD) reported that blocking the
passage of migratory fish species has been identified as a major reason for freshwater
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species extinction in North America. Lower catch is a common side effect of dams and has
been reported worldwide. There have been cases where fishery production below a dam has
increased due to controlled discharge of the sediments.

4. Biological Impact

Animal and plant life are impacted significantly by the dam construction. As mentioned
earlier the large scale flooding destroys a large area of habitat for animals and destroys an
equally large number of plants. If the region was forested prior to the construction of the
dam the timber is harvested before the flooding begins. Reservoirs that in the future will be
used for recreation such as boating or fishing tend to be completely cleared of trees.

4.1 Flora

Another negative biological impact of dams is the growth of aquatic weeds. Tropical and
semi-tropical regions seem to have the largest problem with weed growth. In Surinam,
Lake Brokopondo has become inundated with water hyacinth. In just four years the water
hyacinth has covered more then fifty percent of the reservoirs surface. The impacts of
weeds can be significant to water loss. More weeds growing in the reservoir result in a
higher rate of evapo-transpiration. The weeds compete with fish for space and nutrients
that are already under stress living in an unnatural setting.

Some insects such as malaria and schistosomasis tend to increase as weeds provide a very
favorable habitat for mosquitoes and other diseases spreaders. How do we contain these
problems? The weeds can be controlled, although the task is often very difficult and
expensive.  In shallow water mechanical or manual clearing is by far the most effective.
However, in deeper waters this is not an option and either chemical or biological means
must be used to remove the weeds. Chemical herbicides work very well but bring about a
whole new set of environmental hazards to organisms, humans and the ecosystem in
general. The scariest part about using chemical herbicides is that their overall effect is
generally not known until they have caused a problem.

4.2 Fauna

For some kinds of fish the building of a dam makes completing their life cycle nearly
impossible.  Anadromous fish, such as salmon, are hatched upstream in a freshwater
environment but spend their adult lives at sea in the salt water.  The eel, a kind of fish
classified as catadromous, is hatched at sea but spends much of its adult life in freshwater
streams. Since these fish rely on streams and rivers to get to and from different
environments, creating a dam makes a large roadblock for these animals to overcome.
Without features such as fish ladders these fish would die off. However, even the fish
ladders do not work perfectly and many fish die due to the dams.

There are a number of measures that can be taken to help minimize fish mortality at
hydroelectric power plants. The most obvious step is to lower the number of fish that pass
through the turbine. This can be accomplished by using better screens to capture the fish or
establishing diversion passageways.  A more complicated and emerging technology involves
making “fish-friendly” turbines.

Pelton turbines, which are small turbines designed for high head installations cause nearly
complete mortality of fish passing through. Kaplan, Francis, and Bulb turbines tend to be
safer for small fish with mortality rates of only about thirty percent. These types of turbines
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have much larger areas of water passage. Kaplan turbines are thought to be the most fish-
friendly of the conventional turbines they have low mortality rate of just 10 – 15 percent.

SOCIAL IMPACT

Similar to other large infrastructure projects, dams have both negative and positive social
impacts. The benefits of hydropower include having a renewable source of electricity with
little GHG emissions, delivery of peak power, and the avoidance of the health and
environmental impacts associated with fossil fuels, especially coal. Multipurpose dams can
also reliably deliver water and flood control as well as other ancillary services. Negative
impacts, on the other hand, include displacement, loss of livelihood, poorer health and loss
of cultural heritage. Often groups that bear the social and environmental costs of dams are
not the ones who reap the benefits.

Poor, vulnerable groups such as rural populations, subsistence farmers, indigenous
communities and ethnic minorities often bear a disproportionate share of the negative
impacts, while the main beneficiaries are urban dwellers, commercial farmers and
industries. For example, although indigenous people are just 8% of India’s population, they
comprise 60% of those displaced by dams in their regions. Almost all of the large dams in
the Philippines that have been built or proposed are on the land of indigenous people.

Displacement

Often the most discussed topic when a new
hydroelectric power plant is planned is the dislocation
of a large number of people. The prospect of
displacement often comes as a brutal shock because
the affected people come from small villages where
different cultural values and beliefs are held, and now
suddenly people have to embrace a new and uncertain
lifestyle in altogether in a new setting. It is painful
when people are forced to leave behind all their
ancestral roots – ancestral homes, shrines, and graves

of their ancestors. Suddenly all the local cultural heritage is gone. Displacement often
results in the loss of sacred land and common property resources. A study of a village
displaced by the Rengali Dam in eastern India found a breakdown in family and community
structures. Alienation and marginalization are major risks for displaced communities.

It is estimated that 40-80 million people have been physically displaced by dams
worldwide. In India and China alone, 26-58 million people have been displaced during 1950
– 1990 due to dam projects. In-depth case studies of eight large dams on four continents
by the WCD found that in each case the expected number of displaced persons was initially
highly underestimated by 2,000 – 40,000 people. Among dams funded by the World Bank,
47% more people were displaced than initially estimated. The impacts for down-stream
communities are often only clear after the dam comes into operation and often impacts
worsen over time. Resettlement has mostly been involuntary and there has been little
meaningful participation of those affected in the resettlement and rehabilitation process.

Compensation usually only occurs once as a cash payment or in the form of an asset such
as housing and/or land. Lands provided for resettlement are often resource-depleted and in
environmentally degraded areas. The focus of resettlement programs is on physical
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relocation, rather than economic and social development. In China, almost half (46%) of
those displaced are living in extreme poverty. In India, 75% of people displaced by dams
have not been rehabilitated.

Health Impacts

The edge of tropical reservoirs and irrigation canals provide ideal conditions for disease-
vectors such as insects and snails. There are numerous documented examples of the
spread of schistomiasis after the construction of dams. Increases in transmission of malaria
due to the construction of reservoirs and irrigation canals in malaria-prone areas have also
been reported by the World Bank. Other health impacts include the release of toxins by
cyanobacteria due to rapid eutrophication in new dams and the bioaccumulation of mercury
in fish, which is released from soil by bacteria decomposing organic matter in the reservoir

The prime reason why large projects are given go-ahead is the likely benefits to those living
downstream and the overall economy. The ecological footprint of hydropower projects
appear to be far smaller compared with other power sources, but the issues are certainly
important enough to be debated.

Conclusion

While hydropower dams can produce power with low GHG emissions and can in some cases
also deliver flood and irrigation control, the adverse social and environmental costs can be
substantial as we have described above. Such negative impacts are not compatible with the
promotion of sustainable development.

There are only two things that are undisputed about hydropower projects: One, they emit
no air pollutants; and two, they certainly destroy local ecology and culture. In the end,
economics more often then not is the reason for the success or failure of a proposed project

Protests Against Hydropower Projects

Growing awareness among people about global warming
and climate change issues, combined with the
centralized manner of project planning with little input
from the common people, is making implementation of
projects increasingly difficult. Inter-state dispute is
another source of trouble. All major power projects are
facing determined opposition; that becomes worst when
political parties begin to exploit people’s unrest. If
Jaitaput Nuclear power project is a notable recent

example, big hydropower projects are no exception.

The 2,000 MW Lower Subansiri Hydro Power Project
(currently India’s largest) in Arunachal Pradesh is only
way through and is facing stiff resistance from protests in
Assam over environmental concerns. This 11th Plan project
is now expected to be completed only by 2014. The nearly
Rs. 9,000 crore project that began in 2003 is mired in a
blazing row with several environmental and pressure
groups in Assam making vociferous protests and
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demanding the scrapping of construction work, citing adverse ecological and environmental
impact in downstream areas in Assam. Protestors have been blocking project equipments
and the only way to transport is by road through Assam. The State has lined up 10 major
hydro projects (worth 30,000 MW) in 10 years.

HYDROPOWER POLICIES AND PROTESTS IN UTTARAKHAND

Hydropower Policy and Incentives

The Uttarakhand government is also actively encouraging setting up and hydropower
projects and has plans to set up over 550 projects. The key features of the government of
Uttarakhand’s policy are

 Potential hydro projects identified by the government of Uttarakhand are advertised for
international competitive bids;

 Bids are invited over a minimum premium, payable upfront to the government of
Uttarakhand, at the rate of Rs5 crores per project;

 Projects are allocated to bidders making the highest bid over and above the upfront minimum
premium;

 Projects are allocated for an initial period of 45 years on a build-own-operate-and-transfer
basis;

 The developers of the project have the right to sell the power outside the state; no agency of
the state will guarantee purchase of power; and

 12% of electricity generated is to be made available free of cost to the state during entire life
of the project.

Incentives

 The energy produced by the community/entrepreneur is proposed to be purchased
by UPCL at a rate which is uniformly applicable to all projects.

 UPCL/PTCUL would provide wheeling facility for use within and outside of the State.
 UPCL would extend banking facility to community/developers with mutual

understanding.
 In case of power generation from municipal waste, Govt. land belonging to Urban

Bodies/Panchayats/Nagar Palika will be made available at a nominal charge.

Facilities and Incentives for Local People

Micro hydro projects would be reserved for:
 Individuals who are domiciles of Uttarakhand,
 Gram Panchayats of Uttarakhand in the vicinity of the site,
 Societies of Uttarakhand registered under the Society Registration Act, 1860/UP

Cooperative Society Act 1965

Preference would be given in allotment of Mini hydro projects to the following:
 Gram Panchayats of Uttarakhand in the vicinity of the site,
 Societies of Uttarakhand registered under the Society Registration Act, 1860/UP

Cooperative Society Act 1965,
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 Firms registered under the Company Act 1956 and having their manufacturing units
located in Uttarakhand

There will be no premium for projects upto 5 MW whereas in the earlier policy, there is
threshold premium of Rs.5 Lakhs per MW.

Projects beyond 5 MW will however attract premium at the rate of Rs.5 Lakhs per MW
Other RE Projects would be kept open to all categories of developers. There is no premium
for allotment of these projects.

Voices against Hydro Projects

Since over 60% land is covered by forests, environmental
activists see it a big problem if every tributary and river
gets dotted with dams or hydro projects. Last year, a CAG
report warned of drying up Ganga due to power projects:

“There would be no water in large stretches of the famed
Alaknanda and Bhagirathi riverbeds if the Uttarakhand
government goes ahead with its plan to build 53 power projects
on these two rivers which join at Dev Prayag to form the Ganga.”

Note that Alaknanda and Bhagirathi are two key tributaries
of Ganga. The report also mentioned that “already the riverbed is completely dry at Shrinagar
(Garhwal) and what flows downstream is the water released by a power plant from its tunnel and
those diverted from tributaries. If all projects are allowed to go through, the aquatic life and
biodiversity of the river basin will be virtually erased.” Consequently, there will be mass
migration and cultural erosion.

It also expressed the fear that all villages settled along the river basin will be uprooted once
the rivers go dry, leading to mass migration and cultural erosion. It came down heavily on
the state government policy of 2006 to allow private players to divert up to 90% of river
water, leaving only 10% to flow in the natural course of the river. The worldwide a
maximum of 75% is allowed to be diverted so that river does not dry and maintain its
natural course.

According a news published in INDIA TODAY on February 1, 2010, a plan to produce
electricity in the Himalayas to ease the power situation in the plains could make the Ganga
disappear in the valley of its origin. In all, 12 large and medium hydroelectric projects are
either functioning, are under construction or have been proposed between Gangotri and
Haridwar. Ecologists and local groups have warned that if all the projects are executed,
there will be no free- flowing water for about 250 km of India most Holy River.

Critics point that the government assesses each project individually paying no attention to
the cumulative effect on the fragile economy and geology of the region. They point out that
over 2 million people from 5000 villages would be adversely affected if the state
government projects are allowed. Taking note, in July 2010 the Union environment and the
forests ministry initiated two studies on the cumulative impacts of all the hydroelectric
projects planned on the two key tributaries of river Ganga – Bhagirathi and Alaknanda
rivers. The study will be carried out by IIT Roorkee and the Wildlife Institute of India,
Dehradun.

Dam-Free Zone!
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In August 2010, under pressure from religious and environmental groups the GOI decided
to scrap the 600 MW Loharinag Pala dam on the Bhagirathi river in Uttarakhand. Previously
two other projects on Bhagirathi – 480 MW Pala Maneri and 381 MW Bhairon Ghati hydel
projects proposed by the state government – were also scrapped for the same reasons.
Bhagirathi river is the source stream of the Ganga river. Besides scrapping the Loharinag
Pala project, the government also created India’s first Dam-Free zone in the ecological
sensitive area – the Ganga would flow freely on the 135 km stretch from Gaumukh to
Uttarkashi in Uttarakhand.

Protest against the 600 MW Loharinag Pala Hydro Power Project, a run of the river type project
about 100 km upstream of Tehri Dam, is a recent example of successful agitation. In 2009, IIT
professor, GD Agrawal staged a hunger strike and came close to dying on the 38th day of his fast. It
led to stopping of the construction work and the project was ultimately scrapped in 2010. Magsaysay
award-winner, Rajendra Singh also played a pivotal role in stopping the project.

However, not all protests in Uttarakhand have been as successful. In 2006 the government
completed the Tehri dam, which sits downstream from Uttarkashi and is one of the world's
tallest at a height of 261 meters.

Environmental Concerns of Tehri Dam

Sundarlal Bahuguna is a well known name connected
with protests against the Tehri hydro project. The
project spurred concerns about the environmental
consequences of locating a large dam in the fragile
ecosystem of the Himalayan foothills. Another
important concern is about dam’s geological stability
as it is located in the Central Himalayan Seismic Gap,
a major geologic fault zone lying at the interface of
tectonic plates of the Indian subcontinent and Eurasia.
This region was the site of a 6.8 magnitude
earthquake in October 1991, although the epicenter

was far away. Nearly half a million people live in towns downstream, who worry about a
potential future catastrophe.

Tehri project displaced over one lakh people and led to protracted legal battles over
resettlement rights, and ultimately resulted in the project's delayed completion.

Since 2005, the dam reservoir is being filled that has reduced the flow of Bhagirathi water
from the normal 1,000 cubic feet per second to a mere 200 cubic feet per second. This
reduction has been central to local protest against the dam, since Bhagirathi is an
important tributary of the Ganga river. This has created resentment among many Hindus,
as the sanctity of the Ganges has been greatly compromised by the Tehri dam. Although
officials say that after the reservoir is filled to capacity the normal flow of the river will
resume. In spite of concerns and protestation, operation of the Tehri Dam continues.

Another Mega Hydro Project; and Concerns

Now huge hydro project at the Indo-Nepal border, the 6480 MW Pancheshwar Dam is
planned to be a huge 315 m high rock fill dam, which will be the world‟s second-tallest dam
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after the Rogun Dam in Russia at 335 m. In comparison, China’s Three Gorges Dam is only
101 m high which is the largest dam (2,335 m) in the world. Tehri Dam is 261 m high.

The proposed Pancheswar Dam would straddle the Kali River which forms a 230 km (193
mile) boundary between India and Nepal. The project is the largest hydropower project in
South Asia. The dam will submerge an area of 134 sq km; in comparison, Tehri submerged
52 sq km. Of the 134 sq.km, 120sq.km is in Uttarakhand; only 14sq.km in Nepalese
territory. Officially, 82 Indian villages and 33 Nepalese villages would be completely
submerged and 11,361 families would be fully displaced. Tehri Dam submerged 33 villages.

Like the Tehri Dam, the Pancheshwar Dam lies in Zone 4 of Seismic Activity. Between 1992 and 2006,
over 10 earthquakes with a magnitude exceeding 5 (on the Richter scale) have had their epicenter
within a radius of 10 km around the site of the proposed Pancheshwar Dam, making the Pancheshwar
Dam much more vulnerable to damage in an earthquake than the Tehri Dam

Although identified since 1962, the project has been evolving slowly over time. Just
recently, India and Nepal formed the Panchmeshwar Development Authority to complete
the Detailed Project Report (DPR). However, Maoist influence in Nepal is threatening to
delay or derail the project.

Ganga River is Rapidly Shrinking

According to a study of 900 rivers conducted by the National
Centre for Atmosphere Research in Colorado (US), the Ganga
is amongst the world’s rapidly shrinking rivers. It is among 45
rivers that showed a statistically significant reduction in
discharge to the ocean – in 2004, the Ganga had 20 per cent
less water than it did 56 years earlier.

Responding to a PIL to make Ganga pollution-free, in January
2011 the Allahabad high court asked the state government to
ensure 50 per cent water level in the river Ganga in the
interest of general public by refraining from drawing excess
amount from the Ganga.

HYDROPOWER POLICIES AND PROTESTS IN HIMACHAL PRADESH

According to statistics available with Central Electricity Authority, 14 hydropower projects
aggregating 4,472 mw are under execution in Himachal Pradesh. This comprises 2,763 mw
in the Central sector, 1,414 mw in the private sector and 295 mw being developed by state
government owned HPPCL. The state is actively promoting hydro power as is reflected in its
policies:

 Selection of developer on MOU route for projects up to 100 MW and based on international
competitive bidding route for projects above 100 MW;

 No clearances from CEA for projects selected on competitive bidding route for projects costing
up to Rs2,500 crores;

 Secondary energy rate to be at par with primary energy;

 Premium on peak power, and

Will Ganga Dry-up Soon?

Recent satellite pictures have
revealed that an 8 km stretch

of the Bhagirathi river has
dried up. Other rivers

emanating from the Gangotri
glacier, including Bhilangana,
Assi Ganga, and Alaknanda –
all tributaries of Ganga – are

also drying up.
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 100% foreign equity permitted on the automatic approval route provided it does exceed Rs
1,500 crores. Also for projects above 100 MW installed capacity, the government has reserved
the right of equity participation up to 49% on a selective basis.

Highlights of New Hydro Policy of Himachal Pradesh Government on Privatization:

 Selection of Developer on MOU Route allowed for projects up to 100 MW
 Selection of Developer on ICB route for Projects above 100 MW.
 No Clearances necessary from CEA for projects selected on competitive bidding

route for projects costing upto Rs. 2500 crores.
 Secondary energy rate to be at par with primary energy. Premium on peak power

proposed.
 Process of Transferring clearances to IPP’s simplified.
 100% Foreign Equity permitted on the automatic approval route provided it does

exceed Rs. 1500 Crores.
 Limit of 40% financing from Indian Financial Institutions waived off.
 Tariff determination by SERC/CERC.
 Projects upto 25 MW to be transferred to MNES.
 HPSEB to purchase power @ Rs. 2.50/kWh from projects upto 5 MW capacity
 Banking & Wheeling Facilities permitted @ 2% including transmission losses.
 Incentives for small HEP as per GOI Guidelines.
 Moratorium of 5 years for payment of Electricity duty by companies which consume

electricity produced by them.

Voices against Hydro Projects

Water Shortage and Environmental Damage

People say that places which earlier had plenty of water are
now turning dry because of diversion of water to these
projects. Diversion of the river and streams for the projects is
affecting the water flow crucial not just to the river fauna but
to communities dependent on them for irrigation and drinking.
Besides, the indiscriminate use of explosives for the tunnel
construction has also increased the risk of landslides in this
geologically sensitive mountainous region. The rivers and other
water channels are being used to dump project debris.

Himachal Pradesh, state which serves the thirst of Food Bowl of
India (Haryana and Punjab) through its mighty rivers, Sutlej,
Ravi and Beas is facing trouble for its Hydropower initiatives
that provides electricity to Delhi, Rajasthan, Haryana and
Punjab.

Amongst the hydropower projects that have run into trouble are the 40 MW Renuka project
in Sirmaur district, the 4.5 MW Hul project in Chamba, the 1 MW project at Jogini waterfall
in Manali and the 100 MW Sainj project in Kullu. People particularly from Shimla, Kinnaur,
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Chamba and Kullu districts are agitating against the ongoing Hydro-electric projects
because of the environmental damages.

Recently four officials of prestigious Himachal Pradesh Power Corporation, working with
ADB funded 130 MW Kashang hydropower project in Kinnaur district, were taken as
hostage. They were released only after the HPPCL's assurance that most of their demands,
including compensation, would be accepted.

In Chamba, locals have mobilized themselves under the 'Saal Ghaati Bachao Sangharsh
Morcha' and have been protesting against the project since 2005. Last year five people
were injured in clashes between the villagers and the hydropower company's contractors.
Voters of four panchayats in Nichar subdivision in Kinnaur district boycotted the panchayat
elections in December 2010 to protest the upcoming 1,000-MW Karcham-Wangtoo
hydropower project due to threats of environmental damage.

Silt Shut Down Hydropower Plants

High silt in the Sutlej shut down all major hydropower plants in HP. These include the
Nathpa Jhakri power plant and the 1,000 MW Karcham Wangtoo hydroelectric project, both
located in Kinnaur. The silt level in the river reached 9,000 – 10,000 ppm, way beyond the
permissible limit of 4,000 – 5,000 ppm.

It affected the power supply to Punjab, Haryana, Chandigarh, Himachal Pradesh, Delhi,
Jammu and Kashmir, Rajasthan, Uttar Pradesh and Uttarakhand.

Activists Ask ABD to Stop Funding Himachal Hydro Units

Few months ago, activists led by Medha Patkar asked ADB to
stop funding the projects being executed by the state-run
Himachal Pradesh Power Corporation Ltd. (HPPCL), due to
their environmental concerns. They demanded scrapping of
100 MW Sainj in Kullu district, 402 MW Shongtong-Karcham
and 195 MW Kashang stage II and III in Kinnaur district be
scrapped due to their adverse socio-economic and
environmental impacts. They further claimed that the land

was acquired forcibly and compensation and rehabilitation policies were based on local
protest rather than public consultations.

The Kashang stage II and III are also being locally opposed, the Shongtong-Karchham
project on the Satluj river is feared to cause disappearance of the river besides severe
ecological destruction.

They also pointed out forest department’s estimates that over 9,000 hectares of forest land
has so far been diverted to non-forest use; of which 7,000 hectares were used for hydel
projects.

Villagers Oppose Hydro Project

Hundreds of people from 27 villages in three districts – Shimla, Kullu and Mandi – had been
protesting against the 775 MW Luhri project in upper Shimla. They fear that a 38 km
stretch of the Satluj river will disappear in some areas of Kumarsain tehsil in Shimla and
Nirmand in Kullu. It will pass through tunnels which will dry up traditional water sources in
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the areas. Residents of Seraj and Kumarsain tehsils raised concerns about impact of the
tunnels on their apple crop.

The project involves construction of an 86 m high concrete gravity dam with gross reservoir
capacity of 35 million cubic m, from which 38.14 km long twin tunnels of 9 m diameter
would bring water to an underground powerhouse some 40 km downstream of the dam
site.

Protest against Small Hydro Projects

As is the case in all mountain regions, it is the small
streams which sustain local livelihoods of remotely
located poor communities and fragile but bio-diverse
ecosystems in numerous ways. Therefore diversion of
these tiny streams for construction and project use
deprives the local community of their much needed
resource of survival. What makes small projects
problematic is the fact that no environmental
clearance from the Ministry of Environment and
Forests is required.

A lot of resentment among locals is due to the fact that Himachal is meeting the power
needs of other states at the cost of local ecology.

Hydro Power Projects under CDM

The Kyoto Protocol’s Clean Development Mechanism (CDM) allows industrialized countries
(Annex 1) to partially meet their Kyoto Protocol commitments by reducing  emissions in
developing countries (non-Annex 1) and using the resulting emissions reduction credits
towards their Kyoto targets. The CDM plays a pivotal role in the international climate
change regime helping emitters in industrialized countries lower their costs of compliance
and providing funds for renewable energy, energy efficiency and other emissions reducing
activities in developing countries. The CDM is designed to create a more global market for
emissions reductions, allowing regulated emitters to reduce emissions wherever in the
world it is least expensive to do so.

Currently hydropower is the largest source of non-fossil fuel electricity globally. In 2008
hydropower accounted for 16% of electricity supply worldwide with an installed capacity of
926 Gigawatts (GW), producing 3,551 billion kilowatt hours per year. Its growth is expected
to continue in part due to its low carbon emissions.

Hydropower makes up 30% of all carbon offsets projects registered under the Kyoto
Protocol’s Clean Development Mechanism (CDM) – just over 1000 projects as of 1
September 2011, the most of any project type – from the smallest project of 0.1 MW in
Bhutan to the largest of size 1200 MW in Brazil. Over 1000 hydropower projects are already
registered under the CDM and another 700 are applying for registration.

Although hydropower is the most prevalent project type in the CDM, they are located in a
small number of countries. China and India combined share about 78% of registered
hydropower CDM projects. Almost 90% of all hydro projects in the CDM pipeline are located
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in China, India, Vietnam and Brazil, countries considered emerging economies. China is
expected to generate the most credits from small and large hydro. In contrast, less than
1% of registered projects are hosted in Least Developed Countries (LDCs).

Status of Hydro Power Projects under CDM

 168 hydro power projects with an installed capacity of over 6800 MW were in the
pipeline until Dec 2010.

 72 (20 large and 52 small scale) hydro power projects with an installed capacity of
over 1100 MW were registered by CDM EB

 5 states (Himachal Pradesh, J & K, Karnataka, Sikkim, TN, and Uttarakhand)
consists of 70% hydro power projects (6250 MW installed capacity) in the CDM
pipeline.

Adverse social and environmental impacts do not go well with the CDM objective of
sustainability, but unfortunately there is evidence of negative impact of CDM projects in
India. Some examples are highlighted below:

Allain Duhangan Dam (192 MW), Approved May 2007

The project has suffered from inadequate rehabilitation of affected villages and environmental
violations. The Office of the Compliance Advisor/Ombudsman of the International Finance Corporation
(2005) verified that the project developer had not ensured enough irrigation and drinking water for
affected villages. The project was also temporarily halted and fined for violations of Indian forest
conservation law due to illegal felling of trees, dumping of waste and road construction.

Bhilangana (22 MW), Approved January 2007

Affected villagers never consented to the project and actively opposed the project. Villagers opposed
to the project were jailed multiple times and 29 people were arrested in November 2006 were forced
to sign a document stating that they would stop resisting the project. Significant physical abuse by
the police was reported.

Jorethang Loop (96 MW), Approved February 2008

A survey of the affected villages by an Indian NGO after the public hearing found that many villagers
were not informed about the meeting. Requests by villagers and NGOs of project documents including
the environmental impact assessment were ignored by the project developer

The Way Forward

Government of India is vigorously promoting large scale development of hydro power in
India through changes in policies, all driven to involve greater private entrepreneurs. The
major issues plaguing the hydro power sector have been identified and policy changes to
mend these barriers are now required. These issues have been discussed earlier in the
paper.
The way forward to meet the energy demand is as follows:

 The recommendations made by the Standing Committee for hydropower
development are crucial and should be enforced for maximum benefit to the Indian
hydropower sector.
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 Consistent policies and regulations should be made through the States. Any
variation in policies and benefits offered by different states will cause problems in
development of many project sites in different states

 Large scale hydro projects which involve greater risks due to geological uncertainties
etc should be implemented by the state nodal agencies, while the relatively safer
projects with reduced risks and smaller capital investments should be offered to the
private entrepreneurs.

 A single window clearance setup for hydro projects will solve most problems related
to the clearances etc

 Renovation and Modernization of existing /old hydro power plants should be
promoted and planned for, instead of complete focus on setting up of green field
power projects

 Financial issue like Long term debt financing / long tenure loans, differential tariff for
pea and off-peak hours need serious thinking and early implementation

 The private sector participation in the large scale development of hydropower should
be promoted. This can be achieved either through public-private partnerships or
through independent private projects (IPP way). The Government of India has
already recognized the need to increased private involvement and has referred to it
in the national policy document.

 The hydro sector needs to develop a set of competent civil engineers / contracting
agencies that have the technical and the management expertise to conceptualize
and develop a project of the required scale. The contract management practices with
a transparent system of selection of contractors and resolve any disputes that may
arise need to be reviewed.
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