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Abstract 

 

This paper attempts to assess the environmental degradation due to power generation worldwide. Generation of power releases 

GHG (greenhouse gases). Worldwide, two major sources for power generation are coal and hydro. Coal-fired power plants 

release maximum GHG with the highest concentration of CO2 which is responsible for global warming leads to climate change, 

forest area destruction and environmental degradation. Global CO2 emission increased from 25613 million tons in 2001 to 36028 

million tons in 2014. Coal as a dominant source of power generation accounts for 40% of global CO2 emission and accounts for 

14.1 billion tons in 2013 with the cumulative average growth rate (CAGR) of 2.7% between 2006 to 2013. In 2000, coal 

accounted for 38% of electricity generation and coal is projected to remain the dominant fuel for power generation (36%) in 

2020. Currently, 42% of global electricity supplied by coal-fired power plants and accounts for 28% of global CO2 emission. 

Mining, to feed the coal to the power plants altered millions of hectors of land; most of them are originally forest. In US, around 

2.4 million hectors between 1930-2000, China 3.2 million hectors according to 2004 estimate and India grants forest clearance 

around 31500 hector only for coal mining during 11th FYP which was 16% of all forest land diversion and around 65% of forest 

land diversion for mining. In addition, transmission accounts for 4.1% of forest clearance. Forest clearance for hydroelectricity 

development is the major issue for environmental degradation. In 1996, there were approximately 42,000 large dams in the 

world. In China, there are 24,671 large dams, more than any other country, followed by United States (6375) and India (4010) as 

per ICOLD 1998. Since the 1950s, approximately 10,000 km3 of water have been impounded in reservoirs which is equivalent of 

five times the volume of water in all the world’s rivers. Reservoirs produces significant amount of GHG. At present, India has 

5,202 large dams and majority of them are located at Indian Himalayan region. Uttarakhand alone accounts for 5391.17 Ha of 

forest area diversion for Hydro projects since 1980 to June,2013, in Himachal Pradesh, from 1981 – 2012, more than 10,000 Ha 

of forest land have been diverted for hydropower projects, mining, roads and other projects and as much as 12,025 Ha of forest 

land diverted since 1991 in Jammu & Kashmir. The trend shows the fuel wood consumption are increasing out of total forest 

removal and over the last 25 years global carbon stock in forest biomass decreased by almost 17.4 Gt (giga tons) due to 

conversion to other land uses and forest degradation. Biomass accounts for approximately 14% of total energy used globally. 

Indian Himalayan region is experiencing scarcity of fuel wood due to over exploitation. The per capita annual consumption of 

dry wood in various parts of the Himalayas varies between 500 to 1200 kg /capita/year. Burning of biomass fuel is responsible 

for the emissions of GHG such as, CO2, CH4, CO, N2 O, NOx and NO. Cumulative effects of increasing CO2 emissions for power 

generation (mostly from coal-fired power plants), massive deforestation or forest area clearance for mining and  hydro power 

projects, fuel wood and fodder collection for energy degrades environment of mountain region at a faster rate like Himalayan. 

Keywords: Power generation, GHG emissions, forest clearance and deforestation, fuel wood, environmental degradation, 

alternative sources 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The main two factors responsible for environmental degradation are 1) Poverty and environmental degradation and 2.)  Rich and 

Environmental degradation. In the world, more than half of the population lives below poverty line and the lifestyle consumption 

potential of high and middle income groups are high but the production system to meet the requirements or demands are 

threatened ecological sustainability. On the other hand, in view of the development of a nation, it requires to reduce the poverty 

by increasing Human Development Index (HDI). Rich and poor, all needs to have food and energy security. In both the cases the 

resources are required, which are harnessed from the nature. It increases with the increasing rate of population growth. 

Global population will be expected to rise from 7 billion (in 2010) to nearly 9 billion by 2040. India and 10 key growth 

countries will contribute around 40% of above projected growth of population and with an anticipated population of 1.6 billion. 

India will become the most populous country in the world by 2040. [6] 

In July 2015, world population reached 7.3 billion. The world has added one billion people since 
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2003 and two billion since 1990.  In 2016, it is projected that 83 million people will be added to the world’s population [8]. 

Around 60% of the global population lives in Asia (4.4 billion). China (1.4 billion) and India (1.3 billion) remain the two largest 

countries of the world, both with more than 1 billion people, representing 19 % and 18% of the world’s population, 

respectively.[8]  

By 2050, India will have around 1700 million, China around 1400 million, US will have around 439 million and World’s 

population will be around 8900 million. Around 90% of the growth of population will occur in developing countries [8] [12]. 

Projected and trend in population are as follows. (Table: 1, Table: 2) 
Table – 1 

Source: United Nations, World Population Prospects: 2015 Revision. New York: United Nations. 

Population of World and Major Areas, 2015, 2030, 2050 and 2100 

(Medium Variant Projection) 

Major Area Population ( millions ) 

 
2015 2030 2050 2100 

World -------------------------------------------- 7349 8501 9725 11213 

Africa --------------------------------------------- 1186 1679 2478 4387 

Asia ----------------------------------------------- 4393 4923 5267 4889 

Europe ------------------------------------------- 738 734 707 646 

Latin America and Caribbean ----------------- 634 721 784 721 

North America ---------------------------------- 358 396 433 500 

Oceania ------------------------------------------ 39 47 57 71 

Table – 2 

Data Source: International Energy Statistics, EIA and UN: World Population Prospects, 2015 Revision. 

Population Trend (2007 - 2011) and Projection for 2050 of World, China and India 

(In millions) 

Area 2007 2008 2009 2010 2011 2050 

China------------------------ 1311 1317 1324 1330 1337 1700 

India------------------------- 1124 1141 1157 1173 1189 1400 

        
World----------------------- 6631 6708 6786 6863 6940 9725 

Around 3 billion people are expected to rise into the middle class between 2010 and 2040 and more than 80% of projected 

middle class growth will come from China, India and other key growth countries [6]. 

Though, the growth and use of electricity has radically increased but has not reached to everyone during past century. Only 

around 20% of global population in developed countries consumed more than 50% of world’s total energy and one, out of five 

people in the world still has no access to electricity and modern cooking fuels. 

As per United Nation (UN), World Health Organization (WHO) and World Bank, energy access and usage are the key 

indicator of nation’s development.  

Developing countries are densely populated and contribute to over 95% of the world’s population growth which could leads to 

environmental degradation. On the other hand, developed countries are less densely populated and very little population growth, 

but they may cause massive ecological damages by wasteful, unnecessary and unbalanced consumption resulting adverse 

environmental effects on both developed and developing countries.[9] 

As per projected growth of global energy demand, China, India and other key growth countries will accounts for 30%, 20% 

and 30% respectively. Global energy consumption rising by 35% from 2010 to 2040 and global energy consumption of 

developing countries is seen increasing by 70% through 2040. 

As per growth of global electricity demand, it is projected to increase by 85% from 2010 to 2040. (Figure: 1) China, India and 

other key growth countries electricity demand will rise steeply and it will be ¼ th. of world’s electricity demand.  At present, 

China is the world’s largest electricity consumer and its demand is projected to grow more than 140% from 2010 to 2040.[6] 
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Fig. 1: Data source the outlook for Energy: A view to 2040 

Eco-system or Environmental degradation consists of the degradation of air quality, land and water due to inefficient and over 

exploitation of natural resources. 

Power generations to meet the growing population need by utilizing natural resources like fossil fuels are the major cause of 

Environmental degradation. If we consider Figure; 2,  as the share of power generation by source in 2010 and Figure: 3 & 

Figure: 4,  as the projection for the year 2025 and 2040 respectively, we may come to an conclusion that electricity generation 

always dominated by coal fired power plants worldwide. 

 
Fig. 2: Data source: The Outlook for Energy: A view to 2040 

 
Fig. 3: Data source: The Outlook for Energy: A view to 2040 
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Fig. 4: Data source: The Outlook for Energy: A view to 2040 

Production and use energy represent the largest source of greenhouse gas (GHG) emissions worldwide which is about 71 % of 

the total GHG worldwide in 2010 followed by agriculture about 13%.  Forest plants absorbing CO2 and offsetting emissions 

from other sources and representing as a net sink for emission. But it is largely affected by land use change and deforestation. 

Net emissions of CO2 increased by 42% between 1990–2010. It is important because carbon dioxide accounts for about 3/4th of 

total global emissions. N2O emissions will be increased by about 9% and CH4 by 15%. Emissions of fluorinated gases also more 

than doubled. CO2 emissions are increasing faster in Asia, Europe and United States (US) which together contributes 82% of 

total global emissions in 2011.[13] 

Production of power (electricity and heat) from any energy sources and its consumption plays a vital role in the socio-

economic development of any country. The production and consumption of electricity leads to environmental impacts. One of 

the major concerns now-a-days is global warming or the greenhouse effect which is an environmental issue that deals with the 

potential for global climate change due to abnormal rise of atmospheric greenhouse gases. 

At present scenario, with populations increasing and industrialization occurring at a rapid rate, the global electricity demand 

has been rising and resulting a greater focus on increasing power generation capacity 

The United Nations (UN) Conference on Environment and Development (1992) acknowledged population growth, rising 

income levels, changing technologies, increasing consumption pattern will all have adverse impact on environment.[9] 

Globally, a major portion of the power is generating in the power plant by burning fossil fuels.  Fossil fuels like Coal, Oil and 

Natural gas are the main primary fuel source for generating power. 

In 2014, the global installed capacity of thermal power reached to 3759 GW from 2857 GW in 2006 with the compound 

annual growth rate (CAGR) of 3.5%. and the global installed capacity of coal-fired power generation increased from 1375 GW 

in 2006 to 1874 GW in 2014 and is expected to reach to 2618 GW by 2025.(Figure: 5) 

 
Fig. 5: Data Source: Cleaning up the coal-fired power market Global Data, India., Published on 13/07/2015 

http://www.worldcoal.com/special-reports/13072015/Cleaning-up-the-coal-power-market- 2551/ 
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Coal plays an important role in meeting global energy demand. Around 25% of global electricity generation comes from coal 

and it is likely to remain a key fuel source for power generation in many countries, especially in developing countries. 

Asia-Pacific was the leading region in terms of installed coal power capacity at the end of 2014, with a market share of 64%, 

followed by North America with 19%, and Europe, the Middle East and Africa, and South and Central America with a combined 

share of 17%. In 2025, Asia-Pacific will continue to lead the global coal power market with a share of 75%. 

The top 10 coal power-generating countries accounted for over 85% of the world’s total cumulative installed coal power 

capacity in 2014. China and the US are the leading coal power markets with shares of around 45% and 18% respectively and are 

expected to retain their top positions in 2025 

Countries with abundant coal reserves, such as China, India, Poland, and South Africa, plan to make increased capacity 

additions based on coal to reduce their power deficit. 

During the period 2014 – 2025, China is expected to add 522 GW of capacity and India is expected to add 135 GW. under its 

12th Five-Year Plan.[1] 

In spite increase of power generation, the power deficit is still observed worldwide mainly in under developed and developing 

countries including India. (Table: 3) 
Table – 3 

Data source: Load Generation Balance Report, CEA, Govt. of India http://cea.nic.in/reports/annual/lgbr/lgbr-2014.pdf. 

Power Deficit in India for the Period 2013-14 and 2014–15 

Period Requirement Availability Peak Power Deficit 

 
(MW) (MW) Deficit(MW) (%) 

2013 - 2014 135,918 129,815 6,103 4.5 

2014 - 2015 147,815 144,788 3,027 2 

In April 2013, the peak power deficit was 9720 MW (7.4%) in India due to shortage of supply and demand was maximum.[14] 

World’s total primary energy supply increased tremendously due to the increased use of fossil fuels, global economic and 

social developments resulting a corresponding increase in GHG emission worldwide. 

Even with action by the global community to limit temperature increases to fewer than 2°C, fossil fuels would still provide 60 

% of the world’s primary energy by 2040. Fossil fuels currently provide around 80% of primary energy demand. Coal-fired 

power generation is the largest contributor to CO2 ( a potent GHG) emissions worldwide and currently provides around 40% of 

total electricity output.[15] 

Global total GHG emission increased by 31% during the period 1990 – 2010. In 2010, CO2 (fossil fuels and industrial process) 

accounts for 65% followed by CH4(methane) 16%, CO2 (forestry and other land use) 11%, N2O(nitrous oxide) 6% and F-

Gas(fluorinated gasses) 2%.(Figure: 6) 

 
Fig. 6: Data source: EPA: https://www3.epa.gov/climatechange/ghgemissions/global.html 

Electricity and heat sector accounts for maximum around 25% of global GHG emission [7]. (Figure:7) 
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Fig. 7: Data source: EPA: https://www3.epa.gov/climatechange/ghgemissions/global.html 

Global CO2 emissions increased from 25,613 million ton in 2001 to 36,028 million ton in 2014, due to population growth, 

rising energy demand and the use of fossil fuels. Increased level of GHG emissions and pollution resulting global warming 

which in turn change the climate and degrade the environment.  

Coal, as a dominant source of power accounts for more than 40% of global CO2 emissions. CO2 emissions from coal 

amounted to 14.1 billion tones in 2013 with the cumulative average growth rate (CAGR) of 2.7% between 2006 and 2013 and 

the emissions as an outcome of coal combustion are  

expected to increase at a CAGR of 1% from 2014 to 2020. 

Around 1/4th of global CO2 emissions come from power generation and more than 70% of total emissions for power 

generation are coming from coal-fired power plants - a major emissions producer.[1].  In 2014, CO2 emission from power 

generation, China was in the first position follower by US, EU and India (Figure:8) World total CO2 emission in 2012 was 

32310 metric tons and in 2013 it was 32190 metric tons. 

 
Fig. 8: Data source: Trend in global CO2 emitters, 2015 Report 

At present, power and Industry sector are responsible for over 60% of global CO2 emissions and are dominated by four 

regions such as Asia (30%), North America (24%), the transitional economies (13%) and OECD West (12%)  
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Largest CO2 emitters from stationary sources for 2000 are: Asia at 5.6 Gt CO2/year (41%), North America at 2.69 Gt 

CO2/year(20%) and OECD Europe at 1.75 Gt CO2/year(13%) and all other regions emitted less than 10% of total CO2 

emission.[3]  

The top 4 emitting countries/regions, which together account for almost two thirds (61%) of the total global CO2 emissions are 

China (30%), the United States (15%), the European Union (EU-28) (9.6%) and India (6.6%) with 7.8% growth in 2014, 

compared with 2013.[16] 

In 2013 the World total electricity generation was 23322 TWh. China- 4111 TWh, US- 1712 TWh and India- 869 TWh. Coal 

has the top share followed by oil and natural gas.[21](Figure: 9) 

 
Fig. 9: Data Source: Key World Energy Statistics, 2015 

As per Global Energy Statistics Year Book 2015, China and India are in the first and third position respectively for electricity 

generation in 2014 (Figure: 10). 

 
Fig. 10: Data Source: Global Energy Statistics, Yearbook 2015 

The bulk of emission sources will shift from the OECD countries to developing regions like China, South Asia and Latin 

America between 2000 to 2050.Power generation as bulk of large point sources will account for about 50% of total emission by 

2050. 

According to six illustrative SRES scenarios, global CO2 emissions could range from 29.3 to 44.2 Gt CO2 in 2020 and from 

22.5 to 83.7 Gt CO2 in 2050. 

In power sector, coal currently is the dominant fuel and it accounting for 38% of electricity generated in 2000 with hydro 

power 17.5%, natural gas 17.3%, nuclear 16.8%, oil 9% and non hydro renewable 1.6%. Coal is projected to remain the 

dominant fuel for power generation (36%) in 2020. (Figure: 11)[3] 
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Fig. 11: Data Source: IPCC Special Report on Carbon dioxide Capture and Storage 

Coal is the main source of energy in most of the developing countries like India which is always short of energy for the 

purpose of development process and therefore coal mine planning becomes necessary to carry forward this development process. 

 Coal-Fired Power Generation and Consequences 

Causes of environmental degradation due to power generation from coal starts from the Process of coal mining or extraction and 

refinement of fossil fuel resources, forest area diversion for coal mining, construction of coal fired power plants, transportation 

of coal at the power plants, operation by burning/combustion of coal as fuel to generate electricity, construction & maintenance 

of power transmission line and finally, fly ash, solid and liquid waste generation. 

Coal remains one of the important sources of energy. Coal mining degrades the forest land area with the undesirable waste 

materials in the form of overburden dumps and in turn it replaces the ecosystem in the mined area. 

Coal mining causes deforestation and releases toxic amounts of minerals and heavy metals into the soil and water. Effects of 

coal mining remain for years after coal is removed from the mine.  

Globally, there are two types of mining are widely used: Open mining and Underground mining  

 Effects of Open Cast Mining 

Open cast mining destroys landscapes, forests and wildlife habitats because it cleared trees, plants, and topsoil from the mining 

area and leads to soil erosion and destruction of agricultural land. Rain water washes out and carries the loosened top soil into 

streams, resulting sediments and pollute waterways which leads to flooding and hurt fish and plant life downstream. 

Water held from the mine destroyed water table and watersheds which are contaminated with chemicals and in turn it 

contaminates the ground water and polluted mined area by dust caused by open cast mining. The result of all this is barren land 

that stays contaminated long after a coal mine shuts down and a large scale land disturbance is seen. 

In the US, between 1930 and 2000, coal mining altered about 2.4 million hectares (5.9 million acres) of natural landscape, 

most of it originally forest. In China, coal mining has degraded the quality of land of an estimated 3.2 million hectares, according 

to a 2004 estimate. [47] 

 Effects of Underground Mining 

Huge amount of waste earth and rock from Underground mine brought to the surfaces which become toxic when it comes into 

contact with air and water. It causes subsidence as mines collapse and the land above it starts to sink. It lowers the water table, 

changing the flow of groundwater and streams.  

In Germany for example, over 500 million cubic meters of water are pumped out of the ground every year. Major portion of 

that water and the worse is that removing so much water creates a kind of funnel that drains water from an area much larger than 

the immediate coal-mining environment. Coal mining also produces greenhouse gas emissions. 

 Coal Mine Methane (CH4) 

Most of the coal mine methane (CH4) comes from underground mining. In compare with CO2, coal mine methane is less 

prevalent in the atmosphere but 20 times more powerful CO2 as a greenhouse gas.  

In China, 95% of coal mining is underground mining and about 300 of the state-owned mines are classified as methane-

outburst prone. Worldwide emissions of coal mine methane are expected to increase by 20% in the next 12 years. 
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 Coal Fires 

Coal fire rises surface temperature and contaminates groundwater, soil and air. Underground coal fires can burn for centuries, 

filling the atmosphere with smoke consists of carbon-monoxide (CO), carbon-dioxide (CO2), methane (CH4), sulphur dioxide 

(SO2), nitrous oxides (NOx) and other greenhouse or toxic gases as well as fly ash from vents and fissures.  

In Indonesia, the fires that are used to clear large tracts of rainforest have ignited over 300 coal fires since the 1980s. China 

has the world’s most coal fires, while India accounts for the world’s greatest concentration. In China, between 15 and 20 million 

tons of coal burn uncontrollably each year, accounting for 0.1%-1.0% of the world’s human-induced CO2 emissions.[47] 

 Acid Mine Drainage 

Acid mine drainage is created when water mixes with coal and other rocks unearthed during mining, taking on toxic levels of 

minerals and heavy metals. This toxic water leaks out of abandoned mines to contaminate groundwater, streams, soil, plants, 

animals and humans. It can blanket the river, estuary or sea bed killing plants and making surface water unusable as drinking 

water. Sources of acid mine drainage can remain active for decades or centuries after a mine closes. 

In India, one of the major cause of environmental degradation due to mining operation is diversion of forest area. During last 

30 years (1981-Aug.2011) mining alone responsible for 18% of total forest clearance in India.(Figure: 12). 

 
Fig. 12: Date Source:  Forest and Environment Clearance, CSE, New Delhi 

During 10th FYP, forestland diverted or granted forest clearance (FC) for all mining projects were 29,000 ha. But, during 11th 

FYP, granted forest clearance was around 31,500 ha only for coal mining projects in India. (Table: 4)[33]. 

Table – 4 
Source: http://www.cseindia.org/userfiles/EIA%20and%20forest%20clearances%20Part%20II.pdf 

State 
No of projects granted in principal 

clearance 

No of project granted final 

clearance 

Total no of 

projects 

Forestland 

diverted 

 (in ha) 

Andhra Pradesh 6 13 19 5,139.82 

Chhattisgarh 11 11 22 12,120.687 

Jharkhand 16 26 42 6,949.2056 

Madhya Pradesh 19 12 22 5,559.21 

Maharashtra 3 1 4 407.04 

Orissa 2 7 9 1,267.528 

West Bengal 1 0 1 4.89 

Total 49 70 119 31,488.38 

India has sanctioned many mining projects during 11th FYP and by this only last 5 years duration and it has reached to a 

noticeable position is more than 24% out of total accepted forest land clearance/diversion for different purpose.(Figure: 13). 
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Fig. 13: Data Source: Forest and Environment Clearance, CSE 

It was found that an unprecedented rate of clearance in the last five years (2007-2011; 11th FYP);  In this period around 8,734 

projects granted forest clearance and 1.98 lakh hectare (ha) of forest land diverted, which was 24.3% of all forest land diverted 

for development projects since 1981. Pace of forest land diversion doubled in one single year in 2009. As much as 85,849 ha of 

forest were granted clearances. It is highest in any one year since 1981. 

During 11th FYP, total forest area diverted 1, 97,908.07 ha and for mining it was 48,537.39 ha. which was around ¼ th (25%) 

of total forest area diversion and for coal mining it was around 31,500 ha. which was 16% of all forest land diversion and around 

65% of forest land diversion for total mining in India.(Figure: 13A )[48]. 

 
Fig. 13: AData source: http://www.cseindia.org/userfiles/EIA%20and%20forest%20clearances%20Part%20II.pdf 

Use of fossil fuel means emission of GHG (Greenhouse gasses), of which world’s focus mainly on CO2 emission as it is a 

potent GHG and responsible for global warming. Top four CO2 emitting countries of the world are China (10.6 Gt of CO2) was 

in the first position, US (5.3 Gt of CO2), EU (3.4 Gt of CO2) and India (2.3 Gt of CO2) was in fourth position.(Figure:14 ) [21] 



A Study on Application of Renewable Energy Technologies for Mitigatting the Adverse Environmental Impacts Generated from Power Generation Units in 

Himalayan Region  
(IJIRST/ Volume 3 / Issue 01/ 035) 

 

 
All rights reserved by www.ijirst.org 222 

 
Fig. 14: Data Source: Key World Energy Statistics, 2015, IEA 

Coal plays a vital and is the biggest single source of energy for electricity generation and its growing rapidly worldwide. 

Currently, 42% of global electricity supplied by Coal-fired power plants and these plants accounts for over 28% of global CO2 

emissions.[22]  

Coal fired power plants holds a major share of emissions (mainly CO2 a potent GHG) worldwide. 

Apart from existing power plants, globally planed new coal- power plants are 2440 and these are alone ( totaling 1428 GW) 

could emit approximately 6.5 GtCO2, which is 16%  - 18% of the total allowed emissions in 2030 (under a 2˚C-compatible 

scenario). If we include the capacity of existing coal-power plants with a technical lifetime beyond 2030, then the total annual 

emissions from coal-fired power generation could reach 12 Gt.CO2 in 2030. Whereas emissions levels from coal power should 

not exceed 7 Gt.CO2 and should preferably stay below 2 Gt. CO2. 

If India stopping new coal fired power plants to be built, it could mitigate 0.7 Gt. CO2, provided low carbon technologies are 

implemented otherwise it will be more than above. China could reduce emissions by 2.2 Gt.CO2 if they cancel 722 planned 

plants.[23] 

In India, 2010, per capita electricity consumption was 700 kWh/capita/yr and Global average was 2100 kWh/capita/yr. 

Estimates indicate that a target of 4000–5000 kWh/capita/yr is the threshold value for achieving a high HDI and quality of life. 

For India, a moderate target of 2600 kWh/capita/yr has been proposed for 2035 as a part of an ongoing national exercise: Energy 

Technology Vision 2035.[24]. In 2014-15, per capita electricity consumption of India touches 1010 kWh/capita/year. In 2006-07, 

it was 672 kWh/capita/year and 1990-2000, it was 355 kWh/capita/year. (Table: 5)[26][27]. 

Table – 5 

Data Source: Annual Report,2013-14(Power and Energy division), Govt. of India, Live Mint, 03 June,2016, E-Paper, 

http://www.livemint.com/Industry/jqvJpYRpSNyldcuUlZrqQM/Indias-per-capita-electricity-consumption-touches-1010 

kWh.html 
Per Capita Electricity Consumption Trend in India 

KWh/Capita/Year 

2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 

672 717 734 779 819 884 914 957 1010 

India still relies on coal for electricity generation by burning of coal as fuel in coal-fired power plants.  Coal accounted for 

nearly 69% of the total electricity generation in 2011 and 59% of the installed capacity in 2013. (Figure: 15 & Figure: 16). 

http://www.livemint.com/Industry/jqvJpYRpSNyldcuUlZrqQM/Indias-per-capita-electricity-consumption-touches-1010
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Fig. 15:                                                                                                  Fig. 16:    

Source: Coal-Based Electricity Generation in India, Corner Stone, The official Journal of the World Coal Industry, 

http://cornerstonemag.net/coal-based-electricity-generation-in-india/ 

In 2011-2012, the Indian power sector used about 400 million tons of coal.  It is almost 75% of the total demand of 535 

million tones. During the 13th FYP (2013–2017) the projected additional installed electricity capacity is 118,000 MW, including 

additional capacity of 69,000 MW of coal-fired power plants which projects the requirement of 730 million tons (including 180 

million tones of imports) of coal annually for the power sector in 2017. [24] 

As per report of the Planning Commission, it is expected that demand for coal will rise to around 937 million tons by 2021-22 

and to more than 1415 million tons by 2031-32.[35] 

The consequences for electricity generation from coal fired power plants by burning huge amount of coal are not only limit to 

excessive emissions of GHG (CO2, SOx, NOx) but also it emits air-borne inorganic particles such as fly ash, carbonaceous 

material (soot), suspended particulate matter (SPM), and other trace gas species (more than 60 different hazardous air pollutants) 

which degrade environment in following different ways: 

On average, one 500 MW coal-fired power plant produces 3 million tons (approx) of CO2. 

Coal-fired power plants are a significant source of sulphur dioxide(SO2) and nitrogen oxide (NOx) too, which are responsible 

for acid rain in the form of sulphuric acid(H2SO4) , nitric acid(HNO3) and increases ground level ozone (O3) as smog which 

causes diseases and extreme weather and in turn it kills fish and aquatic plants when mixed with water body. Forests are also 

affected as direct damage to foliage where soil has been stripped of nutrients by acid rain on forests. As per record, acid rain still 

falls on 30% of the land in China and many of its cities. 

Burning coal in the coal-fired power plants remains the single biggest source of sulphur emission. In 2004, US coal-fired 

power plants release 95% of the 10.3 million tons of SO2 and 90% of the 3.9 million tons of NOx into the atmosphere.  

In India, 2009-2010, coal consumption per unit of electricity was 0.75 kg/KWh. The emissions per unit of electricity were 

estimated to be in the ranges of 0.91-0.95 Kg. CO2, 6.94-7.20 g. SO2 and 4.22-4.38 g. NO during 2001-02 to 2009-10.(Table: 6 ) 
Table – 6 

Data Source: Estimation of Emission from Coal-fired power plants in India by Moti L Mittal 

Emissions and Emission Indicator of Coal-Fired Power Plants in India 

During 2009 – 2010 

Gas Release from Power Plants Emission(2009-10) Emission Factor 

CO2  -------------------------------------------------- 498655.78 Gg. 0.94 Kg/KWh. 

SO2 --------------------------------------------------- 3840.44 Gg. 7.20 g/KWh. 

NO ------------------------------- 2314.95 Gg. 4.34 g/KWh. 

Coal burning power plants releases fine particles such as sulphate, nitrates, ammonia, sodium chloride, carbon and mineral 

dust which are smaller than width of human hair contribute poor air quality and responsible for asthma, cardiovascular and lung 

diseases.  

Coal-fired plants are the single largest emitter of mercury also and accounts for 50% of mercury pollution globally. It settles in 

streams, lakes, rivers and on earth itself. It infiltrates the ground water and in turn it enters into the food chain via algae and 

infects all life into the water body including fish and mammals whose diet includes fish. Mercury affects development of the 

nervous system of infants and young children along with other diseases like blindness, inability to speak etc. Just 1/70th of a 

teaspoon of mercury deposited on a 25-acre lake can make the fish unsafe to eat. [25] [34]. Indian thermal power plants release 

around 65 tons of mercury into the atmosphere. 

Thermal power plants are water intensive. A 500 MW capacity thermal power plant consume 14 million m3 of water yearly 

and for all thermal power plants the withdrawal of water is around 22 billion m3 which is half of domestic water requirement in 

India. Plant with cooling tower in India requires 4 m3 /MWh is much more than the requirement for Chinese thermal power plant 
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(2.5 m3 /MWh). Hot water releases from power plant affects adversely on aquatic species. A typical 600 MW capacity power 

plant with one through cooling system requires 70-80 billion gallons of water and it release back into the nearby lakes, rivers or 

into the ocean which is 20 -250F  hotter than receiving water of cooling tower. Degradation of water quality by any process of 

power generation that changes water temperature is called thermal pollution. Thermal pollution occurs because of the thermal 

power plants (coal, oil and natural gas based), nuclear power plants etc. which releases a large number of heat in to the 

atmosphere every day. A common cause of thermal pollution is the use of water as a coolant in thermal power plants. It returns 

to the natural environment at a higher temperature, decreases oxygen supply and affects the composition of the ecosystem and 

denature the life supporting enzymes. Further, when a power plant start operation or shuts down, the fish or other organism in 

those water resources adopted  in particular temperature range can be killed by the abrupt changes in water temperature known as 

‘thermal shock’.[2]. Water heavily used for coal washing, cooling tower and to carry fly ash from power plant to ash pond or pit 

and contaminates surface and ground water with leachates, heavy metals and other poisonous effluents.  At present thermal 

power plant in India generates around 170 million tons of fly ash. It is projected that, by 20212-22, the plants in India will 

produce around 300 million tons of fly ash. [28][29][30][31][32] 

Not only for electricity generation, has the environmental degradation occurred for transmission and distribution of electricity 

also. 

 Transmission Line 

The forestland clearance or diverted for the construction and maintenance of transmission line responsible for about 4.1% out of 

total forestland clearance for power projects of 9.3% during 11th. FYP. That means, around 40% of total forestland clearance for 

power projects (Figure 13),[48]  

The impacts and environmental degradation by the construction and maintenance of electric transmission facilities are-------    

 Impacts on Land Use Changes 

The construction and operation of transmission lines can lead to significant land use changes in the transmission rights-of-way 

(ROW). There is a permanent loss of cultivation land area. Transmission lines can affect field operations, irrigation, aerial 

spraying, wind breaks, and future land development.  

 Impacts on Forest and Woodland  

Construction and maintenance of transmission line can lead to the permanent removal of woody Vegetation and in some cases to 

the complete conversion from forest ecosystem into bare land or land covered by completely different vegetation communities 

from the ROW. One mile of 100 ft. ROW through a forest results in the loss of approximately 12 acres of trees.  

 Impacts on Wetland and Riparian 

Transmission line construction and maintenance can convert areas of wetland or riparian ecosystem outright, destroy or disturb 

plant and animal communities, and introduce invasive Species. Soil compaction and soil erosion in wetlands and riparian areas 

can alter hydrology. Clearing forested wetlands can expose the wetland to invasive and shrubby plants, thus removing habitat for 

species in the forest interior. 

 Hydrologic Changes 

Transmission line construction can alter hydrology by compacting soil, removing plant cover and altering existing drainages 

which affects soil moisture and surface water availability, aquatic habitats and species. 

 Soil Erosion 

Transmission line construction can lead to soil erosion by removing vegetation cover which reduces soil fertility and leads to 

siltation. 

 Biodiversity Impacts 

It includes habitat conversion and fragmentation, changes in hydrology, soil compaction and erosion. Species in small, rare, 

sensitive, and otherwise critical habitats may be especially affected. 

 Impacts on Wildlife 

The wildlife impacts of transmission line construction and operation include bird electrocutions and collisions, changes in 

predator-prey relations in and along the edges of ROW. 

Destruction of individual plants and animals during construction and maintenance of transmission lines may alter their habitat 

so that it becomes unsuitable. Clearing overhanging trees and brush near the waterway can result in increased water 

temperatures, reducing habitat quality for fish and other aquatic species due to alteration of wetland and aquatic environments.[4] 

[5] 

 Electricity Scenario in India 

In India, total electricity consumed 882592 GWh in 2013-14 with the major share of Industry (386872 GWh), Domestic (198246 

GWh) and Agriculture (159144 GWh) sector. (Figure: 17) 

Considering 2005-06 to 2013-14 electricity consumption, the cumulative average growth rate (CAGR) of Industry, Domestic 

and Agriculture sector was 10.97%, 7.89% and 6.50% respectively with CAGR of total electricity consumption by 8.84%. 

In 2013-14, industry wise consumption of raw coal and lignite was 61579 Million ton (57189+43190) and share of electricity 

sector was 46371 Million ton which is around 75.30%. [49] 
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Fig. 17: Data Source: Energy statistics 2015 

 Hydro Projects 

Hydropower projects remain the second largest contributor after thermal power projects among all power sub-sectors. 

In 1996, there were approximately 42,000 large dams in the world. Each decade between 1900 and 1949, fewer than 1000 of 

them were built (ICOLD, 1998) and 800,000 small dams in the world are estimated. In China, there are 24,671 large dams, more 

than any other country, followed by United States (6375) and India (4010) as per ICOLD 1998. 

Since the 1950s, approximately 10,000 km3 of water have been impounded in reservoirs which is equivalent of five times the 

volume of water in all the world’s rivers. The global significance of reservoirs as sources of greenhouse gases depends on the 

total surface area of reservoirs and the flux rates from the major types of reservoirs in different geographical locations. 

Worldwide impoundment of water has reduced sea levels and concentration of water in reservoirs at high latitudes has increased 

the speed of the earth’s rotation and changed the planet axis. [36] 

India has 5,202 large dams and majority of them are located at Indian Himalayan region. According to the Central Water 

Commission (CWC), a large dam is one with height of at least 15m from its deepest foundation to the crest. Himalayan state like 

Uttarakhand alone accounts for 336 hydro projects (98 existing, 41 under construction and 197 proposed projects) with capacity 

of 27,189.56 MW. (Table: 7) 
Table - 7 

Source: South Asia Network on Dams, Rivers and People 

Hydro Power Projects in Uttarakhand: An Overview 
BASIN Existing Hydro Under Construction Proposed Hydropower Total Hydro 

 
Projects Projects Projects Projects 

 
No. of Capacity No. of Capacity No. of Capacity No. of Capacity 

 
Project (MW) Project (MW) Project (MW) Project (MW) 

Alokananda 32 456.97 16 1291.1 74 5199.25 122 6947.32 

Bhagirathi 13 1851.5 13 1084.75 22 801.9 48 3737.75 

Ganga sub-basin 4 173.8 2 1.75 0 0 6 175.55 

Ramganga 12 210.8 0 0 20 408.5 32 619.35 

Sharda 28 427.75 8 0.375 48 12,022.28 84 12450.405 

Yamuna 9 478.195 2 0.14 33 2780.85 44 3259.185 

TOTAL 98 3598.665 41 2378.115 197 21212.78 336 27189.56 

The state also has 47 mini-micro hydro projects. Since 2005, the Arunachal Pradesh government has signed at least 150 

memoranda of understanding on large hydropower projects. [37]   

In Himachal Himalaya, there are more than 400 hydro power projects in five perennial river basins which are spread over 

55,673 km2 of geographical area. Every basin is being excessively exploited which has a considerable impact on environment 

and threatening the lives and livelihood of the Himalayan inhabitants. [38]. 
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Fig. 18: Data Source: EIA Resource and Response Centre 

 Forest Clearance for Hydro Projects 

For hydroelectricity, the total of 99 number Hydro projects been given forest clearance since 1980 up to June 2013 to 

Uttarakhand alone (Figure: 19). A total forest area of 5391.17 Ha or 13321.83 Acres was diverted for Hydro projects. (Figure:  

18)[50]  

During last 5 years (2008 – June, 2013), the total forest diversion in Uttarakhand was 351.14 Ha only for 21 nos. projects. 

 
Fig. 19: Source: EIA Resource and Responce Centre 

In Himachal Pradesh, from 1981 – 2012, more than 10,000 Ha of forest land have been diverted for hydropower projects, 

mining, roads and other projects. Despite of continuous protest by the people at the proposed site of the power house at Kee 

Nallah near Holi village, the MoFF has given clearance to the projects which requires the diversions of 78 Ha of rich forest land 

and the felling of around 4995 trees. [51] 

In Jammu & Kashmir, as much as 12,025 Ha of forest land diverted since 1991. As many as 60% – 70% of the forest 

clearance in the last 5 years have been for roads, followed by hydropower projects and transmission lines. [52] 

One of the important causes of environmental damages obviously due to inefficient use of forest resources by locals but, big 

projects like large hydro projects which cause 100 times more damages to environment. Due to huge hydro projects in 
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Himalayan region, rapid deforestation disturbed the natural balance and leads to climate change in that region along with 

destruction of hydrological cycle. 

In hydro projects, a major portion of the water diverted through the long tunnel restricts the water flow (25% - 30%) into the 

river and it leads to the warming up of the valley as the cold water diverted into the tunnel. Further, the long tunnel affects water 

aquifers causing natural springs to dry up. Muck dumping ( generated by the projects construction) is the another cause of 

environmental damages as most of the cases it dumps into the river rather than transport and dump it in suitable selected location 

causing rise of water level in the river and sometimes block the natural water flow leads to massive flood, erosion and destroys 

habitats.[10] 

The main cause of climate change is the global warming as a result of human induced gases or emissions.  

GHG emission, especially CO2 and CH4, from the reservoir for hydro electricity generation are the another issue of 

environmental degradation. Methane is stronger than CO2 and has more than 21 times more global warming potential than CO2. 

The GHG emission at the air-water interface of reservoir varies over time. GHG factor for hydroelectricity generated in tropical 

regions covers a much wider range of values or larger emissions. The lifecycle emission factor for hydropower technologies are 

around 15-25 g CO2e/KWh.[41] 

Large dams and river diversions destroys aquatic habitat and the major cause of overall loss of ecosystem [11].  

Globally, the forest played an important role by providing important ecosystem services like the composition of air, anchor 

soils and prevent erosion, regulate water flow and protect water shades, modify climate and cool the air and provide a habitat for 

millions of species and plants and animals. Most importantly, forests reduce atmospheric GHG by absorbing CO2 and produce 

O2 through the process of carbon sequestering and regulating global climate. 

Unfortunately, we have seen a significant degradation of forest cover and deforestation over the recent decades due to logging, 

conversion to crop land and plantation and natural or man-made disaster such as forest fire, floods and hurricanes. Within this a 

large portion of deforestation is due to direct human activity as a result of increasing economic, social and demographic 

pressures. Logging can lead to a change in microclimate and regional ecosystem characteristics as the original vegetation may 

never regenerate. Deforestation and forest degradation account for as much as 20% of anthropogenic greenhouse gas emissions 

(GHG) and are a significant driver of climate change, which, in turn can impact the health of the global ecosystem.[17] 

As per Global Forest Resource Assessment, 2015, the world had 4128 million ha of forest in 1990 and it decreased to 3999 

million ha by 2015, a loss of 129 million ha of forest area and a total area about the size of South Africa.[18]. In 2010, world’s 

total forest area was over 4 billion ha with the average of 0.6 ha of forest per capita (Figure: 20) [19]. 

 
Fig. 20: Data Source: Global forest resource assessment, 2010, Main report 

The five world’s most forest rich countries are Russian Federation, Brazil, Canada, US and China are accounted for 53%. 

Europe including Russian federation accounts for 25% followed by South America 21%, North & Central America 17% within 

which Russian Federation alone accounts for 20% of World’s total forest area. [19]. Figure: 21 shows the top 10 forest rich 

countries of the world. 
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Fig. 21: Data Source: Data Source: Global Forest Assessment, 2010, Main Report 

Between 2010 and 2015, there was a net annual decrease in forest area of 3.3 million ha/year and natural forest decreased by a 

net 6.6 million ha/year (considering annual loss and annual gain of forest area)  

In 1990, fuel wood removal was around 1.15 billion m3 (41%) and in 2011 it was around 1.47 billion m3 (49%) out of total 

annual wood removal of 2.8 billion m3 and 3.0 billion m3 respectively. The trend shows the fuel wood consumption are 

increasing out of total forest removal and over the last 25 years global carbon stock in forest biomass decreased by almost 17.4 

Gt (gigatonnes) due to conversion to other land uses and forest degradation.[18].  

Biomass accounts for approximately 14% of total energy used globally. It is the largest energy source and principal 

component of energy for the 3/4th of world population in developing countries including India. Traditionally, people of the 

Himalayan region have been fulfilling their energy needs almost 90% from forests as biomass resources. Fuel wood as biomass 

is most attractive and it is the only source of energy for many people living in Himalayan Mountains because it is free and easily 

accessible and simple to use.  

According to one estimate, firewood accounts for over 54% of all global harvests per annum, suggesting a significant forest 

loss and due to an ever increasing population, fuel wood consumption is increasing rapidly in the watershed area. 

Himalayan region is experiencing scarcity of fuel wood due to over exploitation. The per capita annual consumption of dry wood 

in various parts of the Himalayas varies between 500 to 1200 kg /capita/ years. About 77.4% of the total rural populations in 

Garhwal Himalaya, fuel woods are collected from nearby forests, the only source of energy in this region. The commercial 

energy like kerosene and electricity consumption consists of only 1.41% of the total.  

Burning of biomass fuel is responsible for the emissions of GHG such as, CO2, CH4, CO, N2 O, NOx and NO. As per study, 

the quantity of fuel wood consumed by the watershed communities at different altitudes was 3320.05 t dm/year resulting the total 

deforestation of 1747.40 m3. Due to combustion of this fuel wood, the emission of different gases was 1494.02 ton Carbon, 

5478.09 ton CO2 , 209.16 ton of CO, 23.90 ton of CH4 , 0.16 ton of N2O, 5.94 ton of NOx  and 3.87 ton of NO.(Figure: 22) 
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Fig. 22: Data source: International Journal of Current Engineering and Technology, Vol.5, No.1 (Feb 2015) 

It has been reported that tree felling for fuel wood accounts for the largest share of wood use in developing countries causing 

rapid deforestation [39] 

The consumption of fuel wood increased with increasing altitudes as 541.8 (500-800 m), 554.97 (800-1100 m) and 557.71 

kg/capita/year (1100-1500 m)                  

The consumption of biomass as fuel in many developing countries are identified as one of the most significant cause of forest 

degradation. Indian sub-continent alone requires about 274 million m3 of fuel wood annually. In India, fuel wood demand has 

increased from 60 million tons in 1991 to 158.45 million tons in 2000.The fuel wood demand in the country ranges from 96 to 

157 million tons annually, (including rural demand of 80-128 million tons) with the ranges of consumption level 148-242 kg 

/capita/year but, consumption of dry wood in various parts of the Himalayas is reported to be much higher, ranging between 500 

and 1200 kg/capita/year.[40] 

The Himalayan environment is suffering from continuous deforestation and soil erosion which is threatening the biodiversity 

of Himalayan region. One of the causes of severe deforestation in this region is the use of fuel wood as the primary source of 

energy for domestic and commercial purpose, rapid population growth and poverty.  

As per Global forest resource assessment, 2010, the forest store more than 650 billion tones of carbon worldwide within which 

44% of biomass, 45%  present in the soil and 11% present in dead wood and litter. (Figure: 23). Globally, carbon stock in forest 

biomass estimated to decrease by 0.5 Gt /year during 2005-10. [19]. 

 
Fig. 23: Data Source: Global Forest Assessment, 2010, Main Report 

In the context of the developing countries in general and mountainous in particular, forests are the chief source of livelihood. 
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Himalayan forests help to capture atmospheric moisture annually in the form of snow to regulate river flow and to reduce 

erosions and sedimentation downstream.  

Indian National Forest Policy (NFP) of 1988 aims at maintaining 66% of geographical area with hills under forests. But, 

present forest cover of 31.05% (Table: 8 ) of the total geographical area of the Indian Himalayan states thus way behind the 

target set by NFP, 1988.[20]. 
Table – 8 

Data Source: Indian Journal of Forestry, Vol.32(1), 1-5, 2009 

Distribution of Forest in Indian Himalayan Region 

Himalayan State Geographical Area Total Forest Cover Share of Geographical Area 

 
(Sq. Km) (Sq. Km) (In %) 

Arunachal Pradesh 83,743 67,777 80.93 

Himachal Pradesh 55,673 14,369 25.81 

Jammu & Kashmir * 222,236 21,273 9.57 

Sikkim 7,096 3,262 45.97 

Uttarakhand 53,483 24,442 45.7 

Total 422,231 131,123 31.05 

India Total 3,287,263 677,088 20.6 

* Including illegal occupation by China and Pakistan 

Climate change in Himalayan region is due to higher concentration of GHG and CO2 as a potent GHG is responsible for 

global warming.  

It has been accounted that approximately 15,000 glaciers are found throughout the Himalayan region and India alone has 

9,579 glaciers.[44][45]. Himalayan glaciers cover around 3 million hectors of area with the storage of about 12,000 km3 of 

freshwater from glacial snowfall and form a unique water reservoir. Globally, Himalaya is considered as a third pole after North 

and South Pole. Glaciers of Himalaya melt at very faster rate. If the earth gets warming at the current rate then it will affect 

glaciers by disappearing some of them and the total glacial area will likely to shrink from 5,00,000 to 1,00,000 km2 by 

2035(WWF 2005). The primary reason for receding and thinning of Himalayan glaciers are global warming due to higher 

concentration of GHG emissions in the atmosphere. [46] 

Glaciers, ice, and snow cover 17% of the Greater Himalayan region and are receding more rapidly than the world average 

[43]. Between 1970 and 2000, 9% of glacial ice volume was lost and during the period from 2003 to 2009, they lost about 170 

Gt. of water due to global warming. [42] 

 Consequences 

The rising of temperatures and loss of ice and snow in the Himalayan  region are affecting water availability , biodiversity, shift 

of ecosystem boundary , unpredictable seasonal change, loss of soil carbon. Climate change will also have environmental and 

social impacts that will likely increase uncertainty in water supplies thus reduce water security. 

II. CONCLUSION 

The reasons for Global environmental degradation are power generation from fossil fuel (mainly from coal-fired power plants) 

and hydro power generation, deforestation or forest clearance for mining and hydro projects, forest area degradation for fuel 

wood and fodder collection.  

Burning of coal releases maximum CO2, responsible for global worming leads to climate change and environmental 

degradation and reduction of forest area reduces the carbon storage capacity in the plants and reduce the absorption of CO2.  As a 

result, there is a long gap between CO2 emission and CO2 absorption in the atmosphere. 

Himalaya is experiencing massive deforestation due to development of huge large hydro projects, fuel wood and fodder 

collection within a short span. Fuel wood burning releases CO2 and fuel wood collection reduces forest area. The resultant is, 

increase CO2 and reduce CO2 absorption capacity by the forest trees thus initiate the global warming. 

To protect environment and limit the GHG emission, no more coal-fired and hydro power projects are to be build and existing 

power plants are to be upgraded with new technology. Hydro projects may not be the way to limit the environmental degradation 

especially in the Himalayan region. Power generation from alternative energy sources like solar and wind might be the efficient 

way to protect environment of Himalayan region. 
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