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CHAPTER 1 

1.1INTRODUCTION 

Since time immemorial, individuals have been utilizing traditional wellsprings of Energy for 

different purposes which eventually coddle their Energy needs and prerequisites. Little do they 

understand that the utilization of such assets not just restricts the stock accessible for future eras 

additionally cause genuine natural dangers to the world all in all. The modest accessibility of 

these assets keeps their interest at an untouched high. In the event that this pattern proceeds in 

future, we may need to face genuine Energy deficiencies on the grounds that once gone, these 

assets can't be reestablished and overall would take a large number of years to shape once more. 

The Energy deficiency would winding up the fuel costs in future and the extremely normal for 

fossil energizes (Cheap, sensible) would be overlooked.
1
 

Energy is discriminating, straightforwardly or in a roundabout way, in the whole procedure of 

development, development and survival of every single living being and it assumes a basic part 

in the financial improvement and human welfare of a nation. Energy now be known as a 

`strategic thing' and any vulnerability about its supply can undermine the working of the 

economy, especially in creating economies. Accomplishing Energy security in this vital sense is 

of basic significance to India's financial development as well as for the human advancement 

goals that go for lightening of neediness, unemployment and meeting the Millennium 

Development Goals (MDGs). All encompassing anticipating accomplishing these goals obliges 

quality Energy insights that has the capacity deliver the issues identified with Energy request, 

Energy neediness and ecological impacts of Energy development. 
2
 

Energy is a key piece of our living. The way of life of individuals crosswise over nations is 

gaged by numerous variables, one of which is the Energy utilization. Access to different Energy 

assets is the reason behind the developing dissimilarity from nation to nation. The sources are not 

relatively appropriated among nations driving, subsequently, to a few countries being 

particularly rich in assets and a few countries inadequate in it. The asset rich country can make 

utilization of assets in the best productive route prompting better administrations to its kin and 

consequently enhances the way of life.  

                                                           
1
 http://www.renewableenergyworld.com/rea/tech, last accessed on 13

th
 March 2015 

2
 http://wwriter.hubpages.com/hub/Energy, last accessed on 13

th
 March 2015 
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India was the fourth-biggest Energy shopper on the planet after China, the United States, 

furthermore, Russia in 2011, and its requirement for Energy supply keeps on moving as an 

aftereffect of the nation's element monetary development and modernization in the course of 

recent years. India's economy has developed at a normal yearly rate of more or less 7% since 

2000, and it demonstrated moderately strong after the 2008 worldwide money related 

emergency. 

With the new wave of environmentalism running, the emphasis on fossil fuels as the source of 

energy has shifted to unconventional sources of energy which are clean and renewable. The need 

to look for alternate sources of energy was felt long back by nations when drastic climatic 

changes started to pose a potential threat to the existence of life in future on earth. The world 

population is expected to increase from 6 billion to 11 billion in this century and the life 

expectancy has increased 2 times in the last two centuries and the energy requirement has 

increased 35 times in the same period.5 Energy Security, sustainability and environmental 

concerns are the major factors behind shifting to renewable sources of 

energy. 

India‘s substantial and sustained economic growth over the years is placing enormous demand 

on its energy resources. In spite of the substantial increase in installed electricity capacity in 

India, demand has outstripped supply. Thus, there is an emerging energy supply demand 

imbalance. With constraints faced in resource availability and in delivery mechanisms, 

traditional means of energy supply are falling short. Renewable energy can make a substantial 

contribution in this regard. 
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1.2ENERGY AND ITS IMPORTANCE 

 

Energy is a standout amongst the most imperative way in worldwide financial exercises. Energy, 

the ability to do work, is the "life blood of current economy" as every individual uses it in one 

structure or the other every day and Energy uses lies at the center of the advanced society. 

Energy is the fundamental and crucial data for monetary improvement. The positive relationship 

between Energy use and monetary advancement has been all around noted by economists and 

arrangement producers in both created and creating nations.  

 

Interest for Energy in a developing economy comes from various areas, for example, horticulture 

industry business transport and private the development of world populace and financial standard 

is expanding the utilization of the Energy. Since the measure of accessible fossil powers assets 

get to be scarcer with time advancement of new and option renewable Energy advances and 

change of traditional innovations are expected to satisfy the Energy request.  

 

The financial improvement of a nation is regularly nearly connected to its utilization of Energy. 

Despite the fact that India positions 6th on the planet the extent that aggregate Energy utilization 

is concerned, regardless it needs significantly more Energy to keep pace with its improvement 

targets. India's anticipated financial development rate is slated at 7.4per penny amid the period 

1997-2012. This would require equivalent development in the necessity of business Energy, a 

large portion of which is required to be from fossil fills and power.  

 

India's Energy segment is progressively not able to convey a safe supply of Energy in the midst 

of developing request and fuel imports. In conjunction with a rising endowment level and 

systemic inability to guarantee legitimate income accumulation along the quality chain, the 

monetary limit of Energy area players is altogether undermined. Absence of sufficient ability to 

make convenient and satisfactory ventures offers motivation to apprehension that India is 

heading towards Energy emergencies.  

 

Expanding import reliance opens India to more prominent geopolitical dangers, fluctuating world 

business sector costs and strengthening global rivalry. Indian Energy arrangement can't be set in 
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segregation and needs to record for rising worldwide association, while at the same time 

imparted suitably to people in general and reflected in approach discusses.  

 

Energy is an essential element for monetary advancement. As both farming and modern 

exercises build, the interest for Energy also increments. In the creating scene procurement of a 

more prominent access to Energy has been proposed by some that will help develop their 

economies and enhance the lives of poor people. Therefore advance is being done to give Energy 

to however much rate of the populace as could reasonably be expected by people, firms and 

governments incentivized from inside and outside the nations and roused by money related or 

humanistic premiums, esteeming it as a human right or a mix of these and others. 

 

The expanding interest for force has prompted impressive fossil energizes smoldering which has 

thus had an unfavorable effect on environment. In this setting, effective utilization of Energy and 

its preservation is of central significance. It has been assessed that almost 25,000 MW can be 

spared by actualizing end-use Energy effectiveness and interest side administration measures all 

through India. Effective utilization of Energy and its protection expect considerably more 

prominent significance in perspective of the way that one unit of Energy spared at the utilization 

level decreases the requirement for new limit creation by 2 times to 2.5 times. Further, such 

sparing through productive utilization of Energy can be attained to at under one-fifth the expense 

of new limit creation. Energy effectiveness would, in this manner, fundamentally supplement our 

endeavors to meet force necessity, aside from decreasing fossil fuel utilization.  

  

India's Energy force every unit of GDP is higher when contrasted with Japan, U.S.A. also, Asia 

by 3.7 times, 1.55 times and 1.47 times individually. This shows wasteful utilization of Energy 

additionally considerable degree for Energy investment funds. The expanding worldwide 

exchange liberalization and developing worldwide rivalry have made gainfulness change, 

including Energy cost lessening, an essential benchmark for financial achievement. Thusly, a 

standard change in our way to deal with Energy arrangement issues is required – a movement 

from a supply ruled one to a coordinated methodology. This incorporated methodology would 

need to join a legal blend of interest in the supply side limit, operational effectiveness 
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enhancements of existing force producing stations, lessening of misfortunes in transmission and 

circulation, end-use productivity and renewable advance 
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1.3 INFRASTRUCTURE IN INDIA 
 

In India, power improvement started in 1897 when power supply was authorized in Darjeeling 

and later, in 1902, a hydropower station was dispatched at Sivasamudram in Karnataka. After 

freedom, the Ministry of Power is basically in charge of the improvement of electrical Energy in 

India. In specialized matters, the service is aided by the Central Electricity Authority.  

 

The development and operation of era and transmission extends in the Central division are 

depended to focal segment power partnerships, viz., the National Thermal Power Corporation 

(NTPC), the National Hydroelectric Power Corporation (NHPC), the North-Eastern Electric 

Power Corporation (NEEPCO), and the Power Grid Corporation of India Limited (PGCIL).  

 

Power Grid is in charge of all the current and future transmission extends in the Central area 

furthermore for the development of the National Power Grid. Two joint-endeavor power corpo-

apportions, specifically, Satluj Jal Vidyut Nigam (SJVN), once in the past known as NJPC, and 

Tehri Hydro Development Corporation (THDC) are respon¬sible for the execution of the 

Nathpajhakri Power Project in Himachal Pradesh and tasks of Tehri Hydro Power Complex in 

Uttaranchal individually.  

 

Three statutory bodies, i.e., the Damodar Valley Corporation (DVC), the Bhakra-Beas 

Management Board (BBMB) and Bureau of Energy Efficiency (BEE), are additionally under the 

authoritative control of the Ministry of Power. Projects of provincial jolt are given budgetary 

help by the Rural Electrification Corporation (REC).  

 

The Power Finance Corporation (PFC) gives term-money to tasks in the influence area. The 

independent bodies (social orders), specifically, Central Power Research Institute (CPRI) and the 

National Power Training Institute (NPTI) are likewise under the authoritative control of the 

Ministry of Power.  

 

The Central Power Research Institute (CPRI), a general public enlisted under the Societies 

Registration Act, under the Ministry of Power, serves as a national lab to do connected research 
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in electrical force building. It likewise works as a free national testing and certificate power for 

electrical hardware for guaranteeing their dependability.  

 

Throughout the years, CPRI has developed ability in the zones of transmission and dissemination 

frameworks, power quality, Energy metering, Energy reviewing, transmission line and tower 

outline, conductor vibration studies, power frameworks instrumentation, transformer oil recovery 

and testing, indicative studies, UHV testing, short out testing, HV testing, seismic capability of 

gear and other related fields. CPRI offers consultancy benefits in these regions.  

 

The Institute fills in as a nodal office for national level force framework research. Among the 

new pursuits of the CPRI, the Center for Collaborative and Advanced Research (CCAR) has 

been created for making base for the meeting researchers/ technologists to do research in the 

ranges of force part. The other critical office is for showcasing every accessible technologies for 

mechanical strong waste usage.  

 

Productive utilization of Energy and protection are critical considers attempting to take care of 

developing demand. The Energy Conservation Act 2001 was established for this reason. The Act 

accommodates regulating and fortifying the conveyance system for Energy proficiency benefits 

in the nation and gives the quite required coordination between the different elements.  

 

The Bureau of Energy Efficiency (BEE) was made in 2002 with the mission of creating 

arrangements and techniques to diminish the Energy force in the Indian economy 
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CHAPTER 2 

INDIA ENERGY SCENARIO 

 

The power area in India had an introduced limit of 261.006 GW as of end February 2015 and 

created around 961.777 BU for the period April 2014 - February 2015.[1] India turned into the 

world's third biggest maker of power in the year 2013 with 4.8% worldwide partake in power era 

surpassing Japan and Russia.[2] Renewable Power plants constituted 27.80% of aggregate 

introduced limit and Non-Renewable Power Plants constituted the staying 72.20%. India 

produced around 967 TWh (967,150.32 GWh) of electricity (barring power created from 

renewable and hostage force plants) amid the 2013–14 financial. The aggregate yearly era of 

power from a wide range of sources was 1102.9 TeraWatt-hours (TWh) in 2013.  

 

As of March 2013, the every capita complete power utilization in India was 917.2 kWh. The 

every capita normal yearly local power utilization in India in 2009 was 96 kWh in country 

territories and 288 kWh in urban zones for those with access to power rather than the overall 

every capita yearly normal of 2,600 kWh and 6,200 kWh in the European Union. Electric Energy 

utilization in farming was recorded highest(28.2%) in 1991-92.The every capita power 

utilization is lower contrasted with numerous nations in spite of less expensive power levy in 

India. 

 

 

The energy sector holds the key in accelerating the financial development of India. However the 

advancement of Indian Energy sector has been compelled by capital, technology, environment 

and security issues. Future financial development critically depends on the long haul 

accessibility of sources that are affordable, accessible and environment friendly. 
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Coal overwhelms the Energy blend in India, adding to 55% of the aggregate essential Energy 

creation. Throughout the years, there has been a checked increment in the offer of common gas 

in essential Energy generation from 10% in 1994 to 13% in 1999. There has been a decrease in 

the offer of oil in essential Energy creation from 20% to 17% amid the same period.   

 

Coal Supply  

 

India has colossal coal stores, no less than 84,396 million tons of demonstrated recoverable 

stores (at the end of 2003). This adds up to just about 8.6% of the world stores and it may keep 

going for about 230 years at the current Reserve to Production (R/P) degree. Conversely, the 

world's demonstrated coal stores are required to last just for a long time at the current R/P 

degree. Holds/Production (R/P) proportion if the stores staying toward the end of the year are 

isolated by the creation in that year, the outcome is the timeframe that the remaining stores 

would last if generation somehow managed to proceed at that level. India is the fourth biggest 

maker of coal and lignite on the planet. Coal creation is concentrated in these states (Andhra 

Pradesh, Uttar Pradesh, Bihar, Madhya Pradesh, Maharashtra, Orissa, Jharkhand, West Bengal). 

 

Oil Supply  

 

Oil represents around 36 % of India's complete Energy utilization. India today is one of the main 

ten oil-chugging countries on the planet and will soon overwhelm Korea as the third biggest 

customer of oil in Asia after China what's more, Japan. The nation's yearly unrefined oil 

generation is topped at around 32 million ton as against the current top interest of around 110 

million ton. In the current situation, India's oil utilization by end of 2007 is anticipated that 

would achieve 136 million tonne(MT), of which household creation will be just 34 MT. India 

will need to pay an oil bill of generally $50 billion, accepting a weighted normal cost of $50 

every barrel of rough. In 2003-04, against aggregate fare of $64 billion, oil imports represented 

$21 billion. India imports 70% of its unrefined needs for the most part from inlet countries. The 

lion's share of India's about 5.4 billion barrels in oil stores are situated in the Bombay High, 

upper Assam, Cambay, Krishna-Godavari. In terms of division savvy petroleum item utilization, 
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transport represents 42% took after by residential and industry with 24% and 24% individually. 

India spent more than Rs.1,10,000 crore on oil imports toward the end of 2004. 

 

Natural Gas Supply  

Natural gas represents around 8.9 every penny of Energy utilization in the nation. The current 

interest for common gas is around 96 million cubic meters every day (mcmd) as against 

accessibility of 67 mcmd. By 2007, the interest is relied upon to be around 200 mcmd. Regular 

gas saves are assessed at 660 billion cubic meters.  

 

Electrical Energy Supply  

The all India introduced limit of electric force producing stations under utilities was 1,12,581 

MW as on 31st May 2004, comprising of 28,860 MW- hydro, 77,931 MW - warm and 2,720 

MW- atomic and 1,869 MW- wind (Ministry of Power). The gross era of force in the year 2002-

2003 remained at 531 billion units (kWh).  

 

Atomic Power Supply  

Atomic Power adds to around 2.4 every penny of power created in India. India has ten atomic 

force reactors at five atomic force stations creating power. More atomic reactors have 

additionally been affirmed for development.  

 

Hydro Power Supply  

India is blessed with an inconceivable and feasible hydro potential for force era of which just 

15% has been bridled as such. The offer of hydropower in the nation's aggregate created units 

has consistently diminished and it quickly remains at 25% as on 31st May 2004. It is surveyed 

that exploitable potential at 60% heap element is 84,000 MW.  

 

Final Energy Consumption  

Final Energy utilization is the genuine Energy request at the client end. This is the distinction 

between essential Energy utilization and the misfortunes that happens in transport, transmission 

& circulation and refinement. 
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CHAPTER 3 

SOURCES OF ENERGY 

3.1 NON RENEWABLE SOURCES OF ENERGY 
 

Similar to the common asset which can't be recreated, reproduced, or reutilized on a scale which 

can manage its utilization rate, once drained there is no more accessible for future needs, 

likewise  we should consider non-renewable as they are assets that are devoured much quicker 

than nature can make them. Fossil energizes, (for example, coal, petroleum, and common gas), 

sorts of atomic force (uranium) and certain aquifers are illustrations. 

Non-renewable energy sources are those sources that drain fossil reserves deposited over 

centuries. This results in depletion of these energy reserves. There are many countries, which 

have recorded significant reduction of these sources and are currently suffering from the side 

effects of drilling these energy reserves from deep underground. Examples of these countries 

include China and India. The environmental impact is so great that just by travelling to these two 

countries, you can get a firsthand experience on the case studies that are there to be seen by the 

naked eyes.
3
 

Most non-renewable Energy sources are fossil energizes: coal, petroleum, and natural gas. 

Carbon is the fundamental component in fossil energizes. Thus, the time period that fossil 

energizes structured (around 360-300 million years back) is known as the Carboniferous Period. 

All fossil energizes structured in a comparative manner. Countless years back, even before the 

dinosaurs, Earth had an alternate scene. It was secured with wide, shallow oceans and swampy 

timberlands. Plants, green growth, and tiny fish developed in these old wetlands. They retained 

daylight and made Energy through photosynthesis. When they kicked the bucket, the living 

beings floated to the base of the ocean or lake. There was Energy put away in the plants and 

creatures when they passed on.  

After some time, the dead plants were pounded under the seabed. Rocks and other silt heaped on 

top of them, making high warmth and weight underground. In this environment, the plant and 

                                                           
3
 http://www.conserve-energy-future.com/NonRenewableEnergySources.php 
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creature remains in the long run transformed into fossil energizes (coal, common gas, and 

petroleum). Today, there are immense underground pockets (called stores) of these non-

renewable wellsprings of Energy everywhere throughout the world. 

India is blessed by the nature with both expendable and renewable Energy assets. Coal, oil, and 

common gas are the three essential business Energy sources. India's Energy approach, till the end 

of the 1980s, was basically in light of accessibility of indigenous assets. Coal was by a wide 

margin the biggest wellspring of Energy. India is, nonetheless, inadequately invested with oil 

resources and needs to rely on upon rough imports to address a significant offer of its issues 

(around 70 percent). India's essential Energy blend has been changing over a period of time.
4
 

In spite of expanding reliance on business energizes, a sizeable quantum of Energy necessities 

(40% of aggregate Energy prerequisites), particularly in the country family unit part, is met by 

non-business and conventional Energy sources, which incorporates fuel wood, crop buildup, 

biomass and creature waste, including human and draft creature power. The use of such 

wellsprings of Energy is assessed at around 155 mtoe every annum
5
. Notwithstanding, other 

manifestations of business Energy of a much higher quality and proficiency are consistently 

supplanting the customary Energy assets being expended in the provincial part. 

Coal is the most imperative & bottomless fossil fuel in India and records for 55% of India's 

Energy need. India's modern legacy was based upon indigenous coal, generally mined in the 

eastern and the focal locales of the nation. Thirty every penny of business Energy prerequisites 

are met by petroleum items, almost 7.5 every penny by common gas and 3.5 every penny by 

essential power. Asset enlargement and development in Energy supply has not kept pace with 

expanding request and, thusly, India keeps on confronting genuine Energy deficiencies. This has 

prompted expanded dependence on imports to take care of the Energy demand. 

 

 

 

                                                           
4
 http://energy.gov/sites/prod/files/2014/06/f16/acts_harrell_understandingfossilfuels_307_0.pdf 

5
 www.indiaenvironmentportal.org.in 
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3.1.1 COAL 

 

Coal is a black or brown sedimentary rock formed from the remains of fossilized plants. Most 

coal formed in bogs amid the Carboniferous period (360-290 Million Years Before Present 

(MYBP)). Since coal takes a huge number of years to structure, it is viewed as a non-renewable 

asset, implying that coal utilization is unsustainable. Accepting a consistent rate of utilization, 

current worldwide stores of coal would vanish in around 300 years. Be that as it may, coal 

utilization has been expanding at an exponential rate. In the nothing new situation, we will drain 

coal in 60-90 years. It's not the timing of complete consumption that matters; it is the timing of 

top generation, which will be much sooner. 

One issue connected with all types of coal mining is that coal typically contains sulfide minerals 

for example, pyrite FeS2 that break up in water when uncovered at the surface. This 

methodology makes the water acidic, bringing about Acid Mine Drainage (AMD). Acidic water 

is great at dissolving poisonous overwhelming metals, so AMD can prepare these metals and 

transport them to areas where individuals can be uncovered. Overwhelming metals are likewise 

more bio available in acidic water, significance plants all the more promptly take them up before 

creatures devour them. Bioaccumulation happens when contaminant info to a life form is 

speedier than yield so that the convergence of the contaminant in the organic entity increments. 

Biomagnifications causes the centralizations of contaminants, for example, substantial metals to 

increment as they climb the natural pecking order that species at the highest point of the natural 

pecking order (e.g., people) are presented to the most noteworthy focuses. Bioaccumulation and 

biomagnifications make the arrival of overwhelming metals to nature amid coal mining and 

blazing a genuine wellbeing danger. 
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Coal mining is done in a mixed bag of ways. Coal beds are sedimentary layers that are frequently 

level and level lying. On the off chance that the coal bed, or crease, is near to the surface, 

mineworkers can strip off the overburden (rock layers above it), a methodology called strip-

mining. This methodology is cheap; however in the event that nobody recovers the area in the 

wake of mining it can cause broad natural harm. Legitimate recovery obliges that diggers cover 

the coal tailings and uncovered bedrock with soil and shape it to rough the first land surface. 

Truly underground coal mining was the most well-known coal mining practice, yet strip mining 

and peak evacuation mining have superseded it on the grounds that underground coal mining is 

exceptionally dangerous and expensive. 

Coal won't be a safe, ecologically neighborly Energy source until the administration bans the 

utilization of MTM/VF and coal slurry lakes. Naturally cordial systems for mining and transfer 

exist, yet they cost more. Coal organizations have externalized the natural and social expenses of 

coal mining, which has kept coal as the least expensive wellspring of Energy in the world. Until 

countries begin to pay the genuine expense of coal, they will keep on destroying groups in coal 

mining areas, and the remaining groups will confront the danger of cataclysmic surges from 

disappointment of slurry lakes. 
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3.1.2 NATURAL GAS 

 

Natural gas comprises essentially of methane in addition to minor measures of other light 

hydrocarbons. It is connected with oil in light of the fact that it frames from comparable material 

through comparative courses of action. At the point when oil is covered more profound than the 

oil window, it changes at the higher temperatures to regular gas. The related oil and gas rise until 

they get to be caught by an impermeable layer. The less thick gas regularly transcends the oil, so 

when a drill enters the overlying impermeable layer the gas is discharged dangerously. This 

procedure created the Deepwater Skyline fiasco. Methane that escapes to the environment is 

viewed as a contamination and is an intense nursery gas. It has a half-existence of just seven 

years in the environment in light of the fact that it responds with barometrical oxygen to shape 

CO2 and water.
6
 

Natural gas is considered a ―clean‖ fossil fuel because burning it emits less CO2 and sulphur per 

unit energy than other fossil fuels, so it causes the least environmental damage than coal or oil. It 

is the fuel most commonly used for heating. Worldwide natural gas provides 21% of TPES and 

20% of greenhouse gas emissions (Table 7-2). It is an efficient and safe fuel for automobiles, 

with an octane rating of 135 (Deffeyes2001). Worldwide there are about 10 million autos fueled 

by natural gas. Natural gas can also be used to produce hydrogen for use in autos with hydrogen 

fuel cells. Natural gas is also used to synthesize ammonia for use in fertilizer production. For 

these reasons, energy experts expect natural gas to fill the gap during the transition from coal and 

oil to sustainable renewable energy sources. 
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7
 

Natural gas primarily serves as a substitute for coal for power era and as an elective for LPG and 

other petroleum items in the manure and different parts. The nation had adequate supply of 

Natural gas until 2004, when it started to import condensed characteristic gas (LNG) from Qatar. 

Since it has not possessed the capacity to make sufficient natural gas framework on a national 

level or produce sufficient local characteristic gas to meet household request, India progressively 

depends on imported LNG. India was the world's fourth largest LNG shipper in 2013, after 

Japan, South Korea, and China, and devoured very nearly 6% of the worldwide business, as 

indicated by information from IHS Energy. Indian organizations hold both long haul supply 

contracts and more lavish spot LNG contracts. 

At the point when geologists investigate for natural gas stores ashore, they may need to 

aggravate vegetation and soils with their vehicles. A gas well ashore may require a region to be 

cleared and leveled to host a cushion where a natural gas well can be bored. Well penetrating 

exercises produce air contamination and may bother individuals and natural life and water assets. 

Pipelines are expected to transport the gas from the wells, and this ordinarily obliges clearing 

area to cover the funnel. Natural gas generation can likewise bring about the creation of 

extensive volumes of tainted water. This water must be appropriately taken care of, put away, 

and treated with the goal that it doesn't dirty land and water.  
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While the natural gas that we use as a fuel is prepared so it is predominantly methane, natural gas 

from a well may contain numerous different mixes, including hydrogen sulfide, an exceptionally 

dangerous gas. Natural gas with high amassing of hydrogen sulfide is normally flared. 

Characteristic gas flaring produces CO2, carbon monoxide, sulfur dioxide, nitrogen oxides, and 

numerous different mixes relying upon the substance arrangement of the common gas and 

relying upon how well the gas smolders in the flare. Common gas wells and pipelines regularly 

have motors to run gear and compressors which create extra air poisons and clamor. 

Because a natural gas leak can cause an explosion, there should be strict government regulations 

and industry standards in place to ensure the safe transportation, storing, distribution, and use of 

natural gas. Because natural gas has no odor, natural gas companies add a strong-smelling 

substance called mercaptan to the natural gas so that people will know if there is a leak.  
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3.1.3 PETROLEUM AND CRUDE OIL 

 

Oil was shaped from the remaining parts of creatures and plants (diatoms) that lived a great 

many years prior in a marine (water) environment before the dinosaurs. Over a large number of 

years, the remaining parts of these creatures and plants were secured by layers of sand and 

residue. Warmth and weight from these layers helped the remaining parts transform into what we 

today call raw petroleum. The word petroleum means rock oil or oil from the earth. 

Petroleum, along with oil and coal, is classified as a fossil fuel. Fossil fuels are formed when sea 

plants and animals die, and the remains become buried under several thousand feet of silt, sand 

or mud. Fossil fuels take millions of years to form and therefore petroleum is also considered to 

be a non-renewable energy source. 

Petroleum is formed by hydrocarbons (a hydrocarbon is a compound made up of carbon and 

hydrogen) with the addition of certain other substances, primarily sulphur. Petroleum in its 

natural form when first collected is usually named crude oil, and can be clear, green or black and 

may be either thin like gasoline or thick like tar.
8
 

 

India was the fourth-leading customer of oil and petroleum items after the United States, China, 

and Japan in 2013, and it was additionally the fourth-biggest net shipper of raw petroleum and 

petroleum items. The hole between India's oil request and supply is broadening, as interest came 

to about 3.7 million barrels every day (bbl/d) in 2013 contrasted with under 1 million bbl/d of 

                                                           
8
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aggregate fluids generation. EIA tasks India's interest will dramatically multiply to 8.2 million 

bbl/d by 2040
9
, while household creation will remain generally level, floating around 1 million 

bbl/d. The high level of reliance on imported unrefined petroleum has driven Indian Energy 

organizations to enhance their supply sources. To this end, Indian national oil organizations 

(NOCs) have bought value stakes in abroad oil and gas fields in South America, Africa, 

Southeast Asia, and the Caspian Sea district to procure saves and generation capacity. Then 

again, the larger part of imports keeps on originating from the Middle East, where Indian 

organizations have minimal direct access to venture. 

The Ministry of Petroleum and Natural Gas (MOPNG) controls the whole esteem chain of the oil 

division, including investigation and creation (E&P), refining, supply, and showcasing. The 

service discharges five-year arranges that serve as unpleasant rules to the Energy division. Under 

the MOPNG, the Directorate General of Hydrocarbons directs the upstream side of the oil area, 

and coal bed methane (CBM) ventures. Another sub-service, the Petroleum what's more, Natural 

Gas Regulatory Board (PNGRB), goes about as a downstream controller, including petroleum 

item deals and circulation. 
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3.1.4 NUCLEAR ENERGY 

 

Atomic Energy begins from the part of uranium molecules in a methodology called parting. 

Parting discharges Energy that can be utilized to make steam, which is utilized as a part of a 

turbine to produce power. Atomic force represents pretty nearly 20 percent of the United States' 

power generation. More than 100 atomic creating units are right now in operation in the United 

States.1  

Uranium is a nonrenewable asset that can't be recharged on a human time scale. Uranium is 

separated from the earth through customary mining systems or compound draining. Once mined, 

the uranium metal is sent to a transforming plant to be packed into enhanced fuel (i.e., uranium 

oxide pellets). Enhanced fuel is then transported to the atomic force plant.  

In the plant's atomic reactor, neutrons from uranium atoms slam into one another, discharging 

warmth and neutrons in a chain response. This warmth is utilized to create steam, which controls 

a turbine to produce power. Atomic force produces various radioactive by-items, including 

tritium, cesium, krypton, neptunium and types of iodine. 

 

10
 

Environmental Impacts  

In spite of the fact that power plants are controlled by government and state laws to secure 

human wellbeing and nature, there is a wide variety of natural effects connected with force era 

advances.  
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The motivation behind the accompanying segment is to give buyers a superior thought of the 

particular air, water, area, and radioactive waste discharges connected with atomic force power 

era.  

Air Emissions  

Atomic force plants don't radiate carbon dioxide, sulfur dioxide, or nitrogen oxides as a major 

aspect of the force era process. Be that as it may, fossil fuel outflows are connected with the 

uranium mining and uranium enhancement prepare and in addition the vehicle of the uranium 

fuel to and from the atomic plant.  

Water Resource Use  

Atomic force plants utilize huge amounts of water for steam generation and for cooling. Some 

atomic force plants expel substantial amounts of water from a lake or stream, which could 

influence fish and other sea-going life.  

Water Discharges  

Substantial metals and salts develop in the water utilized as a part of all force plant frameworks, 

including atomic ones. These water toxins, and additionally the higher temperature of the water 

released from the force plant, can adversely influence water quality and oceanic life. Atomic 

force plants here and there release little measures of tritium and other radioactive components as 

permitted by their individual wastewater licenses.  

Waste produced from uranium mining operations and water overflow can pollute groundwater 

and surface water assets with overwhelming metals and hints of radioactive uranium.  

Spent Fuel  

Each 18 to 24 months, atomic force plants must close down to evacuate and supplant the "spent" 

uranium fuel.2 This spent fuel has discharged the vast majority of its Energy as an aftereffect of 

the parting process and has ended up radioactive waste.  

As of now, the spent fuel is put away at the atomic plants at which it is created, either in steel-

lined, solid vaults loaded with water or in over the ground steel or steel-fortified solid holders 
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with steel inward canisters. In 2012, the President's Blue Ribbon Commission on America's 

Nuclear Future issued a report (PDF) (180 pp., 4.3M, About PDF) prescribing the opportune 

advancement of one or more perpetual profound land offices for the safe transfer of spent fuel.  

Radioactive Waste Generation  

Advancement of uranium metal into fuel and the operation of atomic force plants produce 

squanders that contain low-levels of radioactivity. These squanders are transported to a couple 

uncommonly composed and authorized transfer destinations.  

At the point when an atomic force plant is shut, some hardware and auxiliary materials get to be 

radioactive squanders. This kind of radioactive waste is right now being put away at the shut 

plants until a fitting transfer site is opened.  
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3.2 RENEWABLE SOURCES OF ENERGY 
 

Renewable Energy is Energy that originates from assets which are regularly replicated, for 

example, daylight, wind, downpour, tides, waves and geothermal warmth. Renewable Energy is 

utilized to supplant routine energizes in four particular ranges: power era, high temp water/space 

warming, engine fills, and country (off-matrix) Energy administrations. In its different structures, 

it gets Energy specifically from the sun, or from warmth created profound inside the earth, and 

warmth produced from sun based, wind, sea, hydropower, biomass, geothermal assets, and 

biofuels and hydrogen got from renewable assets. 
11

 

Renewable Energy assets exist over wide topographical ranges, as opposed to other Energy 

sources, which are packed in a predetermined number of nations. Quick arrangement of 

renewable Energy and Energy productivity is bringing about huge Energy security, 

environmental change relief, and monetary advantages. At the national level, no less than 30 

countries around the globe as of now have renewable Energy contributing more than 20 percent 

of Energy supply.  

In light of Renewable Energy strategy organize 2014 report, renewables contributed 19 percent 

to world's Energy utilization and 22 percent to world's power era in 2012 and 2013, individually. 

Current renewables, for example, hydro, wind, sun powered and bio energizes, and additionally 

customary biomass, contributed in about equivalent amounts of to the worldwide Energy supply. 

National renewable Energy markets are anticipated to keep on growing firmly in the advancing 

decade and past. Overall interests in renewable advancements added up to more than US$214 

billion in 2013, with nations like China and the United States intensely putting resources into 

wind, hydro, sun powered and bio powers.  

While numerous renewable Energy ventures are huge scale, renewable advances are additionally 

suited to country and remote regions and creating nations, where Energy is regularly pivotal in 

human improvement. Renewable Energy can lift the poorest countries to new levels of thriving.  
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Wind force is developing at the rate of 30% every year, with an overall introduced limit of 

282,482 megawatts (MW) toward the end of 2012, and is broadly utilized as a part of Europe, 

Asia, and the United States.  

Toward the end of 2012 the photovoltaic (PV) limit worldwide was 100,000 MW, and PV force 

stations are famous in Germany and Italy. Sun based warm power stations work in the USA and 

Spain, and the biggest of these is the 354 MW SEGS force plant in the Mojave Desert. The 

world's biggest geothermal force establishment is The Geysers in California, with an appraised 

limit of 750 MW. Brazil has one of the biggest renewable Energy programs on the planet, 

including creation of ethanol fuel from sugar stick, and ethanol now gives 18% of the nation's 

auto fuel. Ethanol fuel is additionally generally accessible in the USA. 
12

 

 Renewable Energy replaces customary powers in four particular ranges: power era, high 

temp water/space warming, engine energizes, and provincial (off-network) Energy 

administrations: Power era. Renewable Energy gives 21.7% of power era worldwide 

starting 2013.Renewable force generators are spread crosswise over numerous nations, 

and wind control alone as of now gives a noteworthy offer of power in a few regions: for 

instance, 14% in the U.S. condition of Iowa, 40% in the northern German condition of 

Schleswig-Holstein, and 49% in Denmark. A few nations get the majority of their energy 

from renewables, including Iceland (100%), Norway (98%), Brazil (86%), Austria 

(62%), New Zealand (65%), and Sweden (54%).  

 

 Heating. Sun based boiling point water makes an imperative commitment to renewable 

warmth in numerous nations, most outstandingly in China, which now has 70% of the 

worldwide aggregate (180 GWth). The vast majority of these frameworks are introduced 

on multi-family flat structures and meet a part of the boiling point water needs of an 

expected 50–60 million families in China. Around the world, aggregate introduced sun 

oriented water warming frameworks meet a segment of the water warming needs of more 

than 70 million families. The utilization of biomass for warming keeps on growing too. In 
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 http://www.ucsusa.org/our-work/energy/our-energy-choices/our-energy-choices-renewable-
energy#.VTCV7PmUfOE, last accessed on 17

th
 April 2015 



32 
 

Sweden, national utilization of biomass Energy has surpassed that of oil. Direct 

geothermal for warming is likewise becoming quickly.  

 

 Transport powers. Renewable biofuels have added to critical decrease in oil utilization in 

the United States subsequent to 2006. The 93 billion liters of biofuels created worldwide 

in 2009 dislodged what might as well be called an expected 68 billion liters of fuel, 

equivalent to around 5% of world gas generation.  

Starting 2011, little sun oriented PV frameworks give power to a couple of million family units, 

and micro-hydro designed into smaller than usual networks serve numerous more. More than 44 

million family units use biogas made in family unit scale digesters for lighting and/or cooking, 

and more than 166 million families depend on another era of more-effective biomass cook 

stoves. 
13

 

National renewable Energy markets are anticipated to keep on growing emphatically in the 

impending decade and past, and practically 120 nations have different approach focuses for more 

term shares of renewable Energy, including a 20% focus of all power created for the European 

Union by 2020. A few nations have much higher long haul approach focuses of up to 100% 

renewables. Outside Europe, a various gathering of 20 or more different nations target renewable 

Energy partakes in the 2020–2030 time span that range from 10% to 50%.  

Environmental change and a dangerous atmospheric devation concerns, coupled with high oil 

costs, crest oil, and expanding government backing, are driving expanding renewable Energy 

enactment, impetuses and commercialization. New government spending, regulation and 

strategies helped the business climate the worldwide budgetary emergency better than numerous 

different segments. As indicated by a 2011 projection by the International Energy Agency, 

sunlight based force generators may create the greater part of the world's power inside 50 years, 

decreasing the discharges of nursery gasses that damage nature.  

Renewable Energy sources, that get their Energy from the sun, either straightforwardly or in a 

roundabout way, for example, hydro and wind, are relied upon to be fit for supplying humankind 

Energy for practically another 1 billion years, and soon thereafter the anticipated increment in 
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warmth from the sun is required to make the surface of the earth excessively hot for fluid water, 

making it impossible. 

 

3.3 RENEWABLE TECHNOLOGIES 

3.3.1 WIND ENERGY 

 

 

Wind currents can be utilized to run wind turbines. Present day utility-scale wind turbines range 

from around 600 kW to 5 MW of appraised force, despite the fact that turbines with evaluated 

yield of 1.5–3 MW have turned into the most well-known for business utilize; the force 

accessible from the wind is an element of the solid shape of the wind speed, so as wind pace 

expands, force yield increments up to the greatest yield for the specific turbine. Territories where 

winds are stronger and more consistent, for example, seaward and high elevation locales, are 

favored areas for wind ranches. Commonplace limit components are 20-40%, with qualities at 

the upper end of the reach in especially ideal locales.
14

  

All inclusive, the long haul specialized capability of wind Energy is accepted to be five times 

aggregate current worldwide Energy creation, or 40 times current power interest, accepting every 
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single viable hindrance required were succeed. This would oblige wind turbines to be introduced 

over expansive regions, especially in zones of higher wind assets, for example, seaward. As 

seaward wind velocities normal ~90% more noteworthy than that of area, so seaward assets can 

contribute generously more Energy than area positioned turbines. Starting 31 March 2015 the 

introduced limit of wind power in India was 22644.63 M.
15

 

3.3.2 HYDRO POWER 

 

 

 

Potential Energy in water can be bridled and used to deliver power on extensive scales. Since 

water is around 800 times denser than air, even a moderate streaming stream of water, or 

moderate ocean swell, can yield significant measures of Energy. There are numerous types of 

water Energy. 

Most hydroelectric force originates from the potential Energy of dammed water driving a water 

turbine and generator. The force extricated from the water relies on upon the volume and on the 

distinction in stature between the source and the water's surge. This stature distinction is known 

as the head. The measure of potential Energy in water is relative to the head. An extensive funnel 

(the "penstock") conveys water to the turbine, which creates power.
16
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Hydropower is created in 150 nations, with the Asia-Pacific locale creating 32 percent of 

worldwide hydropower in 2010. China is the biggest hydroelectricity maker, with 721 terawatt-

hours of generation in 2010, speaking to around 17 percent of household power utilization. There 

are presently three hydroelectricity stations bigger than 10 GW: the Three Gorges Dam in China, 

Itaipu Dam over the Brazil/Paraguay fringe, and Guri Dam in Venezuela. For INDIA the present 

introduced limit as on September 30, 2013 is roughly 39,788.40 MW which is 17.39% of 

aggregate power era in India.
17
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3.3.3 SOLAR ENERGY 

 

 

Sun powered Energy, brilliant light and warmth from the sun, is saddled utilizing a scope of 

continually advancing innovations, for example, sun oriented warming, photovoltaic, Solar 

boards transform Energy from the sun's beams straightforwardly into helpful Energy that can be 

utilized as a part of homes and organizations. There are two primary sorts: sun oriented warm 

and photovoltaic, or PV. Sun based warm boards utilize the sun's Energy to warmth water that 

can be utilized as a part of washing and warming. PV boards utilize the photovoltaic impact to 

transform the sun's Energy specifically into power, which can supplement or supplant a 

building's standard supply.
18

  

A PV board is comprised of a semiconducting material, typically silicon-based, sandwiched 

between two electrical contacts. To create however much power as could be expected, PV boards 

need to invest however much energy as could be expected in direct daylight .A sheet of glass 

shields the semiconductor sandwich from hail, coarseness passed up the wind, and untamed life. 

The semiconductor is additionally covered in an antireflective substance, which verifies that it 

retains the daylight it needs as opposed to dispersing it pointlessly away. At the point when 

daylight strikes the board and is consumed, it thumps free electrons from a percentage of the 

particles that make up the semiconductor. The semiconductor is emphatically charged on one 

side and adversely charged on the other side, which empowers all these free electrons to go in the 
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same heading, making an electric current. The contacts catch this current in an electrical circuit. 

The power PV boards create is direct present (DC). Before it can be utilized as a part of homes 

and organizations, it must be changed into substituting current (AC) power utilizing an inverter. 

The modified current then goes from the inverter to the building's wire box, and from that point 

to the apparatuses that need it.
19

  

With around 37,007 megawatts (MW) of sunlight based PV force introduced in 2013, world sun 

powered PV power limit expanded around 35% to 136,697 MW.Whereas Europe had ruled 

yearly development for a considerable length of time up until 2013 sun oriented  PV 

development was considerably more equally part a year ago, china has topped the tables. China 

and Japan have driven the dynamism of the Asian PV market (with individually around 11.3 GW 

and 6.9 GW). A few Asian markets kept on growwing at a moderate pace: India (1.1 GW), 

Korea (442 MW), Thailand (317 MW).
20
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3.3.4 BIOMASS 

 

 

Biomass is organic material got from living, or as of late living life forms. It regularly alludes to 

plants or plant-determined materials, which are particularly called lingo cellulosic biomass. As a 

Energy source, biomass can either be utilized specifically through ignition to deliver warmth, or 

in a roundabout way in the wake of changing over it to different manifestations of biofuel. 

Transformation of biomass to biofuel can be attained to by diverse strategies, which are 

extensively grouped into: warm, compound, and biochemical routines.  

 

Wood remains the biggest biomass Energy source today; illustrations incorporate woodland 

buildups, (for example, dead trees, branches and tree stumps), yard clippings, wood chips and 

even metropolitan strong waste. In the second sense, biomass incorporates plant or creature 

matter that can be changed over into strands or other mechanical chemicals, including biofuels. 

Modern biomass can be developed from various sorts of plants, including miscanthus, switch 

grass, hemp, corn, poplar, willow, sorghum, sugarcane, bamboo and a mixed bag of tree species, 

running from eucalyptus to oil (palm oil)
21

.  

Plant Energy is delivered by products particularly developed for utilization as fuel that offer high 

biomass yield every hectare with low enter Energy. A few illustrations of these plants are wheat, 
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which commonly yield 7.5–8 tons of grain every hectare, and straw, which ordinarily yield 3.5–5 

tons every hectare in the UK. The grain can be utilized for fluid transportation powers while the 

straw can be smoldered to deliver warmth or power. Plant biomass can likewise be corrupted 

from cellulose to glucose through a progression of substance medications, and the subsequent 

sugar can then be utilized as an original biofuel.
22

  

Biomass can be changed over to other usable types of Energy like methane gas or transportation 

fills like ethanol and biodiesel. Decaying waste, and farming and human waste, all discharge 

methane gas – likewise called "landfill gas" or "biogas". Harvests, for example, corn and sugar 

stick, can be matured to create the transportation fuel, ethanol. Biodiesel, another transportation 

fuel, can be created from left-over sustenance items like vegetable oils and creature fats. 

Additionally, biomass to fluids (BTLs) and cellulosic ethanol are still under examination.  

There is a lot of examination including algal, or green growth inferred, biomass because of the 

way that its a non-sustenance asset and can be delivered at rates 5 to 10 times those of different 

sorts of area based farming, for example, corn and soy. Once reaped, it can be matured to create 

biofuels, for example, ethanol, butanol, and methane, and in addition biodiesel and hydrogen. 
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3.3.5 BIOFUEL 

 

 

 

Biofuels incorporate an extensive variety of energizes which are gotten from biomass. The term 

covers strong biofuels, fluid biofuels, and vaporous biofuels.Liquid biofuels incorporate 

bioalcohols, for example, bioethanol, and oils, for example, biodiesel. Vaporous biofuels 

incorporate biogas, landfill gas and engineered gas.  

Bioethanol is a liquor made by aging the sugar segments of plant materials and it is made 

basically from sugar and starch crops. These incorporate maize, sugar stick and, all the more as 

of late, sweet sorghum. The last product is especially suitable for developing in dryland 

conditions, and is being researched by ICRISAT for its capability to give fuel, alongside 

nourishment and creature sustain, in dry parts of Asia and Africa.
23

  

With cutting edge innovation being created, cellulosic biomass, for example, trees and grasses, 

are likewise utilized as feedstock‘s for ethanol generation. Ethanol can be utilized as a fuel for 

vehicles in its immaculate structure, however it is generally utilized as a gas added substance to 
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build octane and enhance vehicle discharges. Bioethanol is generally utilized as a part of the 

USA and in Brazil. The Energy costs for creating bio-ethanol are just about equivalent to, the 

Energy yields from bio-ethanol. Nonetheless, as indicated by the European Environment 

Agency, biofuels don't address a worldwide temperature alteration concerns.
24

  

Biodiesel is produced using vegetable oils, creature fats or reused oils. Biodiesel can be utilized 

as a fuel for vehicles in its unadulterated structure, yet it is normally utilized as a diesel added 

substance to decrease levels of particulates, carbon monoxide, and hydrocarbons from diesel-

controlled vehicles. Biodiesel is created from oils or fats utilizing trans esterification and is the 

most well-known biofuel in Europe. Biofuels gave 2.7% of the world's vehicle fuel in 2010.
25
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3.3.6 GEOTHERMAL ENERGY 

 

 

Geothermal Energy is from warm Energy produced and put away in the Earth. Warm Energy is 

the Energy that decides the temperature of matter. Earth's geothermal Energy starts from the first 

development of the planet (20%) and from radioactive rot of minerals (80%). The geothermal 

slope, which is the distinction in temperature between the center of the planet and its surface, 

drives a constant conduction of warm Energy as warmth from the center to the surface
26

.  

The warmth that is utilized for geothermal Energy can be from profound inside the Earth, the 

distance rational center – 4,000 miles (6,400 km) down. At the center, temperatures may reach 

more than 9,000 °F (5,000 °C). Warmth conducts from the center to encompassing rock. 

Amazingly high temperature and weight cause some stone to liquefy, which is regularly known 

as magma. Magma convects upward since it is lighter than the strong rock. This magma then 

warms shake and water in the hull, at times up to 700 °F (371 °C).
27

 

From hot springs, geothermal Energy has been utilized for washing subsequent to Paleolithic 

times and for space warming since old Roman times, yet it is presently better known for power 
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3.3.7 TIDAL POWER 

 

 

Tidal force, likewise called tidal Energy, is a type of hydropower that changes over the Energy of 

tides into helpful manifestations of force, predominantly power.  

Albeit not yet generally utilized, tidal force has potential for future power era. Tides are more 

unsurprising than wind Energy and sun powered force. Among wellsprings of renewable Energy, 

tidal force has customarily experienced moderately high cost and constrained accessibility of 

destinations with sufficiently high tidal ranges or stream speeds, along these lines tightening its 

aggregate accessibility. Notwithstanding, numerous late innovative improvements and changes, 

both in configuration (e.g. dynamic tidal force, tidal ponds) and turbine innovation (e.g. new 

pivotal turbines, cross stream turbines), show that the aggregate accessibility of tidal force may 

be much higher than beforehand expected, and that financial and ecological expenses may be cut 

down to aggressive levels.
28

  

Verifiably, tide plants have been utilized both as a part of Europe and on the Atlantic bank of 

North America. The approaching water was contained in expansive stockpiling lakes, and as the 

tide went out, it turned waterwheels that utilized the mechanical force it created to factory grain.  
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The world's first expansive scale tidal force plant is the Rance Tidal Power Station in France, 

which got to be operational in 1966.  

Era of tidal Energy  

Tidal force is taken from the Earth's maritime tides; tidal strengths are intermittent varieties in 

gravitational fascination applied by divine bodies. These powers make comparing movements or 

streams on the planet's seas. Because of the solid appreciation for the seas, a lump in the water 

level is made, bringing on an interim increment in ocean level. At the point when the ocean level 

is raised, water from the center of the sea is compelled to move toward the shorelines, making a 

tide. This event happens in an unfailing way, because of the steady example of the moon's circle 

around the earth. The size and character of this movement mirrors the changing positions of the 

Moon and Sun with respect to the Earth, the impacts of Earth's revolution, and nearby 

topography of the ocean bottom and coastlines.  

A tidal generator changes over the Energy of tidal streams into power. More prominent tidal 

variety and higher tidal current speeds can drastically expand the capability of a site for tidal 

power era.  

Since the Earth's tides are eventually because of gravitational communication with the Moon and 

Sun and the Earth's turn, tidal force is essentially endless and delegated a renewable Energy 

asset. Development of tides causes a loss of mechanical Energy in the Earth–Moon framework: 

this is an aftereffect of pumping of water through regular limitations around coastlines and 

subsequent gooey dispersal at the seabed and in turbulence. This loss of Energy has brought 

about the pivot of the Earth to moderate in the 4.5 billion years since its arrangement. Amid the 

last 620 million years the time of revolution of the earth (length of a day) has expanded from 

21.9 hours to 24 hours; in this period the Earth has lost 17% of its rotational Energy. While tidal 

force will take extra Energy from the framework, the impact is irrelevant and would just be 

recognized over a large number of years.
29
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3.4 RENEWABLE ENERGY IN INDIA 
 

Renewable Energy in India goes under the domain of the Ministry of New and Renewable Energy. India 

was the first nation on the planet to set up a service of non-customary Energy assets, in mid 1980s. India's 

aggregate network intelligent or lattice tied renewable Energy limit (barring expansive hydro) has come to 

29.9 GW, of which 68.9% originates from wind, while sunlight based PV contributed about 4.59% of the 

renewable Energy introduced limit in India. 

3.4.1 WIND POWER IN INDIA 

 

 

The biggest wind homestead of India is in Muppandal, Tamil Nadu. The improvement of wind 

power in India started in the 1990s, and has fundamentally expanded in the most recent couple of 

years. Despite the fact that a relative newcomer to the wind business contrasted and Denmark or 

the US, residential approach support for wind force has driven India to turn into the nation with 

the fifth biggest introduced wind power limit on the planet. 

As of December 2013 the introduced limit of wind power in India was 20149.50 MW, mostly 

spread crosswise over Tamil Nadu (7162.18 MW), Maharashtra (3021.85 MW), Gujarat 

(3174.58 MW), Karnataka (2135.50 MW), Rajasthan (2684.65 MW), Madhya Pradesh (386.00 

MW), Andhra Pradesh (447.65 MW), Kerala (35.10 MW), West Bengal (1.10 MW), different 

states (3.20 MW).It is evaluated that 6,000 MW of extra wind power limit will be introduced in 

India by 2012. Wind force represents 6% of India's aggregate introduced force limit, and it 

produces 1.6% of the nation's energy.
30

 In its 12th Five Year Plan (2012-2017), the Indian 

Government has set a focus of including 18.5 GW of renewable Energy sources to the era blend 

out of which 11 GW is Wind Energy. 
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3.4.2 SOLAR POWER N INDIA 

 

 

India is thickly populated and has high sun powered insolation, a perfect mix for utilizing 

sunlight based power as a part of India. A great part of the nation does not have an electrical 

network, so one of the first utilizations of sun oriented force has been for water pumping, to start 

supplanting India's four to five million diesel fueled water pumps, every devouring around 3.5 

kilowatts, and off-lattice lighting. Some vast undertakings have been proposed, and a 35,000 km² 

region of the Thar Desert has been put aside for sunlight based force ventures, sufficient to create 

700 to 2,100 gigawatts.
31

  

The Indian Solar Loan Program, upheld by the United Nations Environment Program has won 

the prestigious Energy Globe World honor for Sustainability for serving to make a customer 

financing system for sun powered home power frameworks. Over the compass of three years 

more than 16,000 sun powered home frameworks have been financed through 2,000 bank 

offices, especially in provincial regions of South India where the power network does not yet 

develop.  

Propelled in 2003, the Indian Solar Loan Program was a four-year association between UNEP, 

the UNEP Risoe Center, and two of India's biggest banks, the Canara Bank and Syndicate Bank. 

Announced in November 2009, the Government of India proposed to dispatch its Jawaharlal 

Nehru National Solar Mission under the National Action Plan on Climate Change with 
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arrangements to create 1,000 MW of force by 2013 and up to 20,000 MW lattice based sun 

oriented force, 2,000 MW of off-matrix sun powered power and spread 20 million sq meters with 

authorities before the end of the last period of the mission in 2020. The Mission intends to attain 

to framework equality (power conveyed at the same cost and quality as that conveyed on the 

network) by 2020. Attaining to this target would create India as a worldwide pioneer in sun 

powered force era.
32

  

Potential of sunlight based power in India  

The National Institute of Solar Energy in India has decided the nation's sun based force potential 

at around 750 GW, an as of late discharged report by the Ministry of New & Renewable Energy 

(MNRE) shows. The sun powered force potential has been assessed utilizing the no man's land 

accessibility information as a part of each state and locale of India. The evaluation is in light of 

the presumption that just 3% of the aggregate no man's land accessible in a state is utilized for 

improvement of sunlight based force ventures.  

As per the assessments, Rajasthan and Jammu & Kashmir have the most elevated sun oriented 

force potential. Rajasthan, with its solid asset of sun powered radiation and accessibility of 

boundless tracts of no man's land as the Thar Desert, has a capability of around 142 GW. Jammu 

& Kashmir gets the most astounding measure of sun based radiation in India, and has a 

fundamentally huge territory of no man's land in Ladakh. The state has an expected capability of 

111 GW. Notwithstanding, this assessment might likewise incorporate the area presently under 

Pakistan's control.  

Madhya Pradesh and Maharashtra both have more than 60 GW of sunlight based force potential. 

These are among the biggest of the Indian states and subsequently have expansive no man's land 

assets. Both these states have goal-oriented sunlight based force approaches and arrangements to 

actualize expansive scale sun powered force ventures.  

Gujarat, the main Indian state regarding introduced sun powered force limit, has an expected 

capability of 36 GW. The state has extensive tracts of area secured with bogs yet these terrains 
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additionally bolster a wide mixture of untamed life. Gujarat as of now has an introduced limit of 

near to 900 MW of sun oriented power and has effectively begun creating utility-scale sunlight 

based force extends over water trenches.  

Rural states like Punjab and Haryana expectedly rank low regarding assessed sun based force 

potential. Punjab would think that it hard to make accessible area for extensive sun oriented force 

extends and has along these lines chosen to focus endeavors to set up sun powered force extends 

over roofs and trenches.  

India's current sunlight based force introduced limit is around 3 GW, or under 0.5% of the 

assessed potential. Regularly there exists a huge chance to tap this potential. Accordingly, the 

Indian government has expanded its sun oriented force limit expansion focus on five-fold. Rather 

than the beginning focus to introduced 22 GW sunlight based force limit by 2022, the 

administration now plans to include 100 GW limit. This incorporates 20 GW of ultra mega sun 

powered force ventures, with introduced limit of 500 MW or all the more, over 12 states
33

.  
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3.4.3 BIOFUEL IN INDIA 

 

Biofuel improvement in India revolves essentially around the development and preparing of 

Jatropha plant seeds which are exceptionally rich in oil (40%). The drivers for this are 

noteworthy, practical, monetary, natural, moral and political. Jatropha oil has been utilized as a 

part of India for quite a few years as biodiesel for the diesel fuel prerequisites of remote country 

and backwoods groups; jatropha oil can be utilized straightforwardly after extraction (i.e. without 

refining) in diesel generators and motors. Jatropha can possibly give financial advantages at the 

neighborhood level subsequent to under suitable administration it can possibly develop in dry 

peripheral non-horticultural grounds, along these lines permitting villagers and ranchers to 

influence non-ranch land for money era. Also, expanded Jatropha oil creation conveys financial 

advantages to India on the macroeconomic or national level as it decreases the country's fossil 

fuel import bill for diesel generation (the primary transportation fuel utilized as a part of the 

nation); minimizing the consumption of India's outside cash holds for fuel permitting India to 

expand its developing remote money saves (which can be better spent on capital uses for modern 

inputs and creation).
34

 What's more, since Jatropha oil is carbon-impartial, substantial scale 

generation will enhance the nation's carbon emanations profile. At last, since no nourishment 

delivering farmland is needed for creating this biofuel (not at all like corn or sugar stick ethanol, 

or palm oil diesel), it is viewed as the most politically and ethically satisfactory decision among 

India's current biofuel choices; it has no known contrary effect on the generation of the huge 

sums grains and other indispensable agribusiness merchandise India produces to meet the 

sustenance necessities of its enormous populace (around 1.1 Billion individuals starting 2008). 

Different biofuels which uproot nourishment crops from practical agrarian land, for example, 

corn ethanol or palm biodiesel have brought on genuine cost increments for essential sustenance 

grains and eatable oils in different nations.
35

  

Biofuel Potential in India  

India's aggregate biodiesel necessity is anticipated to develop to 3.6 million tons in 2011–12, 

with the positive execution of the residential auto industry. Investigation from Frost & Sullivan, 
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Strategic Analysis of the Indian Biofuels Industry, uncovers that the business is a developing one 

and has far to go before it gets up to speed with worldwide competitors. 

The Government is at present actualizing an ethanol-mixing program and considering activities 

as orders for biodiesel. Because of these techniques, the rising populace, and the developing 

Energy request from the vehicle segment, biofuels can be guaranteed of a huge market in India. 

On 12 September 2008, the Indian Government declared its 'National Biofuel Policy'. It expects 

to meet 20% of India's diesel request with fuel got from plants. That will mean putting aside 

140,000 square kilometers of area. Instantly fuel yielding plants cover under 5,000 square 

kilometres.
36
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3.4.4 BIOMASS POWER IN INDIA  

 

Biomass has dependably been a vital Energy hotspot for the nation considering the advantages it 

offers. It is renewable, generally accessible, carbon-impartial and can possibly give huge 

occupation in the country zones. Biomass is likewise equipped for giving firm Energy. Around 

32% of the aggregate essential Energy use in the nation is still gotten from biomass and more 

than 70% of the nation's populace relies on it for its Energy needs. Service of New and 

Renewable Energy has understood the potential and part of biomass Energy in the Indian setting 

and henceforth has launched various projects for advancement of productive innovations for its 

utilization in different divisions of the economy to guarantee deduction of most extreme 

advantages  Biomass power era in India is an industry that draws in speculations of over Rs.600 

crores consistently, producing more than 5000 million units of power and yearly job of more 

than 10 million man-days in the provincial territories. For productive usage of biomass, bagasse 

based cogeneration in sugar plants and biomass power era have been taken up under biomass 

force and cogeneration program
37

.  

Biomass power & cogeneration system is actualized with the principle goal of advancing 

advances for ideal utilization of nation's biomass assets for framework power era. Biomass 

materials  utilized for force era incorporate bagasse, rice husk, straw, cotton stalk, coconut shells, 

soya husk, de-oiled cakes, espresso waste, jute squanders, groundnut shells, saw dust and so on.  

Potential of biomass in India.  

The current accessibility of biomass in India is evaluated at around 500 millions metric tones 

every year. Studies supported by the Ministry has evaluated surplus biomass accessibility at 

around 120 – 150 million metric tones every annum covering farming and ranger service 

deposits relating to a capability of around 18,000 MW. This separated, about 5000 MW extra 

power could be produced through bagasse based cogeneration in the nation's 550 Sugar factories, 

if these sugar plants were to embrace actually and monetarily ideal levels of cogeneration for 

extricating force from the baggasse.
38
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3.4.5 GEOTHERMAL ENERGY IN INDIA 

 

India has sensibly great potential for geothermal; the potential geothermal regions can deliver 

10,600 MW of force (yet specialists are certain just to the degree of 100 MW). In any case yet 

geothermal force tasks has not been misused by any means, owing to a mixed bag of reasons, the 

boss being the accessibility of ample coal at shoddy expenses. On the other hand, with expanding 

ecological issues with coal based activities, India will need to begin relying upon clean and eco-

accommodating Energy sources in future; one of which could be geothermal. 
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Potential of geothermal in India  

It has been evaluated from land, geochemical, shallow geophysical and shallow boring 

information it is assessed that India has around 10,000 MWe of geothermal force potential that 

can be outfit for different purposes. Rocks secured on the surface of India going in age from 

more than 4500 million years to the present day and circulated in diverse land units. The stones 

involve Archean, Proterozoic, the marine and mainland Palaeozoic, Mesozoic, Teritary, 

Quaternary and so on., More than 300 hot spring areas have been distinguished by Geological 

overview of India (Thussu, 2000). The surface temperature of the hot springs ranges from 35 C 

to as much as 98 C. These hot springs have been gathered together and termed as diverse 

geothermal regions in view of their event in particular geotectonic areas, geographical and 

strutural districts, for example, event in orogenic belt locales, auxiliary grabens, profound 

deficiency zones, dynamic volcanic locales and so on., Different orogenic locales are – 

Himalayan geothermal region, Naga-Lushai geothermal territory, Andaman-Nicobar Islands 

geothermal area and non-orogenic districts are – Cambay graben, Son-Narmada-Tapi graben, 

west drift, Damodar valley, Mahanadi valley, Godavari valley and so forth.
39

  

 Puga Valley (J&K)  

 Tatapani (Chhattisgarh)  

 Godavari Basin Manikaran (Himachal Pradesh)  

 Bakreshwar (West Bengal)  

 Tuwa (Gujarat)  

 Unai (Maharashtra)  
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3.4.6 HYDROELECTRIC POWER IN INDIA 

 

India was the 6th biggest maker of hydroelectric power in 2008 after Norway: 114 TWh and 

3.5% the world aggregate in 2008. The potential for hydroelectric power in India is one of the 

best on the planet. The main hydro-electric force station in India was secured in Karnataka at 

"shivana samudra".  

Potential of hydropower in India  

India is invested with financially exploitable and feasible hydro potential evaluated to be around 

84,000 MW at 60% heap element. Also, 6,780 MW regarding introduced limit from Small, Mini, 

and Micro Hydel plans have been surveyed. Additionally, 56 locales for pumped stockpiling 

plans with a total introduced limit of 94,000 MW have been distinguished. It is the most broadly 

utilized manifestation of renewable Energy. India is honored with massive measure of hydro-

electric potential and positions 5th as far as exploitable hydro-potential on worldwide situation.  

The present introduced limit as on September 30, 2013 is roughly 39,788.40 MW which is 

17.39% of aggregate power era in India.[2] general society part has a dominating offer of 97% in 

this sector.[3] National Hydroelectric Power Corporation (NHPC), Northeast Electric Power 

Company (NEEPCO), Satluj Jal Vidyut Nigam (SJVNL), THDC, NTPC-Hydro are a couple of 

open segment organizations occupied with improvement of Hydroelectric Power in India.
40

  

Bhakra Beas Management Board (BBMB), an illustrative state possessed endeavor in north 

India, has an introduced limit of 2.9 GW and creates 12,000-14,000 million units every year. The 

expense of era of Energy following four many years of operation is around 20 

paise/kWh.[citation needed] BBMB is a significant wellspring of topping power and dark begin 

toward the northern matrix in India. Vast stores give operational adaptability. BBMB supplies 

every year supply water for watering system to 12.5 million sections of land (51,000 km2; 

19,500 sq mi) of agrarian place that is known for accomplice states, empowering northern India 

in its green transformation.
41
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3.4.7 TIDAL ENERGY  

 

Seas cover 70 percent of the world's surface and speak to a huge measure of Energy as wave, 

tidal, marine ebb and flow and warm angle. The Energy capability of our oceans and seas well 

surpasses our present Energy needs. India has a long coastline with the estuaries and bays where 

tides are sufficiently solid to move turbines for electrical force era. An assortment of diverse 

innovations are as of now being worked on all through the world to saddle this Energy in every 

one of its structures including waves (40,000 MW), tides (9000 MW) and warm angles (180,000 

MW). Sending is as of now restricted yet the division can possibly develop, fuelling financial 

development, lessening of carbon foot shaped impression and making occupations along the 

coasts as well as inland along its supply chains.
42

  

As Government of India ventures up its push to achieve the destinations to mull over its 

Renewable Energy and environmental change targets post 2022, it is ideal to investigate every 

conceivable street to invigorate advancement, make financial development and new occupations 

and to diminish our carbon foot shaped impression. Given the long haul Energy require through 

this inexhaustible source, move needs to be made now on RDD&D front with a specific end goal 

to guarantee that the sea Energy division can have important influence in accomplishing our 

goals in advancing decades. MNRE looks into the great beyond at a promising new innovation 

and considers the different choices accessible to backing its improvement. More than 100 diverse 

sea Energy innovations are right now a work in progress in more than 30 nations. Most sorts of 

innovations are right now at exhibit stage or the starting phase of commercialization.
43

  

Potential of Tidal Energy in India  

Absolute distinguished capability of Tidal Energy is around 9000 MW in West Coast Gulf of 

Cambay (7000 MW), Gulf of Kutch (1200 MW) and in East Coast the Ganges Delta in the 

Sunderbans in West Bengal for little scale tidal force advancement appraises the potential in this 

district to be around 100 MW.
44
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The aggregate accessible capability of wave Energy in India along the 6000 Km of India's coast 

is evaluated to be around 40,000 MW – these are preparatory appraisals. This Energy is however 

less serious than what is accessible in more northern and southern latitudes.In 2000 NIOT Goa, 

propelled a system to lead consider on advancements for delivering fantastic clean drinking 

water and Energy from the sea. The goal was to produce 2 - 3 lakh liters every day freshwater 

utilizing the Low Temperature Thermal Desalination innovation by 1 MW OTEC Power Plant. 

Anyhow it was dropped because of troubles in installations.In 2010 Kalpasar Tidal Power 

Project at The Gulf of Khambhat was distinguished as a promising site for tidal force era by 

UNDP Expert. In Jan 2011, the condition of Gujarat declared arrangements to introduce Asia's 

first business scale tidal current force plant; the state government affirmed the development of a 

50 MW extend in the Gulf of Kutch. None right now, however India's Ministry of New and 

Renewable Energy said in Feb 2011 that it may give monetary motivators to as much as 50 

percent of the expense for tasks looking to show tidal force. In 2014 Atlantis Energy proposed to 

introduce and add to 50-200 MW Tidal stream based force plant at Gulf of Chambey
45
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CHAPTER 4 

REGULATORY FRAMEWORK OF ENERGY SECTOR IN INDIA 

 

The Indian power part has made critical advance throughout the years. The introduced limit of 

the business developed complex from 1,361 MW in 1947 to 156.8 GW in January 2010. The 

area has additionally experienced generous basic changes. Administrative strategies have 

assumed a transcendent part in changing the scene of the Indian power segment. In spite of the 

fact that the segment has made a ton of progress from its humble beginnings, it is as yet slacking 

on a few fronts, for example, power deficiencies, T&D misfortunes, among others, and has far to 

go.
46

 

 

The Indian Power Industry before freedom was controlled immovably by the British. At that 

point legitimate and arrangement structure was helpful for private proprietorship, with very little 

regulation as to operational security.  

In accordance with the Industrial Policy Resolution of 1948, the administration assumed a 

predominant part in launching and managing improvement in key divisions of the economy, 
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which bury alia incorporated the Indian Electricity Sector. It was encapsulated in the 

constitution, the rule that both the Central Government and the States ought to have the capacity 

to administer on force.  

Authoritative power was all the more formally partitioned in the Electricity Supply Act of 1948. 

The Act accommodated the foundation of the Central Electricity Authority (CEA) and of State 

Electricity Boards (SEBs) which were to turn into the principle organizations for supplying 

power all through India. The SEBs were independent bodies in charge of the advancement and 

operation of era, transmission and conveyance in the "most sparing and productive way".  

The CEA was to create national plans and help define national force arrangement, to report the 

advancement of the power supply industry, to give specialized support, to exhort Central 

Government/ State Government/Boards/producing organization, go about as authority between 

State or Board or licensees, to prepare faculty in the part, to advance examination and, all in all, 

to encourage effective power supply. Its part, in any case, was basically admonitory instead of 

official.  

The Industrial Policy Resolution of 1956 held the era and dispersion of power solely for the 

states, letting, existing private licensees, then again, to proceed. This prompted the slow 

command of the power area by government endeavors.  

Change in 1976 empowered era organizations to be set up by the focal and state governments 

bringing about the foundation of National Thermal Power Corporation Ltd. (NTPC Ltd.), 

National Hydro Power Corporation Ltd. (NHPC), North Eastern Electric Power Corporation Ltd. 

(NEEPCO), Mysore (now Karnataka) Power Corporation and Water & Power Consultancy 

Services (a counseling firm), and so forth. The advancement of the area occurred basically 

through different open division utilities – some under the focal government and the lion's share 

under the state governments – between them they represented more than 95% possession. 
47

 

Until the 1980s, power benefits in most creating nations of the world, as likewise in numerous 

created nations of Europe, were conveyed by state-possessed syndications. It was viewed as that 

syndications were ideally equipped to convey power administrations, as they appreciated 

                                                           
47

 http://indianpowersector.com/home/about/overview/ 



59 
 

economies of scale and extension.  

In India until 1991, force segment in the states was overseen by one expansive, vertically 

incorporated element that produced, transmitted and disseminated force, under the particular 

State Ministries of Power.  

Nonetheless, the nonattendance of rivalry prompted low quality of administrations, problematic 

usage of assets, and little thought for buyer intrigues. The powerlessness of state-possessed 

ventures to convey benefits in a productive and financially savvy way prompted reassessment of 

the strategies identifying with the procurement of administrations, and there was a developing 

observation that corporatization of the divisions could enhance efficiencies, nature of 

administration and enhance what really matters.  

Taking after UK & USA and creating nations like Argentina, Chile, Brazil, Philippines & 

Pakistan, the Indian government likewise initiated the rebuilding of the Indian power area, which 

started with the unbundling, corporatization and privatization of Orissa force utility.  

The Indian power part has seen huge changes subsequent to mid 1990s. Starting with permitting 

private interest in force era in 1991, launching administrative changes through Electricity 

Regulatory Commissions Act, 1998, the Indian government has sanctioned the Electricity Act, 

2003 which looks for an ideal model change
48

.  

The Electricity Act, 2003 commands that Regulatory Commissions might control levy and issue 

of licenses and that State Electricity Boards (SEBs) will no more exist in the current frame and 

will be rebuilt into divided era, transmission and conveyance elements. Administrative capacity 

has been detracted from the domain of the administration. The Electricity Act, 2003 commands 

without licensee warm era, non-unfair open access of the transmission framework and 

continuous execution of open access in the conveyance framework which will clear path for 

production of force market in India.
49
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CHAPTER 5 

OVERVIEW OF REGULATORY FRAMEWORK OF RENEWABLE ENEGRY IN INDIA 

 

Renewable Energy (RE) has turned into an imperative motivation of India's Energy arranging 

methodology particularly since environmental change has taken all important focal point in the 

local and worldwide arrangement enclosure. To exhibit its dedication to renewable Energy, the 

legislature has set forceful focuses for renewable and a few motivating forces and strategy 

activities at the Central and State levels have been put set up both for lattice associated and off-

framework renewable Energy. 

 It is clear that the improvement of renewable Energy segment relies on the mix of administrative 

systems, financing components, institutional plans, and co-appointment instruments, which 

cooperate to backing the usage of RE techniques, arrangements and projects. It is seen that 

regardless of the developing force of movement in this area, there are sure issues which highlight 

the crevices in the administration of renewable Energy in India.  

Late years have demonstrated exceptional development of renewable energy situation, where 

notwithstanding the worldwide money related emergency the area has figured out how to stand 

its ground. The strength of the division despite seemingly insurmountable opposition showcases 

that renewable Energy is to be sure what's to come furthermore, will assume a real part in giving 

a clean, secure and feasible Energy economy. The potential is obviously substantial and the 

quickly developing economies are dead set to change the monetary emergency into an open door 

for greener development. On the other hand, for the division to develop altogether to meet world 

Energy requests, it is basic for the legislatures to give backing in making renewable cost focused 

as contrasted and other Energy sources and advancements.
50

 

MNRE has assigned state nodal organizations in every state which arrange state level exercises 

identified with renewable Energy and execute the projects of the Ministry. Aside from SNAs, the 

Service has a few innovation particular examination associations under its ambit. These 

incorporate the National Institute of Solar Energy (NISE), the Center for Wind Energy 
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Technology (CWET), the Sardar Swaran Singh National Institute of Renewable Energy 

concentrating on biomass Energy and the Interchange Hydro Energy Center (AHEC). Moreover, 

the Indian Renewable Energy Development Office (IREDA) is a Non-Banking Financial 

Institution under the authoritative control of this Service for giving term advances to renewable 

Energy. At long last, for actualizing the Ministry program on sun oriented force, as of late the 

Solar Energy Corporation of India (SECI), New Delhi was enlisted under Section 25 of 

Companies Act, 1956, as an organization not for benefit, under the regulatory control of the 

Ministry of New & Renewable Energy (MNRE). 

Renewable Energy contribute around 12.3% of the aggregate introduced limit in the nation 

(CEA, 2013). Around 97% of the introduced limit is network associated and off-lattice force 

constitutes a little impart (MNRE, 2013). Wind keeps on being the backbone of matrix joined 

renewable power in India (Figure 1). Comprehensively, India positions 6th as far as renewable 

electric force worldwide limit (REN21, 2013). The verifiable development of renewable has 

been enormous with an exacerbated yearly development rate of 22% in the course of the most 

recent decade (2002–2012). The rate of development has been especially critical for sun oriented 

throughout the most recent three years (2009–2012), which developed from under 10 MW to 

more than 0.7 GW MW in 2005–2006 to around 30 GW in 2013 (as on 31 October, 2013) 

(MNRE) 
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CHAPTER 6 

EXISTING LEGITIMATE /ADMINISTRATIVE AND ARRANGEMENT STRUCTURE 

 

The two vital lawful procurements from the Electricity Act 2003 are: 

Section 86(1)(e): The State Commission shall ‗promote cogeneration and generation of electricity from 

renewable sources of energy by providing suitable measures for connectivity with the grid and sale of 

electricity to any person, and also specify, for purchase of electricity from such sources, a percentage of 

the total consumption of electricity in the area of a distribution licensee. 

 Section 61(h): The Appropriate Commission shall, subject to the provisions of the Act, specify the terms 

and conditions for the determination of tariff, and in doing so, shall be guided by the promotion of co-

generation and generation of electricity from renewable sources of energy.
51

 

National Tariff Policy (2006, amended in 2011) 

Section 6.4 Non-conventional and renewable sources of energy generation including co-generation:  

(1) Pursuant to provisions of section 86(l) (e) of the Act, the Appropriate Commission shall fix a 

minimum percentage of the total consumption of electricity in the area of a distribution licensee for 

purchase of energy from such sources, taking into account availability of such resources in the region and 

its impact on retail tariffs. Such percentage for purchase of energy should be made applicable for the 

tariffs to be determined by the SERCs latest by April I, 2006. 

(i) Within the rate so made relevant, to begin with, the SERCs might likewise hold a base rate for buy of 

sun powered Energy from the date of warning in the Official Gazette which will go up to 0.25% before 

the end of 2012-2013 and further up to 3% by 2022.  

(ii) It is alluring that buy of Energy from non-ordinary wellsprings of Energy happens pretty much in the 

same extent in diverse States. To accomplish this target in the current situation of huge accessibility of 

such assets just in specific parts of the nation, a fitting instrument, for example, Renewable Energy 

Certificate (REC) would need to be developed. Through such an instrument, the renewable Energy based 

era organizations can offer the power to neighborhood dispersion licensee at the rates for ordinary power 

and can recuperate the parity cost by offering authentications to other circulation organizations and 

committed substances empowering the recent to meet their renewable force buy commitments. In 
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perspective of the nearly higher expense of power from sun based Energy as of now, the REC system 

ought to likewise have a sun powered particular REC.  

(iii) It will take eventually before non-routine advances can rival traditional sources as far as expense of 

power. Thusly, acquirement by dissemination organizations should be done at special levies dictated by 

the Appropriate Commission.  

(2) Such acquisition by Distribution Licensees for future prerequisites should be done, the extent that 

conceivable, through focused offering process under Section 63 of the Act inside suppliers advertising 

Energy from same kind of non-routine sources. In the long haul, these advancements would need to rival 

different sources as far as full expenses.  

(3) The Central Commission ought to set down rules inside three months for evaluating non-firm force, 

particularly from non-routine sources, to be followed in situations where such acquisition is not through 

aggressive offering." 

National Electricity Policy (2005)  

Non-ordinary wellsprings of Energy being the most environment neighborly there is a critical 

need to advance era of power taking into account such wellsprings of Energy. For this reason, 

endeavors need to be made to lessen the capital expense of ventures in view of non-customary 

and renewable wellsprings of Energy. Expense of Energy can likewise be lessened by advancing 

rivalry inside such ventures. In the meantime, sufficient limited time measures would likewise 

must be taken for advancement of advances and a supported development of these sources.  

The Electricity Act 2003 gives that co-era and era of power from nonconventional sources would 

be advanced by the SERCs by giving suitable measures to integration with network and offer of 

power to any individual furthermore by indicating, for buy of power from such sources, a rate of 

the aggregate utilization of power in the region of a appropriation licensee. Such rate for buy of 

force from nonconventional sources ought to be made relevant for the taxes to be controlled by 

the SERCs at the soonest. Dynamically the offer of power from non-ordinary sources would 

need to be expanded as endorsed by State Electricity Regulatory Commissions. Such buy by 

dissemination organizations might be through focused offering procedure. Considering the way 

that it will take sooner or later before nonconventional advancements contend, as far as expense, 
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with customary sources, the Commission may focus a suitable differential in costs to advance 

these advances.  

Industries in which both methodology warmth and power are required are appropriate for 

cogeneration of power. A huge potential for cogeneration exists in the nation, especially in the 

sugar business. SERCs may advance plans between the co-generator and the concerned 

circulation licensee for buy of surplus force from such plants. Cogeneration framework 

additionally needs to be energized in the general enthusiasm of Energy productivity furthermore 

network strength. 

National Action Plan on Climate Change (2008)  

The NAPCC has recommended the accompanying improvements to the strategy administrative 

structure:  

(i) An element least renewable buy standard (DMRPS) may be set, with heightening every year 

till a predefined level is come to, at which time the necessities may be returned to. It is 

recommended that beginning 2009-10, the national renewable standard (barring hydropower 

with capacity limit in overabundance of every day cresting limit, or in view of farming based 

renewable sources that are utilized for human sustenance) may be set at 5% of aggregate lattices 

buy, to increment by 1% every year for a long time. SERCs may set higher rates than this base at 

every point in time.  

(ii) Central and state governments may set up a check system to guarantee that the renewable 

based force is really acquired according to the material standard (DMRPS or SERC determined).  

Proper powers might likewise issue testaments that get renewable based power in overabundance 

of the national standard. Such testaments may be tradeable, to empower utilities missing the 

mark to meet their renewable standard commitments. In the occasion of a few utilities as yet 

missing the mark, punishments as may be permitted under the Electricity Act 2003 and leads 

there under may be considered.  

(iii) Procurement of renewable based power by the SEBs/other force utilities ought to, in so far 

as the appropriate renewable standard (DMRPS or SERC determined) is concerned, be in light of 

aggressive offering, without respect to planning, or the taxes of ordinary force (however 



65 
 

decided). Further, renewable based force might, far beyond the appropriate renewable standard 

been powered to contend with traditional era on equivalent premise (whether offer levies or 

expense in addition to taxes), without respect to planning (i.e. renewable based power supply 

over the renewable standard ought to be considered as dislodging the peripheral ordinary cresting 

limit). All else being equivalent, in such cases, the renewable based power ought to be preferred 

over conventional resources. 

Jawaharlal Nehru National Solar Mission (2010)  

The Jawaharlal Nehru National Solar Mission was propelled on the 11th January, 2010. The 

Mission has set the eager focus of sending 20,000 MW of network associated sunlight based 

power by 2022. The mission goes for decreasing the expense of sun oriented power in the nation 

and attain to framework equality at soon as conceivable through not to mention a variety of other 

things, long haul arrangement and vast scale organization.  

National Clean Energy Fund (2010)  

By requiring an expense of Rs 50/ton on coal expended inside the nation, the NCEF was made in 

2010 chiefly for creating and organization of clean Energy in the country. 
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CHAPTER 7 

KEY ASPECTS OF GOVERNANCE IN THE INDIAN RENEWABLE ENERGY SECTOR 
 

Capacity and supporting infrastructure 

Attaining to aggressive renewable Energy targets requires the vicinity of an energetic industry 

and empowering foundation. The renewable Energy segment in India is basically ruled by the 

private division. While the wind business in India is thought to be develop, involving the 6th 

position in wind turbine fabricating internationally, the sun based industry is as yet developing 

and increase its producing abilities. In spite of having measures to support indigenous 

assembling capacities in the sunlight based segment, there are holes to be tended to on this front. 

Production of a hearty indigenous assembling part and the situating of India as a sun powered 

center is one of the expressed targets of the JNNSM. Towards attaining to this goal, India has put 

set up DCR on sunlight based cells and modules for sun oriented PV activities in light of 

crystalline silicon. Nonetheless, this measure has been generally incapable in impelling the 

nearby assembling industry, in light of the fact that large portions of the engineers figured out 

how to dodge this necessity by choosing slight film innovation, which was excluded from DCR.  

While in the first clump of Phase 1, establishments were just as appropriated between slim film 

and crystalline silicon PV (50% every), be that as it may it further decayed in Batch 2 wherein 

59% utilized slim film innovation and 41% utilized crystalline silicon (CEEW/NRDC, 2012). 

This has brought about the supply of less expensive modules from nations, for example, Taiwan, 

the USA, and Malaysia with Indian makers not able to rival these global module suppliers as far 

as costs. A few driving makers, for example, Tata sun based, Indosolar, Lanco sun powered, 

Moserbaer, and so forth., have been unfavorably influenced on account of less neighborhood 

requests and falling fares, with the vast majority of them reporting critical misfortunes in 2011–

12. 8 As of October 2013, with a few special cases, the majority of the photovoltaic (PV) 

fabricating limit in India is either lying sit out of gear or working at a low limit. The Indian 

producers have required an against dumping examination and burden of hostile to dumping 

obligations on suppliers from these nations. Furthermore, there are not very many organizations 

working in the upstream section of the sunlight based PV worth chain (Polysilicon, ingot, and 

wafer generation). A large portion of the organizations are included in cell and module 
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generation. There are scarcely any organizations in polysilicon generation, around 10–15 

organizations in cells, and 50 organizations in module creation (SNP Infraresearch, 2011).There 

is a solid need to concentrate on building up the assembling and R&D capacities in the upstream 

section of the sun based industry. 

Institutional limit  

Institutional limit among different perspectives additionally relies on upon the human-know, 

aptitude base of the work force included also the accessibility of powerful information which can 

manage the advancement of arrangement what's more, administrative structures. 

Specialized limit and aptitudes sets  

Government divisions need to construct solid abilities to manage the necessities of expanding 

renewable Energy entrance. The expertise sets needed for the renewable Energy area are 

regularly exceptionally diverse to those needed for ordinary Energy sources. A percentage of the 

states with dynamically higher shares of renewables, for example, Gujarat, Rajasthan, Tamil 

Nadu, and so forth., are and will proceed to face the test of powerful lattice joining of these 

irregular wellsprings of Energy later on.  

Tamil Nadu, which has 40% of the nation's wind asset, has been requesting that wind ranches 

back down or quit creating power because of an over-congested framework. It has introduced 

7.1GW of wind Energy yet is not able to transport this to different areas because of the 

nonappearance of sufficient integration. 

Accordingly, an arranged methodology is obliged to guarantee that power framework security, 

security, and dependability stays in place at all working conditions. The state burden dispatch 

focuses which are in charge of incorporated operation of the force framework in the states need 

to be outfitted with best in class determining frameworks and instruments for legitimate 

administration and safe operations of the framework. What's more, the limits of the 

administration work force will must be upgraded to this end. The Central Electricity Power 

(CEA) has sketched out an arrangement of activity for improvement of renewable Energy 

administration focuses at three separate levels — state, provincial, and national which will 

embrace guaging of renewable era and coordination with the dispatch focuses. While a few 
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states, for example, Gujarat have taken a lead in starting anticipating offices for renewables, 

different states in India are yet to start activity on this front.  

Then again, there are ability holes existing in the renewable Energy industry, for example, plan 

and creation of biomass gasifiers, erection and dispatching of huge scale biomass plants, 

feedstock arranging and administration of biomass plants, plan abilities to match wind velocities 

and limit of turbines, and so forth., which must be systemically tended to by creating association 

models among the industry, establishments, and the administration. 

Information accessibility  

To form sound approaches and guides for renewable advancement, accessibility of solid good 

quality asset information is significant. Solid information on asset (biomass) valuing examples is 

critical for the controllers to set duties. While various activities have been taken by MNRE to 

address the holes on this front, at the state level, not very many state nodal organizations are 

keeping up a thorough information bank or learning storehouse on renewables. If there should 

arise an occurrence of biomass, the Biomass Resource Atlas grown by the Indian Institute of 

Science with MNRE is obsolete and does not precisely reflect the asset developable Energy 

potential. There is next to no solid and vitty gritty data on the utilization and supply of biomass. 

In such cases, engineers employ advisors/outsiders to do biomass evaluations; then again, 

because of absence of institutionalized framework for estimations and bookkeeping strategies, 

the assessments shift generally relying on the technique utilized. The evaluations can generally 

differ from expert to specialist relying on the approach, for the same geographic range. The 

biomass essential overviews are likewise lumbering, time consuming, and additionally costly. 

Besides since farming is a state subject, information is accessible just from the state horticulture 

offices and this information is exceptionally challenged for low levels of exactness and 

dependability. 

Social and natural issues  

The natural and social concerns connected with renewable Energy tasks have for the most part 

not been broadly talked about in India. There could be two purposes behind the same; the first 

being the reality that normally renewable Energy undertakings are outside the domain of 

Environmental Impact Appraisal considering the way that such undertakings have irrelevant 
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negative effect on encompassing environment. The other being that situations where there have 

been issues on this front are very few in number and are in this way not broadly reported. The as 

of late appointed report by MNRE on formative effect and administration issues of renewable 

Energy activities has advanced comparative perspectives on this subject. Despite this, it is seen 

that some renewable Energy ventures — for instance wind and little hydro force ventures — 

have had huge consequences for neighborhood biological communities. The as of late closed 

report of the Western Ghats Ecology Expert Panel (WGEEP) highlights a few issues and 

concerns connected with the setting up of wind tasks in the Western Ghats, which have a few 

high wind potential destinations. The setting up of transmission lines, pulling of development 

cranes for setting up wind poles and pulling the wind poles themselves oblige development of 

streets requiring the extensive scale decimation of timberlands, natural surroundings and soils, 

including prompting avalanches also, gigantic soil disintegration in these high precipitation 

zones (MoEF, 2011). Aside from harming impacts on scene, they additionally have negative 

effects on winged creature mortality and reason environment fracture. The instance of the 

dubious Enercon wind venture close to the Bhimashankar Wildlife Sanctuary in Maharashtra 

which has brought on grave annihilation to the verdure has additionally been examined in the 

report. 

A second vital issue connected with the advancement of renewable Energy is concerning land. 

Renewable Energy ventures are situated up in backwoods, income/government or private area. 

Accessibility of area for setting up renewable Energy ventures is a petulant issue. Case in point, 

in Karnataka a significant number of the high wind potential locales fall in timberland lands and 

the non-accessibility of non-woodland land bordering to woodland land for compensatory 

forestation has been referred to as one of the significant issues in the state (MNRE, 2011).  

Wind ventures require boundless tracts of area to the request of 15–20 sections of land every 

MW (on aggregate area secured premise), though on a foot shaped impression premise they 

require fundamentally less at around 5–6 sections of land every MW. Given the deficiency of 

area, practice of area apportioning on foot shaped impression premise is viewed as fitting, 

however right away it is not being followed in numerous states. Maharashtra then again, does not 

have clear cut strategy for executing renewable Energy extends on income land (MNRE, 2011). 

Private area procurement is again difficult including issues of only compensation of area and 
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assets. In numerous cases, nearby groups are not satisfactorily made up for the loss of area. 

Challenges by agriculturists in Sangli and Dhule regions in Maharashtra requesting higher area 

pay is a for example. In Sangli locale, around 44 wind turbines with an introduced limit of 74 

MW were closed down in April 2007, because of challenges from the nearby people and 

furthermore there were issues identified with securing of area for development of access streets 

and electrical cables. Therefore, a percentage of the ventures were moved to neighboring state 

like Gujarat and Karnataka (Nath, 2012).
52

  

Given the expanding shortage of admissible locales with satisfactory wind potential MNRE 

through its correspondence dated 15 May 2012, has asked for state governments to analyze their 

territory arrangement for wind power establishments and detail an arrangement for area 

designation on a "foot shaped impression" premise. This alludes to the area needed for turbine 

cushions, electrical bolster gear and connection streets, i.e., least vital area for setting up wind 

ventures, rather than the current practice of acquiring whole venture zones which a wind ranch 

covers.
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CHAPTER 8 

REC MECHANISM IN INDIA 
 

Renewable Energy Certificate (REC) component is a business sector based instrument to 

advance renewable Energy and encourage renewable Energy buy commitments amongst 

different partners. REC exchange has as of late been placed set up and the exchanging began in 

March 2011. From that point forward, there has been a critical development in exchange 

volumes and the gainful costs for renewable Energy generators welcome financial specialists to 

place cash in this developing part. Before we clarify this system, we, first and foremost, 

investigate the variables that prompted this. Non-consistency of enrichment of renewable assets 

among diverse conditions of India leads to a few states in being asset rich and others being 

insufficient in assets. There is right now no between state component of exchanging for 

renewable Energy sources' produces power. The high cost of renewable Energy era debilitates 

designers of asset rich states to deliver more than that committed by SERC. This prompts a few 

states having set the renewable buy commitment (RPO) at a low level in view of the inadequacy 

of renewable assets in those states. However, non-accessibility of component for between state 

deal and buy of renewable Energy is by all account not the only hindrance in the way of 

accomplishment of higher targets. Numerous different issues, for example, expanded expense of 

era, absence of consistence system, and so on would need to be determined. Be that as it may, it 

is accepted that absence of coordination among States while setting RPO targets and non 

uniformity in systems and standards for determination of levies for different renewable Energy 

advancements are the two most imperative obstructions.
54

  

The RPO targets change altogether over the States. Toward one side of the range, Delhi has 

focus of only 0.5% for renewable Energy buy, while at flip side, Himachal Pradesh has focus of 

20% for dispersion utility in the State. This divergence in targets is a reflection of the changing 

renewable Energy potential in diverse states. Comparable dissimilarity is noted in 

accomplishment of the targets or real infusion of renewable Energy in the State. While States 

like Tamil Nadu and Karnataka have attained to focus of 10% for renewable Energy, numerous 
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different states are not ready to meet focus of even 1-2% for buy of renewable Energy. Since 

nothing might be possible about the capability of renewable Energy in distinctive states, an all 

around outlined component for between state exchanging was expected to permit all the states set 

a higher RPO target, in this way attaining to a general higher national target. Given the current 

lawful structure, setting the RPOs for states by focus is not a possible choice. Hence, accord 

among the SERCs is the main practical alternative to attain to the national target. It is important 

to create fitting administrative and institutional system to guarantee that States focus RPO 

focuses in meetings with one another. 

If there should arise an occurrence of RPO commitments, rate is by all account not the only thing 

which differs fundamentally. Other parameters, for example, materialness to OA/ Captive 

purchasers, time of commitment and consistence methodology are couple of different regions 

where huge contrast of feeling among different SERCs exists.  

The administrative system obliges the Appropriate Commission to focus the special Tariffs for 

acquisition of renewable Energy control by the appropriation licensees under RPO 

administration. It is visualized that the Commission will focus levy independently for every kind 

of innovation received for tackling any of the renewable Energy sources. For example, it is 

normal that different levies will be resolved for sunlight based warm and sun based PV 

applications.
55
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CHAPTER 9 

THE WAY FORWARD 
 

There are a multitude of policy instruments and financing schemes for promoting renewables, 

despite which implementation has been slightly lagging or is happening at a slow pace because 

the sector is beset with certain inefficiencies. There are several factors which are responsible for 

the weak progress as discussed in the earlier sections. Having said that, growth of renewables in 

India over the last five years has been impressive and to continue on this growth path there are 

certain issues which can be dealt with good governance. The following key recommendations 

emerge from this study:  

1. Ambitious targets for renewables set by the central and various state governments can be 

achieved only if there are sound implementation and enforcement mechanisms to oversee 

compliance. In particular, RPO enforcement has to be made stringent with regulators imposing 

penalties on discoms in case of non-compliance in a fair and transparent manner. The 

Maharashtra and Rajasthan examples serve as good precedents in this regard. Other state 

regulatory commissions could follow this example for stricter enforcement of RPOs. Quarterly 

reporting of RPO to regulatory commissions should be followed by the nodal agencies and this 

requires regular follow ups and verification with the obligated entities. However, for stricter 

RPO enforcement it needs to be pointed out that liquidity of the discoms is a key consideration 

given that many of the state discoms are cash strapped and financially stricken. The liquidity 

concerns of discoms can be addressed to a large extent by the financial restructuring of the state 

owned utilities, which is already underway in some states — Haryana, Uttar Pradesh, Rajasthan, 

and Tamil Nadu).  

2. In view of the strategic and policy focus on solar, there is a compelling need to ramp up the 

manufacturing capabilities in the solar industry. In addition to the DCR measures which have 

shown lukewarm results, other measures such as provision of low-cost financing to the solar 

manufacturing industry, setting up of integrated solar manufacturing hubs will provide the much 

needed fillip to the industry. Further, the solar manufacturing is rapidly evolving globally and 

within the country, especially with learnings from National solar mission. Funds for R&D and 
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technology up-gradation — for cell-efficiency and enhanced production — could be made 

available through the NCEF.  

3. Increasing penetration of renewables in the electricity mix requires proper planning and sound 

managerial and technical capacities at the institutional level. The Load Dispatch Centres are the 

key agencies in the states for planning and managing renewables in terms of day to day 

operations. It is essential to enhance their technical capabilities in terms of setting up forecasting 

tools and software for managing the intermittency and at the same time increasing the skill base 

of the employees managing these responsibilities in the state centres. Accurate resource data is a 

very important part of the planning process to frame targets and the availability of this data is 

crucial. While for wind and solar, efforts are already underway, for biomass state nodal agencies 

should take a lead in coming up with a biomass resource databank collating latest information 

from district and state level agencies. For example, HAREDA has conducted an independent 

study on availability of biomass district wise. The studies are priced and are available to 

developers. Such practices could be adopted by other state nodal agencies also.   

4. The budget allocation for MNRE has to be increased in view of the aggressive capacity 

addition targets set up the states. Further, there is a need to eliminate the ambiguities surrounding 

the use of the NCEF and bring in more transparency on the process of disbursal of fund.  

5. Land issues faced by the project developers could be resolved to a certain extent if land banks 

could be created under the aegis of the land and revenue department of the states and enabled 

through information technology. An online repository of land banks of the available land in state 

with all pertinent information including land use, infrastructure available, location, market 

access, etc. This could lead to lesser community developer conflicts and smoother project 

implementation.
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CHAPTER 10 

CONCLUSION AND SUGGESTIONS 

 

Energy is the life saver of any economy. It is not issued its expected significance in monetary 

development models to avoid many-sided quality of issues and ideas included. It, 

notwithstanding, holds a exceptionally huge part in deciding the development of economy. 

Energy lack can upgrade an economy's development methodology while its wealth can help 

economy develop by jumps and limits. Excessively of it won't contribute towards development 

and improvement however little of it will hamper the development prepare and confines an 

economy's development. Thusly, an economy's development is reliant on proper measure of 

Energy accessible for satisfying its different needs. All things considered, this necessity is met by 

ordinary wellsprings of Energy which are accessible in wealth and thus can be gotten to 

affordably. Coal, petroleum what's more, regular gas are some exceptionally normal fossil 

energizes utilized worldwide with extraordinary force. Due to the concentrated utilization of 

fossil fills (which take a large number of years to shape), the world is as of nowconfronting 

intense lack of Energy assets from which power can be saddled. Likewise, the utilization of 

fossil fills emanate destructive green house gasses noticeable all around which are debilitating 

the environment with the threats of a dangerous atmospheric devation, the indications of which 

are now obvious to us as surges, softening of icy masses, expanded water level. On the off 

chance that this pattern is proceeded at the momentum speed, the earth will soon be submerged 

in water. This calls for recognizing option wellsprings of Energy which not just give Energy 

security notwithstanding intense lack additionally indulge maintainability and natural 

contentions. Wellsprings of Energy that go under this classification are renewable assets. With a 

plenitude of renewable assets in nations around, this source can be abused to its extremes without 

dreading about its exhaustion. 
57

 

Notwithstanding, the expense of power era from renewable Energy sources has a focused 

impediment in respect to that from customary wellsprings of Energy. Their regular nature of 

renewable Energy sources and less actualization of force than what is sustained into the lattices 

make renewable Energy a generally exorbitant try by power engineers. Likewise, there is no 
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component to disguise the outside expenses and advantages of utilizing renewable assets 

prompting general high expenses. This counteracts interests in this part on the grounds that the 

profits are low in correlation to sum contributed. Yet it is normal that with expanding 

development and propelled innovation, the expenses of era would descended and it will turn into 

a beneficial zone for venture. Yet advancement can happen just in the event that we have enough 

ventures coming in. To advance and empower the utilization of renewable Energy sources, the 

designers must be financed for the beginning start up. 
58

 

When that is done and they infiltrate into the business of Energy sources and achieve 

development, we can have an arrangement of renewable assets which are no more "option" 

wellsprings of Energy yet a piece of standard Energy assets. The special procedures, for 

example, FIT, RPO and REC can help to realize a change in the recognitions with respect to 

renewable assets.
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