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Synopsis: H.N. Bahuguna Garhwal University, Srinagar, Uttarakhand had organized a symposium on 14-15 Feb. 2009 on “Hydroelectric Projects in Uttarakhand: Opportunities, challenges, and conflict resolution”. This article is based on the paper presented by the author in this symposium. In view of the vast similarities of geography and climate with other Himalayan states, the relevant issues have lot of similarities with other Himalayan states too. 

The natural resources of Himalayas and its ecology are not only crucial for the Himalayan states, but very important for the whole country. These states seem to be keen in exploiting their vast hydro electricity potential for net revenue earning; but there are credible risks of upsetting the delicate and complex equation of ecological sub-systems of the nature. Additionally, the economic and social impact of a large number of dams cannot be ignored. Hence a holistic approach to all the relevant issues is crucial before hydro power policy is considered for net revenue earning in these states. 
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1. Introduction: 
The unique position of Uttarakhand as a state with hilly terrain, snow clad mountains, glacier fed rivers, and 65% forest cover provides it with both opportunities and threats.  While it may appear that there is huge potential for exploiting its natural resources for net revenue earning, there are also credible risks of upsetting the delicate and complex equation of ecological sub-systems of the nature. Hence an objective study of all the issues surrounding a sustainable development model will be critical for the long term welfare of not only the people in the state, but also of other riparian states of rivers like Ganga.  The huge potential in the area of hydro electricity generation and the potential for revenue generation for the state through it should be carefully viewed in this context.

Uttarakhand as a separate geographical entity is in a unique position.  As the background paper to the symposium indicates it is a state with hilly terrains, snow clad mountains, many glacier fed rivers such as Ganga and Yamuna, and has more than 65% area under forest cover. It has only about 13% of its land for agriculture. Rest of the area of the state is snow covered. However, it has very rich water resources. It is a home of 238 glaciers spread over 735 km2. The total annual rainwater received over the state is estimated to be more than 66,000 million litres spread over 100 days on an area of 53,484 km2. Uttarakhand is also the source of many major rivers (Ganga, Yamuna, Sharada, RamGanga, etc.). Thus, the Uttarakhand is being called as a tower of freshwater resources of Asia.

The background paper to the symposium says that “… the basic purpose for the creation of the new state was to accelerate the economic development of the hill region for improving the living standard of the people. We cannot use the forest resources for commercial exploitation, as the Indian Forest Act and the National and global requirements do not allow for this. We have limitations for industrial development in the fragile mountain ecosystem of the state. Now, the only option available is to tap the vast water resources for power generation. It is a renewable and most convenient source of energy. ….. At the same time, we have unlimited challenges in terms of handling environmental, socio-cultural and economic issues in planning, development and construction of hydroelectric projects in Uttarakhand due to its sensitive ecology. Therefore, every care should be taken from the identification of sites to development and construction of hydroelectric projects in the state. There should be a holistic approach for sustainable development of the entire river valley watershed. Any issue unattended may open up Pandora’s box.”
As the background paper to the symposium has correctly stated there is a dire need to consider all the relevant issues of the state in an objective sense, and take a well considered decision on the issue of hydro electric policy for the state, especially as a net revenue earner.

In view of the fact that all the Himalayan states have similar geography, climate, natural resources, life style, economy etc. the issues relevant to hydro-electric power policy as a net revenue earner are also similar.  Hence the discussion of Uttarakhand in this context can provide a bird’s eye view of the relevant issues in all other Himalayan states.
1.1 Uttarahkand’s Power scenario: 
Uttarakhand’s own demand for electricity provides an interesting scenario.  The state’s own installed electricity generating capacity is about 1,760 MW including that of private sector, and the total available capacity, including the central sector share, is about 2,400 MW as at the beginning of year 2009. (Ref. table 1A).
 Table 1(A): Available power capacity in Uttarakhand (MW)

                                                               (as on 30.11.2008) 
	State Sector (all types of fuels)
	1,358 

	Private Sector
	   400 

	Share in Central Sector projects of 

Northern Region
	   642 

	Total
	2,400


                                                 (Source: CEA website as on 03.1.2009)

                            Table 1(B): Installed power capacity in Uttarakhand (MW)

                                                                  (as on 30.11.2008) 

	State’s Own capacity  
	

	Hydro
	1248

	Thermal
	Nil

	Renewable
	 110

	Private Sector (Hydro Only)
	 400

	Central Sector Share 
	 642

	Total
	2,400


                                                 (Source: CEA website as on 03.1.2009)
Against this installed generating capacity, the state was able to meet a peak demand of 1,150 MW with a deficit of 4.2% during the year 2007-08. During the same period the deficit in annual energy demand met was 2.9%. Table 2 below indicates that in recent years the state had not much difficulty in meeting its annual energy demand, but faced some difficulty in meeting the peak hour demand. As compared to the total available capacity of about 2,400 MW, there should not have been any difficulty at all in meeting both the peak demand and annual energy of the state even after allowing for the national level inefficiency in power sector such as 30% T&D losses, 15-20 % of utilization losses, and deficiency in Demand Side Management (DSM) measures.  All that it required to meet the state’s electricity demand satisfactorily was to manage the existing electricity infrastructure more efficiently.                     
As indicated in the table 3, the projected peak hour demand and annual energy demand for Uttarakhand during next 5 years is not huge, though it is about 7 % because of small a base. The available installed capacity of 2,400 MW even at conservatively assumed annual load factor of 35% can provide about 7,300 GWH per year, which is more or less equal to the projected annual energy demand in 2009-10.  If we take into account the share of Uttarakhand from the forth coming central sector projects, and also of its own committed projects as of today, it can be surplus by a considerable margin for next few years if the electricity infrastructures are operated and maintained more efficiently.

Table 2: Electricity Demand, supply and shortage in Uttarakhand (Last 6 years)
	
	2002-03
	2003-04
	2004-05
	2005-06
	2006-07
	2007-08
	April- Nov.
2008

	PEAK POWER
	
	
	
	
	
	
	

	Requirement (MW)
	771
	777
	846
	991
	1,108
	1,200
	1,251

	Availability (MW)
	705
	737
	794
	857
	  991
	1,150
	1,251

	Shortage (%)
	8.6
	5.1
	6.1
	13.5
	10.6
	4.2
	0

	ANNUAL  ENERGY
	
	
	
	
	
	
	

	Requirement (MU)
	3,774
	4,197
	4,628
	5,115
	5,957
	7,047
	5,079

	Availability (MU)
	3,670
	4,108
	4,470
	5,008
	5,599
	6,845
	5,047

	Shortage (%)
	2.8%
	2.1
	3.4
	2.9
	6
	 2.9
	0.6


                                                                (Source: CEA Website as on 3.1.09)
                                              Table 3: Uttaranchal Electric Power Forecast 

	Year
	2008 - 09
	2009 - 10
	2010 - 11
	2011- 12

	Peak Demand (MW)
	1,238
	1,330
	1,428
	1,533

	Annual Energy (GWH)
	6,752
	7,275
	7,838
	8,445


                                                                     [Source: 17th EPS, CEA]

Considering the data from Central Electricity Authority (CEA) it would appear that Uttarahkand’s power requirement varies from about 19MU/day during summer to about 23 MU/day during winter. Its own generation varies from about 12.5 MU/day during summer to as low as 7 MU/day during winter.  Along with the share from Central Sector Projects of the Northern Region the state records surplus during summer and a small deficit during winter months. However, this surplus is entirely dependent on the vagaries of the South West monsoon.

Because of its hilly terrain the growth in electricity demand is not expected to be huge on account of industries or agriculture, as could be expected from the states in plains.  Instead of large or energy intensive industries, if forestry based and agro based industries, are carefully planned and operated, they can not only be a sustainable source of employment but can also contain the electricity demand within a manageable level.  Keeping all this in view it is safe to aver that the state will not need the large number of additional power projects (150 projects as per one estimate) proposed to meet its own legitimate demand for electricity during next 10-15 years.
This credible scenario brings us to the question of harnessing the vast hydro-electricity potential of the state largely to export it to other states.  In addressing this question various issues associated with hydro-electric power must be considered objectively, and a sustainable development model has to be arrived at for the overall interest of the state.
2. Issues with hydro electric power plants

Hydro electric power plants are generally associated with dams and reservoirs of varying sizes and complexities. They play a major role on the general ecology of the region, but play a major role particularly in the lives of the people surrounding the project area, and on the people associated with the river as a whole.  Their impact on the economic, social, and environmental aspects of not only the immediate surroundings but the larger society will require careful considerations before a decision is taken on the construction of dam based hydel plants.  

2.1 Economic Impacts

For centuries the rivers which originate in the Himalayas have provided sustenance, livelihood and prosperity to millions of people in the Indian sub-continent. Uttarakhand with so many important rivers has a similar importance to millions of people in India.

The dam building activity has been known to transform the landscape, ecology and economy of the region, and also to have far reaching consequences all the way to the river deltas such as SunderBans in case of river Ganga.  Some of the major issues associated closely with dam building are: 
· Submergence of lands, agricultural fields, forests, grazing lands and homes on a large scale can lead to the displacement of a large number of people. This in turn can threaten the very livelihoods for the Project Affected Families (PAFs).  
· The compensation that may be admissible to such people is generally considered to be inadequate to enable them to lead a satisfactory life, as has been the recent past experiences. Even such inadequate compensation is not admissible, in most cases, for those who have no legal rights on lands. In any project there will be a substantial percentage of local population, who may not have legal rights to the land, but are heavily dependent on the local natural resources such as land, river and forests.  Our society’s inability, as has been recorded in the past, to undertake and ensure comprehensive rehabilitation of such PAFs has turned out to be a major economic disaster because many of PAFs who have lead a satisfactory life in a traditional system, have become destitute after displacement; some of them have been subjected to multiple displacements.
· Disruption to downstream flows will have impact on agriculture and fisheries threatening the livelihoods of people, who have no other employment skills to depend on after displacement.  This will affect the people living on the downstream of the dam even though they may not be physically displaced.
· Construction of dams are preceded by clearing of trees, excavation, fragmentation of the forests, dumping of debris/ construction materials, noise and air pollution due to construction activities etc. These would lead to the degradation of natural surroundings, and to degraded water sources.   

· Impounding of water in the dams is known to cut off access roads thus isolating villages/ communities. This has adverse effect on the economy of the locals.
· Impact of one dam may not appear to be as huge as compared to the cumulative impact of a number of dams in one region or as a cascade of dams on one river. (Ref.2)
· Himalayan region has been known to be seismically very sensitive, and hence dams in these regions face potential risks of catastrophic failure from earthquakes. 
· Sedimentation has been a major issue with Himalayan dams, and hence needs to be carefully considered before committing to build more dams in Uttarakhand. Reports indicate that the sedimentation rates are the highest in Himalayan rivers amongst all the Indian rivers. A dam designed today for a life of 50 + years may become fully silted in about 30 years if adequate measures are not taken to (i) reduce silts from the slopes of river valleys, and (ii) allow the majority of silt to pass through the dams.
· Another area of concern for building dams in Himalayas is the threat due to Global Warming. With the accelerated glacial melting the dams are likely to see huge increase in inflows initially and then highly reduced inflows in subsequent decades. This effect is likely to threaten the safety and economy of the dams.(Ref.2)
· Additionally, the floods caused by Glacial Lake Outbursts can threaten the safety of dams. (Ref.2)
In view of the fact that most of the dams are designed for 50 + years of economic life, it is highly likely that the future dams in the Himalayan region, which are basically glacier fed, will face these credible risks in our own life time.

· The people who will benefit most by the proposed large number of hydel projects are the project developers, but the consumers and the local people will face all the hydrological risks and economic difficulties. (Ref.2)
· Due to remoteness of the Himalayan dams from the load centre, long transmission lines have to crisscross the landscape and will occupy large tracts of lands; either forest or agricultural lands. These costs are not generally included in the project costs of a dam based hydel project. (Ref.2)
· Inability of our society to effectively rehabilitate the PAF, as experienced in different projects since independence, should be a major consideration in our decision making process of building more dams. The recent past history of Narmada valley and Tehri hydel project are glaring examples of gross indifference our society has shown towards the plight of PAFs. Tehri project is known to have submerged Tehri town and 37 villages fully and 88 villages partially. More than 10,000 Families are estimated to have been displaced. The economic loss of such submergence, if we take into objective account the perpetual nature of revenue loss, will be enormous. An estimate by World Commission on Dams indicates that about 75% of the people displaced by big dams have not been effectively rehabilitated (Ref.4).  Another estimate says that in India the aggregate of people displaced by various projects since independence is in excess of 50 million and a substantial percentage of this displaced population have not been effectively rehabilitated even after many decades. The resultant impacts on our society include a steep increase in the number of slums, and financial pressure on the entire society. 

· The past record of relocation and rehabilitation (R&R), adequate legal protection against displacement, exclusion of social and environmental criteria in the detailed project report (DPR), exclusion of all the stake holders from the planning and implementation process will lead to massive social and economic disruptions. A leading social activist has linked the increase in number of slums in Jabbalpur (Madhya Pradesh) to the increase in the height of Dams in Narmada project.
· The hydel dams are not renewable in a true sense, because the dam and other hydro structures have a finite life of say 50-75 years after which they will need decommissioning (Ref.2). Even though storing of water may be done away with after decommissioning, the forest wealth, which was destroyed at the time of dam building, would be lost for ever.  
· Questions have been asked by many observers about the actual performance of the existing dams. As per a study by Himamshu Thakkar of SANDRP, out of 228 operational hydel projects in India as on 31.3.2007, which were surveyed by him, 82% were underperforming. Additionally, the survey has indicated that this 82% of the projects have achieved actual generation of electricity which was less than 50% of the design capacity. This situation is mostly due to overestimation of the hydro electricity potential of the individual projects or sedimentation or both.  Sharavathy valley hydel project, which is a major project in Karnataka, is known to have recorded full reservoir level of stored water only in 4 years out of 30 years of commissioning.  Such overestimation of the hydro potential has resulted in many projects acquiring more forest /agricultural lands than required, and consequently has displaced more people than was really necessary. 

· The study by Himamshu Thakkar also reveals that between 1995 and 2007 the electricity generation from the hydel power projects in the country has come down from 3.97 GWH per MW to 3.39 GWH per MW despite the fact that year 2007 saw a rainfall which was 105% of the long term average. This indicates gradual decline in the outcome of hydel projects, probably due to silt accumulation and other factors.
· A financial analysis done on West Seti hydel project in Nepal, which is basically meant to export the energy generated to India, indicates that net revenue to the local economy will be very meager after allowing for the capital investment recovery and profits of the private investors (Ref.2). This has particular relevance to Uttarakhand, which may see a large number of hydel projects to export generated electricity to other states.
· The official project reports [detailed project report (DPR)] are known to ignore the true cost of decommissioning of dams, once their economic life comes to an end.  These costs when taken into objective account can have a major impact on the cost V/s benefit ratio of the project itself. In a forthcoming book by title “Decommissioning of Dams in America: Lessons for India” Dr. Bharat Jhunjhunwala has addressed the topic in the background of such experiences in USA.  He has shown that the economics of dam building are being seriously analysed on credible grounds in USA, because of which many dams are being decommissioned, and which should forewarn our society of the costly experiments we may be undertaking in building a large number of dams. 
· With the ever increasing contribution of services sector to the GDP of Indian economy, the real market value of the electricity from the proposed 150 hydel projects is likely to be much less than what it may appear now.
· One argument in favour of hydel projects in India, which is frequently advocated by dam proponents, is that a hydro-thermal mix of 40- 60% is essential for a satisfactory operation of the electricity grid. This argument says that since the hydro component of installed generating capacity in India is less than 30%, more hydel projects should be built. This argument is weak on two fronts. The power systems of many countries such as France, Japan, Britain etc. have predominantly thermal power projects, and are operating satisfactorily. Whereas India’s total hydro potential is estimated as about 150,000 MW, the country will never be able to get 40- 60% hydro-thermal mix, if the projection of 800,000 MW of total installed generating capacity (as per Integrated Energy Policy) by 2031-32 is to be realized.  
With so many credible economic risks it is a serious question whether the financial return from proposed hydel projects can be assured, and whether it is consistent with the risks.  The cumulative adverse impacts of all these economic aspects alone may equate to a substantial percentage of the state’s GDP, and will result in serious erosion of economy of not only the state but also the entire region and the country if a large number of dams are built without serious studies.  
2.2 Social, cultural and heritage impacts

Since a large number of human settlements in India, as elsewhere in the world, have prospered in the river valleys any change in the natural characteristics of a river would adversely impact these people.  Such changes will have social, cultural and heritage impacts.  Some of the major issues in this regard are:

· Probably the most affected community from Himalayan dams is the tribal community, who live in isolated places in a small number with distinct identity, language and culture.  The influx of migrant workers from other parts of the country for construction can devastate their community life. (Ref.2)

· Tribal populations normally have close ties with rivers, forests, hillocks and animals. With submergence of their sacred elements they will undergo extreme deprivation.

· Influx of migrant workers will result in threat to the culture and identity of the locals. Large influx of migrant workers from other parts of he country to be engaged in dam building activities will put the local communities under severe pressure due to social and economic issues; competition for natural resources such as land and water; increase in price and shortage in availability of construction materials; pressure on language and culture etc.

· A large number of people in Himalayan rural areas depend a lot on the rivers and streams. Hourly, daily and seasonal change in the river flow, due to the construction of dams, will impact them massively. Sharavathy tail race project in Karnataka is a glaring example. Being the fourth hydro electric project on the river Sharavathy, conditional approval was given to run it as a run-of-river scheme, but it has been operating as a peak load station severely affecting the ability of the downstream people to cope up with the sudden gushing of water during the peak hours of the day.  Another example is that of Narmada valley project where a number of people were reported to have been washed away due to sudden discharge of water from one of the reservoirs.  

· Various impacts of such large dams extend upto the river deltas; in case of Bhagirathi river it will affect the flow in Ganga and hence will affect the deltas in Bangladesh.

· As per an independent report the Tehri Dam Project has affected around 125 villages including the old Tehri town. Tehri Township along with 39 villages will be fully affected and another 86 villages (number may possibly increase) would be partially affected. It is very difficult to visualize how so many families can be rehabilitated effectively. It is highly probable that a considerable number of these people may become destitute for various reasons. Not only it will be very difficult emotionally to justify the displacement of so many families, but it will also be difficult to visualize the improvement in economic and social wellbeing of the state consequent to such large scale displacements. 

· Karnataka’s experience in two river valleys of Sharavathy and Kali has been very sad. The PAFs have been displaced 2 or 3 times within a short span of 20-30 years; initially due to the construction of cascaded dams, and finally to declare the areas as reserve forests. The socio-economic impacts of such repeated displacements have been disastrous to the PAFs.
· The river valleys in India have been human habitats with social, cultural, religious and heritage importance for thousands of years. Many of the old temples and other religious institutions, which have been a source of spiritual inspiration for centuries, face permanent destruction from dams.  
· The vastly reduced amounts of silts in rivers obstructed by dams would have serious impact on the nature and area of river deltas. They are known to have resulted in ingress of sea inlands affecting the water quality. There are reports that in Gangetic delta such erosions have resulted in considerable reduction in the size of delta, and hence there can be an issue of territorial integrity.
Though it is impossible to put a tangible economic value to the losses suffered by our society due to such social, cultural, religious and heritage impacts, it will suffice to say that the combined losses can be very huge, and is difficult to express in words or numbers. It will be not be an exaggeration to suggest that such losses in case of a single large dam, such as Tehri, can be more than the combined financial benefits of few dams.  
 Table 4: Hydel Projects in Uttarakhand

                                     (In various stages of survey, investigation, planning and construction)

	
	Project Capacity
	Number

	1
	Up to 5 MW
	65

	2
	>5 MW and < 25 MW
	36

	3
	>25 MW and < 100 MW
	24

	4
	>100 MW and < 250 MW
	11

	5
	>250 MW
	21


                                                 (Source: Various independent studies)

2.3 Environmental Impacts

In addition to economic and social issues the construction of dams has been known to adversely impact the local and global environment. Some of the major issues in this regard are: 
· A major issue with dams is that the quantity, quality and pattern of water flow in the rivers get impacted with the result that biodiversity dependent on river flow is severely affected (Ref.3). 
· A large number of hydel projects, about 150 in number of varying capacities (from 1 MW to 500 MW as in table 4 ), are reported to be in various stages of survey and investigation, planning and construction in the state of Uttarakhand alone.  A major concern with a number of dams planned for Uttarakhand has been the combined impact of cascaded dams on environment, flora and fauna. More than 10 dams are reported to be planned / being constructed on river Bhagirathi and its tributaries alone.                                       

· With much of water stored in different stretches of the same river (in case of cascaded dams), there will be very few stretches of free flowing river.  The health of a river is known to be affected seriously when its natural flow is obstructed. With many dams on the same river there will be pools of stagnant water as compared to a free flowing river, and towards the tail end a mighty river may become an unrecognizable stream.  Rivers Sharavathy and Kali in Karnataka, where multiple dams have been constructed have many stretches of stagnant water.
· Past experience of incomplete or incorrect Environmental Impact Assessment (EIA) in various projects have severely dented people’s confidence in the effectiveness of EIA and Environmental Management Plan.
· Whereas the National Forest Policy has recommended a target of forest /tree cover of 33% of the land area, the national average is less than 20%. If fortunate states like Uttarakhand, with more than 33% of forest /tree cover, take a decision to reduce it the region and the country as a whole will be affected ecologically. 
· The proponents of dam based hydel project seem to put forth an argument that dams are benign as far as Green House Gas (GHG) emissions are concerned. But this argument conveniently forgets the fact that the massive vegetation which gets drowned by dam waters can emit Methane Gas (CH4}, which is a much higher potent GHG than CO2. One estimate indicates that the total GHG emissions from the dams in India are about 18% of all GHGs in India.

· Many of the hydel projects are asking for project approval on the basis that they are run-of-river type; meaning that they do not affect the natural flow of river to any considerable extent.  But in reality most of them may end up functioning as peak demand power stations generating electricity on an average for only few hours of the day and storing water for the remaining duration of the day. Such projects will generate power during the peak demand hours, probably for 2 to 4 hours once in the morning and once in the evening.  Such a practice, as experienced in Sharavathy tail race project in Karnakata, will be against the original claim of ensuring natural river flows. Such diurnal changes in water flow of a river will adversely impact the people, flora and fauna dependent on the riverine ecosystem.
2.3.1 Impact on biodiversity 

Being one of the earliest civilizations, our society has attached a great cultural and spiritual value to rivers and the rich biodiversity associated with them. However, since independence our treatment of rivers and the rich biodiversity associated with them has been one of grossly callous in nature. 

· A river is known to be most beneficial to the flora, fauna and humans only if its water is fresh and flowing continuously. One or more dams on a river will severely affect this characteristic of a river, and hence will deprive us of all the associated benefits. 

· It is very disturbing to note that there are no legally mandatory norms in our country which stipulates the minimum fresh water flow in a river with or without hydro electric dams.  Authorities seem to consider the water flowing to sea as a waste, without appreciating the need for such a flow to conserve the ecosystem. Such ‘Environment Flows’ are required to maintain the ecological integrity of a river and its associated ecosystems, and of the goods and services provided by them. (Ref. Himamshu Thakkar of SANDRP).
· In view of the fact that many hydro electric projects involve diversion of river water through tunnels of many kM in length, if there is no minimum ‘Environment Flows’ the stretch of the river between the dam and the point where the water passing through the hydro turbines reenter the main course of the river will become dry. In many cases this stretch of a river can be few kM, and the river ecosystem in such a stretch could be destroyed. 

· Dams prevent the silt from flowing down the river and seriously affect the availability of rich nutrients to the bio-diversity down stream.(Ref. 3)
· The Himalayas are not only recognized as bio-diversity hotspots but also as fragile ecosystems with many species of flora and fauna amongst the endemic types.  Dam building activities like digging, blasting, excavation, dumping of debris etc. are likely to severely damage the Himalayan ecology.

· Dams are known to have reduced populations of migratory fishes or caused extirpation of genetically distinct populations, as well as diminishing estuarine fishes in most continents. In North America studies have revealed that fresh water extinctions are five times as high as those on land. (Ref.3)

World Charter for Nature was adopted by consensus by UN General Assembly in 1982.  It has provided some guiding principles for protecting biodiversity. Some key principles are: (Ref 3)
· Activities which are likely to cause irreversible damage to nature should be avoided.

· Activities which are likely to pose significant risk to nature shall be preceded by an exhaustive examination; their proponents shall demonstrate that the expected  benefits outweigh potential damage to nature, and where potential adverse effects are not fully understood, the activities should not proceed.

· Environmental Impact Assessment should be thorough, be given sufficient time, and be carried out in an open and transparent fashion. 
As a society do we have the necessary commitment and means of following these guidelines in an objective sense?

If we take all these issues into objective account the aggregate cost to the society of big dam based power projects is much higher than the cumulative benefits.  Unfortunately, it has been a practice where the direct and indirect costs are not objectively considered and benefits are exaggerated in a cost V/S benefit analysis to get the project approval.
2.3.2 Value of bio-diversity: At the global scale the value of ecological functions as well as resources of the environment (both terrestrial and aquatic) has been estimated to be about $33 trillion per year, which is almost twice the global domestic product.  Fresh water ecosystems are considered to be ecologically more valuable than the terrestrial ones (Ref.3). 
How much is the potential value of ecological services associated with forests and fresh water resources of Uttarakhand? Bio-diversity has many kinds of values and potential benefits for the humans and the world as a whole.  It will be a wise policy to apply Precautionary Principle and take necessary action to conserve Bio-diversity before components of it are permanently lost.  This approach is advocated by the Convention on Biological Diversity (Ref.3).
All these environmental impacts, some of which have many intangible benefits to the society, put together can amount to a huge loss / benefit depending on how they are treated. The international community has attached so much importance to the forests that the main outcome of the recently concluded UNFCC at Poznan was the decision to set in motion consultations on ‘Reducing Emissions From Deforestation and Forest Degradation’ (REDD).
3. Suitability of hydro power as a net revenue earner for Uttarakhand
If the large number of hydro-electric power plants, which are envisaged under the proposed hydropower policy for the state, are to be viewed as sources of net revenue it becomes necessary to undertake an objective analysis of all the costs and benefits (CBA) not only to Uttarakhand, but also to the region and the country.  In the context of Global Warming and Climate Change, which are being viewed by scientific community with ever increasing concerns, the erosion of forest wealth and consequent emission of Methane (CH4) in such CBAs has a global relevance too.  Additionally, there is a need to decide whether the revenue from the hydel projects is worth accepting the adverse impact on economic, social, and environmental issues on our society.
3.1 Since the aim of a progressive state policy is the comprehensive development of all sections of the society, the economic, social and environmental impacts of hydro electric power plants, as discussed above, have to be critical part of the decision making.  The financial benefits of generating hydro electricity in excess of the state’s own requirement, and exporting the same are likely to be much less as compared to the aggregate economic losses due to adverse impacts. The serious issues such as the deprivation surrounding the displacement of PAFs cannot be ignored if we are to aim for an egalitarian society.  In this context the ‘trickle down effect’ of higher GDP growth rate (which as an indicator gets a boost by higher electricity generation), as espoused by some economists, is too vague and too small to have any discernible impact on the underprivileged sections of our society. 
3.2 In a detailed study of costs and benefits of Kotlibhel 1B hydel project in Uttarakhand, Dr. Bharath Jhunjhunwala has meticulously listed a large number of costs to the society. While the project developer of Kotlibhel 1B (NHPC) has listed the benefits as (i) benefits from generation of power, (ii) 12% free power to State, (iii) employment, many more true costs to the society have been highlighted in this CBA. Even the benefits mentioned in DPR as prepared by the project developer are not all for Uttarakhand because the additional employment so created will not go to the people of the state alone.  It is very important to note that the total benefit and cost of Kotlibhel 1B HEP in this CBA are calculated as Rs. 155.5 Crores, and Rs.  931.8 Crores respectively, because of which the resultant economic value of the project can be a net loss of Rs. 776.3 Crores to Uttarakhand and the country.  It will be unrealistic to expect the project developer to accept these calculations, but the actual costs to the society can be even higher.  Even though different values may be assigned to various costs listed in this CBA by different schools of thinking it is very prudent to consider the magnitude of order in the costs and benefits. Even the staunchest proponent of dam based power projects will find it difficult to support a project which can be associated with a loss to the society of about 6 times that of the benefits. Even if the estimated losses are assumed as only 25% of the indicated value, the costs to benefit ratio will still be 3/2.  Such are the costs and benefits to the society of large dam based projects. 
It is very disturbing to note that none of the official project reports [detailed project report (DPR)] adopt such an objective analysis of costs to the society, and that on the basis of such incorrect CBA most hydel projects get approval. The official project reports are known to take into account only the direct costs to the project developer while leaving out most of the costs to the society.  The real benefits of a project of societal importance will be known only when all the direct and indirect costs/ benefits to the entire society are objectively considered.
3.3 The true economic value of biodiversity in Uttarakhand, as mentioned in Section 2.3.2 above, deserves a special attention. Against an estimated global economic value of biodiversity of about 2 times the Global Gross Domestic Product (GDP), even if we assign an economic value of 50% of the state’s GDP to the rich biodiversity in Uttarakhand it is certain to be huge and very critical for the state’s all-round development.  With as many as 150 large and small hydro-electric projects planned for the state, it will not be an exaggeration to project a substantial degradation of biodiversity in the state.  Can the state and the region afford to allow degradation of such a rich biodiversity?
3.4 A major report (“Economics of Climate Change” by Sir Nicholas Stern) which is often quoted in the international arena indicates that “Emissions from deforestation are very significant – they are estimated to represent more than 18 % of global emissions”.  Hence “curbing deforestation is a highly cost-effective way of reducing greenhouse gas emissions.”  In the critical context of Global Warming our society has to seriously consider whether we should loose forest/ tree cover through more of hydel projects instead of increasing it to reduce Global Warming risks.
3.5 In view of the credible risks associated with earthquake, silt formation, uncertainty in water flow because of Global Warming etc. in Himalayan dams, the potential revenue from hydro electric power for the state also does not seem to be assured.  Shall the state take so many credible risks for such uncertain benefits?
3.6 The people who sacrifice their lands for the sake of large dams do not get access to electricity at all in most cases. In reality hydel projects are built at huge costs to the locals only to meet a part of the insatiable demand for electricity of urban rich.  The reason why even after 60 years of independence our society has not been able to meet even the meager electricity requirements of the underprivileged is due to the gross inequity prevailing in our society between the ‘haves’ and ‘have nots’.  
3.7 The economic value of the biodiversity in Western Ghats is exemplified by another case study. One of the first exercises to study in detail the effect of a project on the environment and to develop an economic model imbedding ecological costs has been the study of the Bedthi Hydroelectric Project proposed in Uttara Kannada district of Karnataka. This project, across river Bedthi and designed for producing a total of 210 MW, was shelved on the grounds that the economic value of the biomass generated by the local forest was more than the energy equivalent of the proposed project. It is very pertinent to note that the state government was convinced that economically the project was not a viable one after it was cleared by the Central Government and after all the clearances had been obtained.  This project was looked at from economic, ecological and other angles by the scientists from Centre for Ecological Sciences, IISc and other places like IIM (Bangalore), Pune, Calcutta as well as by reputed ecologists and local farming and forestry experts. This study indicated that if realistic cost for forest revenue, agricultural yields, grass and firewood are included in the calculations, benefit to cost ratio comes down to 0.847 from 1.5. If energy storage aspect were to be compared, the project would produce 1 MW for 50 hectares, whereas the forest can generate biomass with energy equivalent for 1 MW of power with 25.50 hectares. This clearly illustrated that energy lost is more than the energy gained. 

As demonstrated in a Greenpeace report “hiding behind the poor” a small percentage of high income earners in our cities are consuming most of the electricity generated, while the majority of the poor and rural population do not have even access to it.  Elimination of such glaring inequity itself can reduce the real demand for electricity by a considerable margin.  In view of the strong social movements being built across the country to oppose them, it will not be too farfetched to visualize a steep reduction of such inequities in a decade or two, because of which the demand for electricity export from Uttarakhand may be drastically reduced.  

An objective look at the potential for power sector efficiency improvement in India and the potential in new & renewable energy sources (tables 5 and 6) will provide us with a vastly different picture of how the power sector in the country will look like in future.  Correct inference from the tables 5 and 6 reveal that the scope for large dam based hydel projects, which can come only at huge costs to our society, in India can be very limited in view of the economic, social and environmental reasons. 

Table 5: Potential for Power Sector Efficiency improvement in India

	       Power Sector Area
	Prevailing level of efficiency / loss in India
	International best practice
	Potential for savings / virtual capacity addition

         (in MW)

	Generating capacity utilisation
	  50 - 60%
	More than 85%
	About 20,000 to 30,000

	Aggregate Technical & Commercial losses (AT&C) 
	  35 – 40 %
	Less than 10%
	About 20,000 to 25,000

	End use efficiency in agriculture
	  45 – 50 %
	More than 80%
	About 20,000 to 25,000  

	End use efficiency in industries and commerce
	  60 – 70 %
	More than 80%
	About 10,000 to 15,000 

	End use efficiency in other areas

(domestic, street lights and others)
	  30– 40 %
	 More than 80%
	About 10,000 to 15,000 

	Demand Side Management
	Potential to reduce the effective demand by more than 20%
	About 10,000 to 20,000


                                                     (Source: Integrated Energy Policy, Planning Commission)

                                                                     Table 6: N&RE potential in India 

	 
	                     Potential
          (Grid interactive power only)

	  1. Wind energy
	     45,000 MW

	  2. Small hydro
	      15,000 MW

	  3. Solar
	  Over 5,000 trillion kWH/year Potential

   (estimated to be many times more than 
the total energy needs of the country)

	  4. Bio-mass
	        17,000 MW

	  5. Ocean Wave  
	   With about 7,000 Km of coastal line it 

should be huge, but no estimates available


                                                            (Source: MN&RE and other sources)

Hence there is a dire need for the Himalayan states to reconsider carefully the proposal to exploit rivers for exporting electricity and to earn revenue.

4. Alternatives to hydel projects as a revenue earner for Uttarakhand 
It becomes obvious from the above discussions that the state of Uttarakhand should be looking for a development model which will ensure equitable development opportunities for different sections of the society, which will harness its rich biodiversity on a sustainable basis, and which can bring net economic benefits to the state as a whole.  
In this regard some of the alternatives to hydro-electric projects in Uttarakhand can be:
a) Increase the efficiency of the electric power sector in the state to the international level, which will make it a surplus state by a considerable margin, and earn revenue without the huge costs of additional hydro-electric projects. As mentioned in section 1, Uttarakhand’s own electricity demand will not be huge in future as compared to its existing power generating capacity, whereas its share from the central sector projects of the Northern region will keep increasing. If the state can optimize its electricity generation, distribution and utilization, it can earn substantial revenue by selling its surplus electricity to other states. 
b) By efficiently managing its electricity infrastructure it can earn additional revenue by offering auxiliary services to the Northern regional power grid such as (i) peak demand support, (ii) voltage/ MVAR support, (iii) spinning reserve.  In a growing and complicated power system, such as Northern Regional Power System, these services have huge significance, and can fetch a substantial increase in electricity revenue to the state.
c) Invest a part of such additional revenue to generate more electricity from renewable energy sources such as solar, wind and bio-mass, which in turn can earn additional revenue, and also reduce the risk of uncertainty for state’s own power sector associated with river flows in the future.

d) In view of the fact that Uttarakhand is experiencing power surplus during summer and deficit during winter months, it should consider the option to go for long-term Power Purchase Agreement (PPA) with coal fired stations located elsewhere than to build more hydel projects to meet its own demand, basically because of the increasing uncertainty of monsoons.

e) The rich biodiversity available in the state can be leveraged to get substantial level of economic credits both from the central government and from the international community to maintain the tropical forests, which are considered to be safe bets against Global Warming. Carbon Credits as envisaged by UNFCC can be a very good tool in this regard.  
f) Forestry based and agro based industries, if carefully planned and operated, can be sustainable sources of employment to a large number of technically un-skilled populations of the state and can bring substantial revenue on a perpetual basis. These two areas would also greatly assist in the empowerment of local population than many large industries would do.
g) Since the state is the source for a number of interstate rivers, voluntary self-denial of the opportunity to build additional hydro electric projects should be leveraged to get compensation from the lower riparian states and the centre.

h) Develop the state as an educational, tourist and medical care hub for both the national and international customers.  Because of its salubrious climate and scenic beauty, the state can be a very good tourist destination.

i) With service industries playing more and more important role both at the global level and the national level, IT and BT sectors can offer huge opportunities to the state.  Service sector can provide more revenue and employment opportunities than the capital intensive hydro power sector.  It is worth mentioning here that the contribution of services sector to Indian economy has been growing enormously over the years, and is also creating more employment opportunities. The situation of Karnataka can be a good example in this regard.
All these alternatives also can provide much more employment opportunities to the state’s people than hydro electric power projects, which are anyway becoming more and more automated to reduce the cost of manpower.  Additionally, these alternatives are sustainable; people & environmental friendly; and pose minimum risks.
5. Conclusions

Being a very young and fortunate state, with rich biodiversity and natural resources, Uttarakhand has the golden opportunity to adopt a sustainable development model for the comprehensive progress of all sections of the society, and to set an example to other states of the union in balancing the human needs with that of nature. “Precautionary Principle” should be applied objectively to identify and address all the credible risks satisfactorily in the development model it chooses for itself. 

Being the source of very many inter-state rivers in the country, and being one of very few states in the Union with more than 60% land covered with rich forests, the overall health of its sensitive ecosystems is crucial not only for its own people but for the entire country and probably for Bangladesh too.  Hence any developmental model it adopts for itself should take these issues into objective account.   

The true economic value of biodiversity in Uttarakhand deserves a special attention. It is huge and very critical for the state’s all-round development.  With as many as 150 large and small hydro-electric projects planned for the state, it will not be an exaggeration to project a substantial degradation of biodiversity in the state.  The state and the region cannot afford to allow degradation of such a rich biodiversity for meager financial benefits of electricity from these hydel projects. 
The economic, social and environmental impact of building dam based hydro-electric power projects are so huge in a modern society that all the direct and indirect costs should be compared with the true benefits through an objective costs V/s benefits analysis before arriving at a pragmatic decision in favor of the larger interest of the society. 

Though electricity is considered to be a basic infrastructural need, the issues such as how much electricity, at what cost, and to whom need to be considered carefully. The inefficiency of power sector in our country is so huge that unless we address it effectively, any number of hydel projects will be inadequate to meet the demand for electricity whereas the burden on the society will continue to mount dangerously. 

Uttarakhand, having been blessed with a rich biodiversity, has many alternatives to additional hydro-electric projects to provide its people with equitable opportunities for progress on a sustainable basis while favoring the rest of the country with fresh water resources and healthy environment.

The experience and knowledge of issues surrounding the dams from around the world should be carefully considered before deciding to build more dams in the state.

In order to protect the interest of the state and of the country as a whole, the rich natural resources available in Uttarakhand should not be compromised by the large number of additional hydel projects proposed.
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