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FAQs ON COAL & 
SUSTENANCE OF  

COAL QUALITY

1Sr. Manager (QC)/WCL-Rtd
Author & Corporate Trainer
Consultant-Coal Quality & Allied Matters

Abstract

Coal, indisputably nature’s non-renewable gift to the mankind, 
has earned a position and place for itself in the world energy 
scenario that it continues to remain as the inevitable primary source 
of energy for a few more decades, more particularly so, in the Indian 
subcontinent* (consisting of India, Pakistan, Nepal, Bhutan and 
Bangladesh). Being mis-propagated as the villain to the survival 
of humans, it may not be any exaggeration if it is said that coal, 
in fact, is the major source fuel that presently provides bulk of the 
energy essential for the very survival of the modern man! As far as 
the scenario in our country is concerned, domestic coal production 
has long been the cornerstone of our energy security policy. 

India is the second largest consumer of coal, and coal has hitherto 
played a crucial role in India’s energy sector, accounting for 55% of 
the country’s energy needs and over 75% of its electricity needs. With 
significant availability of indigenous coal reserves and affordability, 
coal is likely to continue as the primary source of energy for a 
considerable period of time to meet the developmental needs of the 
Nation’s rising economy (Source: Niti Aayog’s Sept-2021 Report of 
the Inter-Ministerial Committee on Just Transition from Coal). 

Even globally speaking, coal today remains the largest energy 
source for electricity generation, steelmaking and cement production 
– maintaining a central role in the world economy. At the same time, 
coal is the largest source of man-made carbon dioxide (CO2  ) emissions, 
and curbing consumption is essential to meeting international climate 
targets (Source: IEA’s annual coal report: Coal 2023).

Tadimalla H Mohan Rao1

*	 A subcontinent is an area that stands out distinctively from the rest of 
the continent, both geographically and culturally.
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Perusal of above observations made by two different authoritative 
sources in their two separate reports would reveal that we are at a 
cross roads as to whether to go for the continued use of coal to meet 
our energy requirements, or to curb using coal in the wake of the 
warning issued by the global watchdog, that made coal singularly 
responsible for CO2 emissions. Needless to say, prudence calls for 
curbing CO2 emissions rather than coal use, since the nation cannot 
afford to move away from use of coal in the near future. Need of the 
hour, therefore, is the indispensable need of delivering coal in the 
grades notified and its qualitative use, by which the associated ill 
affects can be substantially minimized. Effective usage of coal requires 
a thorough knowledge about its different quality characteristics right 
from its formation stage, to its classification, gradation, till its end 
use, and more importantly, even after its end use.

In this regard, it may be apt to quote from the concluding remarks 
from Chapter C (An Introduction to Coal Quality) of “The National 
Coal Resource Assessment Review” by Stanley P. Schweinfurth of 
the U.S. Geological Survey… 

Quote :

“Although much is known about coal quality, much also remains 
to be learned. To this end, research on coal quality is being conducted 
in both the public and private sectors. Current studies encompass 
all aspects of the origin, burial history, and composition of coal 
in order to understand the various factors involved in determining 
coal quality, such as how and where to find the most appropriate 
coal for a specific use and how to clean coal to make its use more 
environmentally and industrially acceptable. In the past, the only 
consideration given to coal quality was whether coal lumps held 
together during shipping, burned easily to produce a hot fire, and 
did not produce too much ash.  

Today, however, concerns about human health, the environment, 
energy demands, and the supply of certain raw materials have 
broadened our concept of coal quality and have increased our need 
to know much more about the origins, nature, and effects of coal 
quality. Fortunately, recent advances in analytical capabilities have 
made the task of understanding the intricacies of coal quality much 
easier to achieve. An extensive evaluation of coal quality must be 
central to coal use. Whatever coal is used for—whether for the direct 
production of energy, chemicals, synthetic fuels, or the recovery of 
useful minerals—and whatever problems and solutions accompany 
that use, depend on the quality of the coal. Thus, additional, 
sophisticated, multidisciplinary research on coal quality is required 
for the future.
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The results will help make it possible for society to continue to 
benefit from the good qualities of coal and to make progress in 
avoiding the undesirable effects of coal use. In the near-term, the most 
immediate advancements related to coal-quality research appear to 
be improvements in the efficiency of coal use (including more efficient 
production of synthetic fuels) and the development of methods to best 
understand, and thus control, the less desirable components in coal 
that have the potential to contribute to environmental degradation 
and adverse health effects.” 

Unquote:

Stanley P. Schweinfurth’s remarks notwithstanding and as very 
rightly put by him, the ultimate need is to make use of this abundant 
gift of the nature less harmful to humans and nature, and more useful 
for general welfare. With this thought ruling high, an attempt has 
been made to put at one place all content that is related to coal, 
its formation, and ways and means of sustenance of its quality and 
other related information in an easy to understand Question-Answer 
format. The whole content has been crisped into 40 FAQs with 
relevant answers. It’s earnestly believed, the ensuing paper would 
provide the reader suitable information in this context to the extent 
necessary. It’s hoped, this paper would qualify to be visited for quick 
reference by all those already from the ranks of the coal industry who 
are responsible for ensuring delivery of coal in the grades notified. 
More particularly, the paper would be a ready reference tool for 
the new joinees of the coal industry, providing everything about the 
product of their industry in a nutshell, about which they are supposed 
to have complete awareness...
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What is coal? 
Q 1

Coal is a secondary rock, an organic 
compound formed from plant remains. Coal 
begins as peat, which forms in mires. A mire 
is a swampy environment that contains the 
conditions necessary to allow peat to form 
and collect into more or less thick beds. 
Peat is converted to coal through a long 
and complicated process. A precious non-
renewable fossil fuel, coal is the stratified 
accumulation of carbonaceous matter 
derived from vegetation, occurring beneath 
the earth at varying depths, quality of coal 
becoming higher with increasing depth. 

Ans

What are the factors that determine 
the quality characteristics of coal? 

Q 2

The original plant matter, degree of 
decay, weathering before burial, heat, 
pressure, degree of alteration after burial, 
and the degree of presence of the 4 macro 
constituents of macerals (Vitrain, Clarain, 
Durain and Fusain) are the factors that 
determine the quality characteristics of coal. 
Together all these factors constitute the total 
internal chemistry of coal formation.

Ans

Why Coal is so complex?
Q 3

Coal is complex because of the wide 
variety of the complex factors listed above 
that determine its quality. These factors 
additionally include (1) the extent of 
preservation of the plant matter, (2) the 
geometry and location of the mire, (3) the 
mineral matter that accumulated with the 
plant material or that was introduced at some 
later stage, and (4) the complete process of 
coalification.

Ans

What coal is composed of?
Q 4

   Coal is composed of complex mixtures 
of organic and inorganic compounds. The 
organic compounds, inherited from the 
plants that live and die in the mires, are 
huge in numbers. These are composed of 
the elements carbon, hydrogen, oxygen, 
nitrogen, sulphur, and trace amounts of 
a variety of other elements. Although 
only a few elements compose the organic 
compounds found in coal, these compounds 
are extremely complex and play a key role 
in the coalification process. 

The more than 100 inorganic compounds 
in coal were either introduced into the mire 
from water-borne or wind-borne sediments 
or were derived from elements in the 
original vegetation. After plants decompose, 
the inorganic compounds remain in the 
resulting peat. Some of those elements 
combine to form distinct minerals, such as 
pyrite. Coals may contain as many as 76 of 
the 90 naturally occurring elements of the 

Ans
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periodic table; however, most of those elements 
usually are present in only trace amounts (on the 
order of parts per million). Occasionally, some 
trace elements may be concentrated in a specific 
coal bed, which may make that bed a valuable 
resource for those elements (such as silver, 
zinc, or germanium). Some elements, however, 
have the potential to be hazardous (for example, 
cadmium or selenium), particularly if they 
are concentrated in more than trace amounts. 
Although as many as 120 different minerals have 
been identified in coal, only about 33 of them 
are commonly found in coal, and, of these, only 
about eight are abundant enough to be considered 
major constituents. These are: Quartz, Kaolinite, 
Illite, Montmorillonite, Chlorite, Pyrite, Calcite, 
and Siderite. 

How coal acquires mineral matter?Q 5

The living plants in a peat mire absorb 
mineral matter from (1) the soil they 
grow in, (2) the water of the mire, and (3) 
introduced mineral matter, such as water-
borne or wind-borne sediments, or volcanic 
ash. 

Ans

What is epigenetic mineralization?Q 6

Introduction of mineral matter into 
coal seams by low temperature processes 
after the coal bed was formed is known as 
epigenetic mineralization. In this process, 
ions in moving water are introduced into 
fractures (called ‘cleat’), and along bedding 
planes in the coal bed, and minerals are 
deposited when the water lost its ability 
to maintain these mineral-forming ions 
in solution. This could occur when the 

Ans

ion-bearing water entered a different 
temperature and (or) chemical environment. 
Epigenetic minerals commonly include pyrite, 
calcite, siderite, and kaolinite, and, in rare cases, 
sphalerite and galena.

What are Coal balls?Q 7

Coal balls result when mineral matter 
(such as calcite, pyrite, or siderite) infuses 
and mineralizes (petrifies) a small volume 
of peat before it is compressed. Coal balls 
often contain coalified plant materials that 
have maintained their original structures 
because the mineral matter has prevented 
compression and degradation of the plants. 
Coal balls, therefore, can be used as an aid in 
connecting the degraded, compressed plant 
matter of a coal bed to the original plants.

Ans

What are the Byproducts of coal?Q 8

Coal is a very remarkable and rewarding 
material. In addition to providing heat to 
generate electricity (which is currently the 
primary use of coal), a myriad of other 
beneficial substances are derived from coal. 
Perhaps the best known of these substances 
is coke, which is used in the steel industry to 
separate iron from its ore. Other byproducts 
of coal include coal tar, light oil, ammonia, 
gas, pharmaceuticals, textile dyes, food 
and wood preservatives, and other simple 
or highly complex chemicals, which are 
produced during the production of coke 
by a process called destructive distillation 
(a process in which coal is packed in a 
closed, oxygen-restricted container like 
retort, or coke oven, and then heated to a 
high temperature). 

Ans
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What are Coal Combustion 
Products (CCPs) and what are their 
uses?

Q 9

Coal combustion products (CCPs), 
consisting of fly ash, bottom ash, boiler 
slag, and flue-gas, also have become 
important in the economy. As coal burns, 
it emits sulphur in the form of sulphur 
oxide. FGD (Flue Gas Desulphurization) 
is the process by which a chemical, such as 
limestone (CaCO3), is injected into the flue-
gas stream to trap the sulphur by combining 
with it to produce gypsum (CaSO4). 
Gypsum is heavy and falls to the bottom 
of the FGD unit as sludge in a wet process, 
or as a powder in a dry process. Fly ash is 
used mainly as an additive in concrete; fly 
ash may also be used as structural fill or as 
road-base material and may also be used in 
waste stabilization and mining applications. 
Bottom ash is used mainly as road-base and 
structural-fill material as well as in concrete 
and as grit for snow and ice control. Of 
the boiler slag that is used, most is used 
as blasting grit and roofing granules. FGD 
gypsum is used mainly in wallboard, with 
small amounts being used in concrete and 
agricultural applications.

Ans

What are the theories that suggest the 
formation of coal? Define them.

Q 10

Two theories suggest formation of 
coal. These are: a). In-situ theory, and  
b). Drift theory. In Latin, in-situ  means, 
“in-position.” 

Ans

Under the In-situ theory, coal was formed 
when gigantic trees and other plant matter buried 
for a long period of time straight into the earth. 
As such no pollution occurred by extraneous 
strata, leading to coal seams having remained 
relatively thin (about 15 feet of peat makes 1 foot 
of coal Seam). As such the quality of in-situ coal 
formations is very high. 

Under the Drift theory, coal formation took 
place when the plant matter drifted away from 
the original location due to floods and other 
geological changes. Alternate filling of river 
basins with earth and plant matter led to formation 
of several layers and seams are hence quite thick. 
(Jhingurdah seam of Singrauli with 152 mtrs is 
reportedly the 2nd thickest seam in the world). 
As such the quality of drift coal formations is 
comparatively low.

What was the period of coal formation 
in India?

Q 11

The first coal-bearing rock units 
appeared about 225-345 million years 
ago, at a time known as the Permian and 
Carboniferous (coal-bearing) ages. Further, 
there are extensive coal deposits also 
from the Tertiary, Cretaceous, Eocene and 
Miocene ages - about 7 to 135 million years 
ago. Indian coal belongs to two principal 
geological periods – the Gondwana coal of 
the Permian age (formed about 270 million 
years ago) and the Tertiary coal of Eocene 
to Miocene age (formed about 54 million 
years ago).

Ans
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Which coal 
formation is the 
chief source of 
coal in India? 

Q 12

The Gondwana 
formation of the 
Permian age (formed 
about 270 million 
years ago), which 
accounts for 99% of 
the total coal deposits 
in the country is the 
chief source of coal 
in India, while the 
Tertiary formation 
(formed about 54 
million years ago) 
accounts for the 
balance 1% of coal 
deposits in the 
country.

Ans

What are the potentially workable coal seams that occur in India?
Q 13

Following table highlights the potentially workable coal seams that occur in India:

Coalfields Period of formation Localities in India

Tertiary Coalfields 7 to 65 million years ago
Lignites in Kashmir Valley, Neyveli and 
Rajasthan, and Makum coalfields of Upper 
Assam

Upper Gondwana Coalfields 65 to 135 million years ago Coalfields of Satpura Region

Lower Gondwana Coalfields 225 to 345 million years ago

Coalfields of Raniganj, Jharia, Bokaro, 
Karanpura, Damodar Valley, Mahanadi Val-
ley, Sone Valley, Pench Valley, Pranhita- 
Godavari Valley and Wardha Valley

Ans
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What are macerals? 
Q 14

The particles of organic matter in coal, 
inherited from the remains of plant parts, 
are called “macerals.” These occur as the 
individual micro constituents of coal and 
many different types of macerals can be seen 
in coal. The identification of the original 
plants and their parts (such as bark, roots, 
spores, or seeds) that produced individual 
coal macerals is helpful in determining 
coal quality. However, these connections 
usually are difficult to make because the 
original plant material has been compressed 
or altered beyond recognition during coal 
formation. Macerals are divided into 3 main 
groups, viz., Vitrinite, Exinite and Inertinite. 
These 3 main groups are in turn sub-divided 
into another 3 sub-groups according to 
detailed character of the mineral, as Vitrite 
(mainly Vitrinite), Clarite (Vitrinite and 
Exinite) and Durite (Exinite and Inertinite). 

Ans

What are the 4 macro constituents of 
coal derived from macerals, and how 
they influence coal quality? 

Q 15

Vitrain, Clarain, Durain, and Fusain are 
the 4 macroscopically distinguishable litho-
types (rock-types) derived from macerals. 
These occur within the coal seams as banded 
constituents and their presence strongly 
influences the original (natural) quality of 
coal. Coal quality keeps on decreasing in the 
order of presence of the macro constituents 

Ans

from Vitrain to Fusain, with presence of 
Vitrain contributing to significant increase in 
coal quality, while presence of Fusain adversely 
affecting the coal quality. 

Coals can range in maceral composition from 
mostly vitrinite to mostly fusinite, depending 
on the original plant matter and the degree of 
preservation. Vitrinite-rich coals are shiny, black, 
clean, and are subject to conchoidal fracture like 
glass because of their even texture; they often 
exhibit iridescence (called “peacock coal”) on 
fresh surfaces. Fusinite-rich coals, in contrast, 
are, similar to charcoal-dull, black, friable, and 
dusty.

What are the stages/processes of 
formation of coal?

Q 16

Coal formation occurs mainly in two 
stages; a). Bio-chemical stage or Peat 
formation stage, called the “Humification 
Process,” and b). Geo-thermal stage or coal 
formation stage, called the “Coalification 
Process”.

Ans

What is coalification? 
Q 17

Coalification is a series of chemical and 
physical changes, the process that produces 
coals of increasing rank. Coalification is a 
continuing process involving increase in 
both temperature and pressure resulting 
from burial in the Earth.

Ans
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Which is more important–increasing temperature or increasing pressure–in 
promoting coalification and why?

Q 18

Increasing temperature is considered more important in promoting coalification as higher 
temperatures eliminate moisture and volatile elements, and therefore, help produce coals of higher 
rank and higher heat (calorific) value. Higher temperatures are generally associated with deeper 
burial in the earth, although proximity to an unusual source of heat, such as a volcano, could 
produce similar effects. Coalification affects both the organic matter and the mineral matter in 
coal. As coalification proceeds, organic matter, which is relatively rich in water, oxygen, and 
hydrogen, gradually loses those constituents and becomes relatively enriched in fixed carbon. 
Some of the hydrogen and carbon are converted to methane gas (CH4) in the process. When 
increases in depth of burial and (or) temperature no longer occur, coalification slows and then 
ceases (unless another source of higher heat affects the coal). Thereafter, the coal will remain at 
the same rank if it is raised up again (either by tectonic uplift or erosion of overlying sediments, 
or both) into a region of much lower temperature or pressure. However, once coal is exposed to 
weathering (oxidation), it is slowly reduced to the equivalent of ash.

Ans

The coalification process is further divided into how many sub stages or series? Q 19

Coalification Process is 
further divided into 6 series or 
sub stages, corresponding to the 
amount of heating that takes place 
during each sub stage.  These sub 
stages are:

Peat Lignite (brown coal)  
 Sub-bituminous  Bituminous 
 Sub-anthracite  Anthracite, 
with degree of coalification 
increasing from Peat to Anthracite. 
There is progressive increase in 
maturity/rank and carbon content, 
and progressive decrease in oxygen, 
hydrogen, moisture and VM during 
the above coalification process.

Ans
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What is Cleat?
Q 20

During the process of coalification, sets 
of roughly parallel, closely spaced (from 
fractions of an inch to several inches) 
fractures form in the coal. These fractures 
are called cleat. Cleat tends to form in 
two sets at right angles to one another; 
one set, the face cleat, is dominant, while 
the other set, the butt cleat, may be only 
poorly developed. Cleat is generally well 
developed in bituminous coals, whereas 
lignites and subbituminous coals, both 
less well coalified, generally exhibit only 
developing cleat.

Ans

What are ‘partings’?
Q 21

Distinct, laterally continuous layers 
of mineral matter in coal beds are called 
‘partings.’

Ans

According to the nature of plant 
material, coals are divided into how 
many types? 

Q 22

2 types; Humic (woody) coals and 
Sapropelic (non-woody) coals. The 
coals occurring in the above 6 series/sub 

Ans

What values of coal are determined 
under proximate analysis and why 
proximate analysis is important? 

Q 23

Ash, Moisture, VM (Volatile Matter) and 
FC (Fixed Carbon). Proximate analysis of 
coal gives quick and valuable information 
regarding commercial classification and 
determination of suitability of coal for a 
particular industrial use. 

Ans

stages during the coalification process are 
collectively known as the Humic coals. 

On the other hand, Sapropelic coals are derived 
from sapropels (loose deposits of sedimentary 
rock rich in hydrocarbons) and non-woody 
matter as leaves, spores, cuticles, etc., of plants 
as well as from organic oozes, algae, fungi, etc., 
that accumulate at the bottom of lakes or oceans. 
These coals contain less carbon than normal 
coals and are typically massive and un-banded 
and on distillation, yield petroleum. Hence they 
may be considered as a more or less transitory 
stage between true coal and petroleum. Rich in 
liptinites (microscopic organic matter derived 
from waxy or resinous parts of plants), sapropelic 
coals have high yields of volatile matter so as to 
be ignited by a match.

What values of coal are determined 
under ultimate analysis and why 
ultimate analysis is important?

Q 24

Carbon, Hydrogen, Oxygen, Nitrogen, 
and Sulphur.  Ultimate analysis of coal is 
essential for calculating heat balances in 
any process for which coal is employed as 
a fuel. 

Ans
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According to characteristics, Humic coals are divided into how many classes?  Q 25

 2 classes; coking coal and non-coking coal.
Ans

What is the essential condition of sampling? 
  

Q 26

 The whole bulk of coal to be sampled should be exposed, so that all particles are equally 
accessible to the sampling implement and have the same chance of being included in the sample.

Ans

What is the formula for conversion of Air Dried GCV into Equilibrated GCV?  
  

Q 27

 Air dried GCV is first determined through the Bomb Calorimeter, and then Equilibrated GCV 
is derived from the Air Dried GCV with the help of a formula, in which equilibrated moisture and 
air dried moisture are two separate components. Necessary formula for this purpose is as below:

Ans

Eq GCV = Air dried GCV  X   ------------------(100-Eq M)
(100-Air dried M)

What are the ‘trade names’ and ‘names as per the standard nomenclature’ of 
unwashed non-coking coal in terms of different sizes?

Q 28

 Necessary details as specified in “IS: 437 (1979): Size analysis of coal and coke for Marketing 
(Reaffirmed 2001)”and extracted from the above BIS publication, and as based on the standard 
nomenclature in vogue are as below:

Ans
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Trade Name Name as per Standard Nomenclature Size Range
ROM (Run of Mine) Unscreened coal All sizes (as mined)
Steam Coal Coal, large 250 mm to 25 mm

Slack Coal
Coal, slack (50) 50 mm to 0 mm
Coal, slack (25) 25 mm to 0 mm

Dust Coal, slack (12.5) 12.5 mm to 0 mm

As can be seen from above table, the lower limit of 25 mm in the size range of Steam Coal (Coal, 
large) is overlapping with the upper limit of 50 mm in the size range of Slack Coal [Coal, slack (50)]. 
In view of this, for the purpose of grading and consequent marketing, the lower limit of Steam coal 
(Coal, large) is considered as 50 mm instead of 25 mm, while the last two size fractions, viz., Slack 
Coal [Coal, slack (25)] and Dust [Coal, slack (12.5)] are ignored. 

Thus Steam Coal is the fraction of ROM coal that passes through the screen with 250 mm size 
apertures, but retains on screen with 50 mm size apertures, while Slack Coal is the fraction of ROM 
coal that passes through the screen with 50 mm size apertures, whereas ROM Coal is the unscreened 
coal of all sizes.

Since when the current GCV system of grading and pricing of non-
coking coal in the country has come into force? 

Q 29

Wef 1st January 2012.

Ans

How the gradation of non-coking 
and coking coals is determined?

Q 30

The gradation of non-coking coal is based 
on Eq Gross Calorific Value (Eq GCV) also 
simply called GCV, while the gradation of 
coking coal is based on ash content, and that 
of semi/weakly coking coal is based on ash 
plus moisture content. 

Ans
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As per the current system of coal gradation, non-coking coals have been divided 
into how many grades, and what are their corresponding GCV bands? 

Q 31

 Non-coking coals have been divided into 17 Grades from G1 to G17. 
Following is the GCV table: 

Ans

Sl. No. GCV Band 
(Kcal/Kg) Grade

1 >7000 G1
2 6701 to 7000 G2
3 6401 to 6700 G3
4 6101 to 6400 G4
5 5801 to 6100 G5
6 5501 to 5800 G6
7 5201 to 5500 G7
8 4901 to 5200 G8
9 4601 to 4900 G9
10 4301 to 4600 G10
11 4001 to 4300 G11
12 3701 to 4000 G12
13 3401 to 3700 G13
14 3101 to 3400 G14
15 2801 to 3100 G15
16 2501 to 2800 G16
17 2201 to 2500 G17
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As per the current system of coal gradation, coking coals & semi/weakly coking coals have 
been divided into how many grades, and what are they?

Q 32

 Coking coals have been divided into 8 grades, and semi/weakly coking coals into 2 grades.
Following tables highlight the relevant information: 

Ans

Grade Ash Content
Steel Gr-I Upto 15%
Steel Gr-II >15% and upto 18%
Washery Gr-I >18% and upto 21%
Washery Gr-II >21% and upto 24%
Washery Gr-III >24% and upto 28%
Washery Gr-IV >28% and upto 35%
Washery Gr-V >35% and upto 42%
Washery Gr-VI >42% and upto 49%

Coking Coals: Semi Coking Coals:

Grade Ash + Moisture Content
Semi Coking Gr-I Upto 19%
Semi Coking Gr-II >19% and upto 24%

Benefits of using High Quality 
(Low Ash) Coal

Hazards of using Low Quality  
(High Ash) Coal

	� ensures direct contribution to the legitimate 
profitability of the coal mine

	� meets the stringent environmental requirements

	� guarantees the consequent relief from future 
economic risks

	� caters to generation of the same quantum of 
electricity with much less quantity

	� leads to conservation of the precious natural 
resource for use by future generations. 

	� increases transportation costs

	� cripples the already overloaded rail network

	� increases the scheduled and unscheduled maintenance 
hours of the boiler and consequent costs

	� decreases capacity factors (reduction in plant 
availability time for generation of electricity)

	� Further downstream, higher ash concentrations 
(products of incomplete combustion) coat the power 
station’s ductwork, increase corrosion, shorten the 
plant’s expected life, increase the number of solids 
that have to be collected by emission-control devices 
leading to higher disposal in landfills.

What are the benefits of high quality (low ash) coal and the hazards of low quality 
(high ash) coal?

Q 33

The huge environmental and economic benefits arising out of the sustenance of the natural quality 
of coal lead to a win-win situation for both the colliery and the end-user, thereby serving the true 
interests of the nation.  The benefits/hazards of use of high/low quality coal are appended hereunder:

Ans
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How Mire location, climate and Hydrology affect coal quality?
Q 34

 The geographic location, climate, and hydrology of the original 
peat mire also affect coal quality. Peat mires located close to rivers 
or within river deltas have the possibility of periodic flooding and the 
introduction of large amounts of mineral matter. Mires along coastlines, 
while not as easily subjected to river flooding, may be affected by 
offshore or coastal storms that wash sediment over offshore bars and 
beaches into the mires located behind them. The added mineral matter 
may be disseminated in the peat, may occur as layers in the peat, or 
may cause peat formation to stop. 

Climate and hydrology, which to some extent depend on geography, 
affect the growing season and the amount of rainfall that a mire receives 
and, therefore, help determine the kind of plants that will grow in the 
peat mire.

Ans

What are the Controllable and Uncontrollable factors that affect the 
natural quality of coal? 

Q 35

 The following factors, most common to all the UG-converted 
OC Mines & OC Mines, and even a few UG mines, are categorized 
as uncontrollable and controllable factors.  The focus of the mine 
manager must be on the committed implementation of the controllable 
factors in order to conserve the natural quality of coal, so that grade 
slippage can be effectively checked. These factors, in a nutshell, are 
detailed as under:

Ans
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Uncontrollable Factors
(Geo-mining and natural)

Controllable Factors
(which can be & therefore must be enforced)

1.	 Collapsing of overlying coal seams along-
with sandstone and other contaminants into 
the de-pillared galleries of the UG-converted 
OC Mines due to blasting 

2.	 Presence of fire in the galleries

3.	 Blanketing activity resorted to, as a measure 
to control fire in coal stocks

4.	 Heterogeneity of the quality of coal seams, 
due to presence of several intermittent  thin 
shale/stone bands of varying thickness 
within the coal seams

5.	 Occurrence of faults and other geological 
disturbances in the coal seams

6.	 Slushy nature of OB, which tends to slip 
downwards (in the absence of proper OB 
benches), badly affecting the quality of coal 
seams

1.	 Extraction of coal only after exclusion of thick 
(> ½ Mtr) bands 

2.	 Compulsory Stone/Shale segregation from 
mines’ stocks through manual/ mechanical 
means

3.	 Segregation of the left-over Stones/shale from 
Sidings’ stocks and still carried-over stones/
shale from top of loaded wagons/ trucks

4.	 Loading of wagons/trucks under strict 
supervision (Selective Loading)

5.	 Enforcement of regular fire-fighting measures 
at coal stocks with  high- pressure water jets

6.	 Non-mixing of fresh coal with contaminated 
stock, and separate stacking of fresh coal

7.	 Compulsory routing of clean ROM coal through 
CHPs/FBs

8.	 Sweetening of inferior quality coal with superior 
quality coal so as to ensure the required balance, 
wherever needed

It may be seen from above that occurrence of the uncontrollable factors is outside the domain of 
the mine manager (though point no. 3 is somewhat an exception), whereas the controllable factors 
are the measures that can be well enforced. It’s therefore very important that all these measures are 
regularly enforced with full commitment.

Is it possible to improve the original quality of coal?  
Q 36

 
Yes, may be technically. The total internal chemistry of coal formation which determines 

the natural (original) quality of coal, is an uncontrollable factor. It is therefore very important to 
understand that the original quality of coal, already confirmed during the coal formation stage 
itself needs to be primarily conserved/sustained, by ensuring scrupulous physical/mechanical 
segregation of the associated contaminants before commencement of delivery to consumers. 

Ans
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The affinities of trace elements to either the organic compounds or the minerals 
in coal, affect the quality of the coal. The processes involving crushing, washing, 
leaching, and use of additives, etc., do contribute in improving the quality of coal to a 
certain extent. If trace elements present in coal are organically bound, then it is difficult 
to remove them from the coal by cleaning processes such as crushing and washing, 
which remove only the mineral matter from coal before it is burned. Organically bound 
trace elements may be released only by burning, or by deep chemical leaching, which 
is both very difficult and uneconomical. In contrast, trace elements associated with 
clays or pyrite may be removed largely from the coal by cleaning processes. However, 
credibility of this route depends on how meticulously several issues involved in this 
regard would be taken care of in a sustained way by the operators of the processes 
in question. Out of these four options, the latter two (leaching and use of additives), 
more being the methods put to use at the power house-end before combustion of 
coal, are of less practical concern to the colliery, compared to the former processes, 
crushing and washing.  Suitability of the feed coal forming a decisive role in the coal 
crushing and washing processes, other major factors include huge operating costs, 
inconsistent yield rate, inconsistent quality of yield, huge problems encountered in 
disposal/utilization of the rejects and the consequent very high landed cost. 

All these factors are leading to gradual built-up of reluctance at the power producers’ 
end to use washed coal in a big way, despite the fact that several non-coking coal 
washeries are operating in the private sector.

What does the term RES mean in the context of power generation, 
and what different sources of electricity come under RES?

Q 37

 
RES means Renewable Energy Sources.  These include SHP [Small Hydro 

Power (≤ 25 MW)], BP (Bio Power), U&I (Urban &Industrial Waste Power), 
Solar Power, and Wind Power. The national data regarding RES is maintained by 
the MNRE (Ministry of New and Renewable Energy). 

Ans
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What is the HELE technology? 
Q 38

HELE technology stands for High Efficiency Low Emission technology. In the Paris Climate 
Treaty signed in April 2016, while pointing out that the globe is a witness to the damage being 
caused to the environment world over due to coal mining activities, lot of resentment was 
expressed against continued use of coal for power generation. From mining to coal cleaning, 
from transportation to electricity generation and finally to its disposal as end product, the coal 
mining activity releases numerous toxic pollutants into the environment. As a safeguard to 
the planet against continued use of coal for thermal generation, the signatories to the treaty 
including India have assured a gradual switchover to the HELE technologies during coal-based 
thermal generation so that the emissions can be kept under control. Besides, India has further 
committed to have about 40% of its total installed generating capacity to be non-fossil fuel 
based. Thanks to the untiring efforts of the Govt, India has already fulfilled this commitment 
with the total ‘non fossil-fuel’ based installed capacity in the country already having clocked 
at 43.61% as on 30.06.2023 itself! 

Ans

What are the reasons for significant increase in coal consumption over the years?
Q 39

New capacity addition notwithstanding, deterioration in coal quality in terms of the heating 
value of coal has enormously contributed for increase in coal consumption, which clearly 
implies that the lower the quality of coal, the higher will be the quantity of coal required for 
generation of the same quantum of electricity and vice versa (Source: Siddhartha Bhatt M 
and Rajkumar N, The Journal of CPRI, Vol. 11, No. 4, December 2015 pp. 773-78).

Ans

What are “greenhouse gases”? Is use of coal the only reason for emission of 
greenhouse gases?

Q 40

Carbon dioxide (CO2) and nitrogen oxides (NOx), are known as the “greenhouse gases.” 
These emissions are often attributed to coal use only; however, emission of greenhouse 
gases also results from the burning of any fossil or biomass fuel, such as wood, natural gas, 
gasoline, and heating oil. Therefore, the greenhouse gas problem requires a broader solution 
than just reducing the use of coal. Research currently is being conducted in the United States 
and several other countries including India into the reduction and disposal of CO2 from coal 
combustion. 

Ans
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Carrying Capacity Assessment 
in Coal Mine in respect of Air, 
Water, Noise and Biodiversity
Abhisht Raj1, Nirbhay Bhatnagar2 

Abstract

Carrying capacity is regenerative and assimilative capacity of 
environment of a region to sustain an ecosystem. This paper discusses 
methodology to assess carrying capacity of air, water, noise and 
biodiversity and demonstrates the application of methodology on one 
of Asia’s largest Opencast Coal Mine situated in India.

Introduction

Coal Mines are inherently a polluting industry. 
Primary Environmental Impact from coal 

mining in India includes Land Degradation, Air 
Pollution, Water Pollution, Noise Pollution and 
Ecological & Biological impact on flora and 
fauna in Core Zone and Buffer Zone. Mining is 
a temporary activity lasting over a few years 
but intensity of pollution load is high. Since 
the environmental impact on area of mining is 
high but temporary therefore Carrying Capacity 
assessment of environment becomes essential to 
ensure sustainability of mining operations. 

In the present study, Carrying Capacity of Core 
Zone and 10 km Buffer Zone has been estimated 
for one of Asia’s largest Opencast Coal Mine vis. 
Gevra Coal Mine, which has production capacity 
of 52 million Tonnes Per Year.

Carrying Capacity(CC) of Air, Water, Noise 
and Biodiversity has been assessed by on-field 
collection of environmental data and describing 
environmental status in terms of the data collected 

and comparing it against the carrying capacity 
of the Study Area necessary for sustainable 
coal mining operations. The study indicated 
the available carrying capacity to cater to future 
requirement of coal excavation. It could provide 
a management tool and policy instrument for the 
sustainable coal mining.

The environmental carrying capacity (ECC) 
could be understood as “a concept and tool for 
sustainable development of human settlements; 
(…) a threshold level of anthropopressure, 
which the environment is able to balance and 
withstand without irreversible changes and 
serious degradation” (Świąder, 2018). One of the 
most frequently recommended solutions for ECC 
assessment is the use of environmental indicators 
as Ecological Footprint and biocapacity (Świąder, 
2018).

The ecological footprint (EF) has been 
assessed impact on air, water, noise and ecology 
and biodiversity in core zone and buffer zone of 

1Manager (Environment), CMPDI, HQ, Ranchi,   
2Functional Area Expert (Ecology & Biodiversity), CMPDI, HQ, Ranchi
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the area. Ecological footprint has been assessed 
by estimation of Utilization Ratio of Air Quality 
Parameters, WQI, NDVI, MNDWI, LST maps, 
Ground Water Exploitation analysis and Carbon 
emission study in the core zone and buffer zone of 
Gevra OCP coal mining project.

The biocapacity (BC) measures the nature 
bioproductivity of a given area, which reflects 
the biosphere's regenerative capacity (Lin et al., 
2016; Özbaş Emine Elmaslar et al., 2019) and 
provides ecosystem services, i.e., carbon dioxide 
sequestration (Sylla, 2016). In present study, 
biocapacity has been assessed by estimation of  
availability of carbon Sequestration capacity, 
available Utilization Ratio of Air and Water, 
Estimation of various bio diversity indices. 

The difference between EF and BC could 
identify the state of the environment. If EF or 
CF is higher than BC, it represents the state of 
the environment called an ecological deficit. The 
state of ecological reserve presents the higher 
nature bio-productivity of the given area than the 
demand for resources—BC > EF. A quotient of 
EF and BC equals one represents the minimum 
environmental condition—ecological balance 
(Budihardjo et al., 2013; Galli et al., 2015b). 
However, the minimum environmental condition 
(BC ≥ EF) does not guarantee the maintenance 
and restoration of biodiversity, which is possible 
if 11–75% of productive ecosystems are preserved 
for this purpose (Hoekstra, 2007; Moran et al., 
2008; Ohl et al., 2008).

Methodology & Results

The estimation of ECC can be done by a 
categorical selection of processes for ecological 
resilience and quantification of ecological pressure. 
The following factors have been included in the 
scope of study to assess the ecological resilience 
of the study area:

1.	 Air environment
2.	 Water environment
3.	 Noise environment
4.	 Ecological & Biodiversity carrying capacity

Air Environment Carrying Capacity

Air is a critical resource for humans, plants, 
animals, and all other living organisms within a 
natural habitat. Many air pollutants affect the 
human and plant health such as PM10, PM2.5, SO2, 
NOX, O3 and NOx, by affecting metabolic function 
of both humans as well as plants and also interfere 
with net carbon fixation by the plant canopy. Air 
pollution can affect wildlife indirectly by changing 
plant communities. It can harm wildlife in two 
main ways, 

•	 Affecting the quality of the environment or 
habitat in which they live. 

•	 Affecting the availability and quality of the 
food supply. 

For assessment of air environment carrying 
capacity, air quality data has been generated 
from Eight (08) Air Quality monitoring stations 
as per National Ambient Air Quality Monitoring 
Standards, 2009, for the following parameters:

1.	 PM10
2.	 PM2.5
3.	 SO2
4.	 NOX

The monitored value has been compared against 
Coal mine standards for the station in core zone 
and against NAAQS for stations in buffer zone to 
determine the Utilization ratio as per the formula 
given below:

Utilization Ration (UR) = 	Amount of pollutant 
	 load/ECC.

ECC: Coal mine standards for core zone and 
NAAQS for buffer zone.
 
If UR > 100%, the resources are overused, or the 
environment is overloaded.
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Analysis of result
From the above graphs, it can be inferred that 

there is sufficient carrying capacity with respect of 
Air Environment as remaining carrying capacity 

ranges from 16.9% for PM10 at Chainpur village 
to 80.12% for Sulphur di Oxide at Jamchua village.

Water Environment Carrying Capacity (WECC)

WECC has been assessed both Qualitatively and 
Quantitatively. 
Qualitative WECC has been assessed by calculation 
of Overall Water Quality Index (OWQI).
Quantitative WECC has been assessed by 
calculation of Utilization Ratio (UR) of the mine 
water and calculation of Modified Normalised 
Difference Water Index (MNDWI) of water bodies 
in the Study Area.

“Overall Water Quality Index (OWQI) is 
developed by considering sixteen water quality 
parameters which covers physical, chemical and 
biological aspects of water. The concentration 
ranges, for this purpose, have been defined in 
Indian Standards (IS) and Central Pollution 
Control Board (CPCB) standards also taking into 

account International standards of World Health 
Organization (WHO) and European Commission 
(EC). This OWQI helps in understanding the 
quality of water by integrating the complex 
voluminous data and generates a score to describe 
the status of water quality”(Development of an 
Overall Water Quality Index (OWQI) for Surface 
Water in Indian Context by SURJEET SINGH, 
N.C. GHOSH, GOPAL KRISHAN, RAVI 
GALKATE, T. THOMAS and R.K. JAISWAL). 
The proposed index improves understanding of 
water quality issues by integrating complex data 
and generates a score which describes the status 
of water quality. Based on the status of water 
quality, the index value range from 0 to 100 and 
is classified into five categories as given in the 
following table1:
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Table: 1 OWQI value and corresponding class and water quality

Class OWQI Status of Water
Heavily polluted 0-24 Heavily polluted
Poor 25-49 Special treatment
Fair 50-74 Needs treatment (Filtration and disinfection)
Good 75-94 Acceptable
Excellent 95-100 Pristine quality

In the present study OWQI has been calculated for Surface Water and Ground Water Monitoring 
Stations in core zone and buffer zone for the period Mar-May 2022.

Carrying Capacity analysis of Air Quality has generated the following results

Analysis of result

Qualitative Water environment carrying 
capacity has been assessed by calculation of 
Overall Water Quality Index (OWQI) at Eight 
Ground Water stations and Ten Surface Water 
Stations. OWQI of Groundwater varies between 
84.86 and 95.01. Ground water quality has been 
found to be acceptable at all stations and pristine at 
two stations. All the parameters have been found 
to be within permissible limits. 

OWQI of Surface water varies between 78.57 
and 98.61. Ground water quality has been found 
to be acceptable at all stations and pristine at two 
stations. All the parameters have been found to 
be within permissible limits. The upstream and 
downstream surface water quality has been found 
to be of acceptable quality for all the periods and 
pristine quality for a few periods.
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MNDWI
The Modified Normalised Difference Water 

Index (MNDWI) is used to monitor changes 
related to water content in water bodies. It is an 
improvement over Normalised Difference Water 
Index (NDWI). MNDWI efficiently reduce and 
even remove built up land noise thus it is more 
suitable for enhancement of water in built up land 
areas in the background than the NDWI.1 It is also 
used to differentiate water from the dry land and 
is most suitable for water body mapping. It is a 
remote sensing derived index estimating the leaf 
water content at the canopy level. During drought 
events, vegetation canopy can be affected by 
water stress, which can significantly impact plant 

development in general and can cause crop failure 
or lower crop production in agricultural areas. 

Landsat 8 data is downloaded from USGS Earth 
Explorer. After downloading satellite image raw 
data, atmospheric correction and pre-processing 
is done through QGIS software. The following 
formula is used in preparation of MNDWI maps:

MNDWI = (Green – MIR) / (Green+MIR)

In the present report, MNDWI maps of three 
period vis. May 2013, May 2017 and May 2021 
has been prepared and compared. The Maps are 
as follows:
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The Modified Normalized Difference Water Index Map of pre monsoon period in the month of May 
has been compared for three year vis. 2013-14, 2017-18 and 2021-22. These periods correspond to pre 
EC, pre Expansion and post Expansion period of Gevra OCP. The result has been tabulated as below:

2013-14 2017-18 2021-22
Area of Water Body (in Ha) 1096.92 1255.41 1249.47

Analysis of result
As can be seen from the table, there has been an increase in the Area of Water Body in subsequent 

periods in the study area, thus there has not been any reduction in water environment carrying capacity 
despite increase in production.

Utilisation ratio of Available water Resources

Utilization ration (UR) of ground water of Gevra 
Opencast mine, Dipka Opencast Mine and 
Kusmunda Opencast mine has been calculated 
using the following formula.

UR of available water resources = Amount of 
water consumed/Total available ground water of 
three mines 

If UR is over 100%, water resources are overused.
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Analysis of result
The utilisation ratio of available water resources 

in the study area is 57.36% which is less than the 
reference value of 100%. While 100% indicates 
that the carrying capacity has reached, the idea is to 
never reach 100% and sufficient measures should 

be applied to keep the utilisation ratio within the 
range of current assessment i.e. 60-65%. This also 
calls for regular monitoring of WECC, so that if 
UR is increasing, corrective measures should be 
applied to restore the balance.

Noise Environment Carrying Capacity
Sound is an important environmental parameter 

which affects quality of life of all the living 
organisms including humans, plants and animals. 
Activities such as finding desirable habitat and 
mates, avoiding predators, protecting the young, 
and establishing territories are all dependent on 
the acoustical environment. 

Sound is what we hear, but noise is the unwanted 
sound. In general, a growing number of studies 
indicate that animals, like humans, are stressed 
by noisy environments. Noise pollution makes it 
difficult for them to accomplish their activities, 

which affects their survival. Studies have shown 
that loud noises cause caterpillars’ hearts to beat 
faster and bluebirds to have fewer chicks. Hence, 
Noise Carrying capacity has been estimated in the 
present study to assess the Noise environment of 
the study area.

Noise Carring capacity has been estimated 
using the following formula by collecting Noise 
Level Data at twelve (12) locations in the Study 
Area and comparing it against the permissible 
noise levels as per NAAQS 2009.

Name of 
Noise Moni-
toring Station 
with code

Distance
As per 
Wind  
Direction

Parameter Unit Minimum 
Value

Maximum 
Value

Pre-
scribed 
Standard

N1 Dy. GM 
Office, Gevra 
OCP

- Core Zone Leq(Day) dB(A) 68.1 71.5 75

Leq(Night) dB(A) 56.6 57.3 70

N 2 Adharsh 
Nagar - Core Zone Leq(Day) dB(A) 49.3 53.8 55

Leq(Night) dB(A) 36.7 41.3 45
N 3 Jamchua 
Village 8.49 km Up Wind Leq(Day) dB(A) 48.8 50.1 55

Leq(Night) dB(A) 35.1 37.3 45
N 4 Baraipa-
ra Village 9.67 km Up Wind Leq(Day) dB(A) 46.5 51.3 55

Leq(Night) dB(A) 35 39.5 45
N 5 Nan 
Banka 
Village

11.74 km Up Wind Leq(Day) dB(A) 46.7 51.8 55

Leq(Night) dB(A) 36.4 39.2 45
N 6 
Kontapara 
Village

9.06 km Cross Wind Leq(Day) dB(A) 46.4 51.3 55
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Name of 
Noise Moni-
toring Station 
with code

Distance
As per 
Wind  
Direction

Parameter Unit Minimum 
Value

Maximum 
Value

Pre-
scribed 
Standard

Leq(Night) dB(A) 33.6 38.4 45
N 7 
Ramgurha 
Village

9.09 km Cross Wind Leq(Day) dB(A) 45.5 52.4 55

Leq(Night) dB(A) 34.3 37.8 45
N 8 Chainpur 
Village 4.77 km Down Wind Leq(Day) dB(A) 48.5 52.5 55

Leq(Night) dB(A) 32.7 37 45
N 9 
Dholwapara 
Village

5.04 km Down Wind Leq(Day) dB(A) 47 51.6 55

Leq(Night) dB(A) 35 38.8 45
N 10 
Akrapali 
Village

8.01 km Down Wind Leq(Day) dB(A) 46.5 52.6 55

Leq(Night) dB(A) 35.2 38.8 45
N 11 Burna 
Village 8.93 km Down Wind Leq(Day) dB(A) 47 50.9 55

Leq(Night) dB(A) 35.6 39 45
N 12 Barpali 
Village 12.79 km Down Wind Leq(Day) dB(A) 48.1 50.2 55

Leq(Night) dB(A) 34.6 36.3 45

There is sufficient carrying capacity with respect of Noise Environment as Sound Level has been found 
to be within the permissible standards at all the Noise Monitoring Stations.

Biodiversity Carrying Capacity analysis

The cumulative assessment study is carried 
out in the Gevra area of SECL, where more than 
50 million ton of coal is extracted annually. The 
study is undertaken in order to estimate impact of 
mining and other related activities in this area on 
the water bodies and forest, in the broad sense flora 
and fauna. Related to this study water samples 
are collected 6 different areas (Hasdeo River, 
reservoir, the water canal of the area and a natural 
stream). The phytoplankton and zooplanktons 
were quantified and identified in the laboratory. 
The aquatic macro-organism are also surveyed 
and identified.  The core and buffer zone area 
surrounding mine area is visited, flora and fauna 
details are recorded as per standard Protocol. Four 

species Ostracoda, Twelve species of Copepods, 
Eighteen species of Cladocera, Thirty One 
species of rotifers, Twelve species of Protozoa 
(Zooplankton); Nine species of Euglenophyceae, 
Twenty Four species of Cyanophyceae (Blue green 
algae= cyanobacteria), Twenty Eight species of 
Bacillariophyceae (Diatoms), Twenty Nine species 
of Chlorophyceae (Green algae) – Phytoplankton 
are observed from the six study areas. Reservoir 
built across the Hasdeo River has more number 
of planktons. Hasdeo river water near Korba 
town is contaminated more in the summer months 
due to dumping of wastes, using water for bath, 
washing cloth and automobiles, grazing animals 
etc. More algal bloom formation is observed there. 
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The canal coming from thermal power station is 
also having more blue green algae, the temperature 
of water is also higher ie more than 45O C and emits 
characteristic odour. The water gets cooled when 
3-4 kilometers downstream. The river water 3-4 
km downstream to Korba town is relatively clean. 

Still dumpings of plastics and old cloth in the river 
is observed. The stream water is also relatively 
clean. Forty Six species of macro invertebrates, 
Forty species of aquatic herbs/grasses and Sixty 
species of fishes observed in the water bodies.

Fifteen nos. of 10 x10m quadrat study, general 
survey made in the buffer zone to collect details 
about herbs, shrubs, climbers, trees, birds, 
mammals, rodents, insects etc. Five nos. of 10 x10 
m quadrat survey is carried out in the core zone 
area. Thirteen nos. of  tree species were observed 
in the core zone quadrat. Twenty Six nos. of 
tree species were observed from the buffer zone 
quadrat. The forest type is Peninsular sal forest 
and mixed dry deciduous forest. In the core zone 
old green belt plantations of Eucalyptus, Senna 
siamea, Pithecellobium, Pongamia is observed.

Five species of mammals, Ten species of birds, 
Four species of reptiles have been observed in 
the core zone. Ten species of mammals, Nineteen 
species of birds, Seven species of reptiles, Four 
species of amphibians were observed in the buffer 
zone. No schedule I species were reported from 

the study area. No rare endangered, endemic, 
threatened flora, fauna is observed from this area.

6 locations were studied for phytoplankton and 
zooplankton study during the months of May and 
June 2022. The canal water is very hot in May, the 
temperature is around 45 degree near the thermal 
power station during May month. When it moves 
away the temperature comes down gradually. 
The water is rich in blue green algae. It also has 
unique odour due to its biological composition. 
The river water away from the town is clear and 
with conventional hydrophyte, plankton macro 
vertebrate composition. Near the town the Hasdeo 
river water movement is less, there the level of dust 
dumping, contamination is more. The blue green 
algae, zoo plankton composition is high. At some 
places the algal bloom formation is observed, which 
an indication of polluted water.  In June, after the 
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start of monsoon rain, the water level increased. 
Planktons in the unit area comparative to May 
month became less. The water in the reservoir is 
stagnant, the biological composition is relatively 
balanced. Diatoms, other algae, different type of 
zoo planktons, hydrophytes, macro invertebrate 
population water insects are high, molluscs are 
also observed in the study area. The Nalla is 
relatively small and water flow is observed. It is 
having its normal biological composition. 31 tree 

species are observed in the quadrat studies of core 
zone and buffer zone. 10 mammals, 19 birds, 
7 reptiles species observed. No rare threatened 
species of Flora and Fauna is observed. Usually 
in the wild conditions more than 600 species of 
trees, shrubs, climbers, herbs, grasses, epiphytes 
and parasite species present. As far as fauna is 
concerned (Mammals, birds, reptiles, amphibians, 
fishes, insects, worms and butter flies), it will be 
double the number of species of flora.

The biodiversity index is normal 0.86 to - 
0.99; as the physical condition of different water 
body varies. The water quality of the out let 
of the thermal power plant canal may improve 

further when it is stored in a reservoir and cooled 
through sprinkler overnight and then released. The 
carrying capacity river decreases in summer due 
to less water flow and less water level, which is 
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natural phenomenon. In the monsoon season it 
increases as the water level and flow increases in 
the river.  Ambient temperature is more suitable 

for aquatic organisms. In all other aspects the 
carrying capacity of the water bodies is normal.

Way forward

Air, Water, Noise and Biodiversity carrying 
capacity has been assessed by on field analysis of 
pre-defined parameters and it has been observed 
that the study area has available carrying capacity 
as per the pre-defined parameters. Further, it 

is proposed to assess the carrying capacity of 
the study area by using remote sensing derived 
environmental indices and also to assess the 
Carbon Sequestration Capacity of the area and 
compare vis a vis the carbon footprint of the area.
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lkjka'k

[kqyh [knku (Open Cast Mining) >kj[k.M esa oQbZ ewY;oku [kfutksa osQ 
lkFk oQks;yk [kuu osQ fy, lcls ilanhnk fof/ gSA ge lHkh bl ckr ls Hkyh 
Hkk¡fr ifjfpr gS foQ [kqyh [knku cgqewY; [kfutksa osQ nksgu oQh bl fof/ oQh 
fofHkUu izfozQ;kvksa osQ nkSjku Ik;kZoj.k oQks {kfr Hkh igq¡prh gS] ftloQk Ik;kZoj.k 
ij uoQkjkReoQ izHkko iM+rk gSA osQfUnzr iznw"k.k cksMZ (CPCB) }kjk Ik;kZoj.k 
vkSj ou ea=kky;] Hkkjr ljoQkj osQ ijke'kZ ls foQ;s x;s vè;;u osQ vuqlkj] 
jkex<+ esa [kqyh [knku osQ fofHkUu xfrfof/;ksa osQ oQkj.k iznw"k.k oQk Lrj xaHkhj 
gks jgk gSA ftlosQ ifj.kke Lo:Ik fofHkUu LokLF; vkSj vkfFkZoQ leL;k,¡ mRiUu 
gks pqoQh gSA ekuo tfur L=kksrksa ls mRiUu vif'k"V inkFkZ] tSfooQ iznw"koQ] 
tgjhyh xSlsa vkSj Hkkjh /krq ikfjfLFkfroQh ra=k osQ fy, gkfuoQkjoQ gS vkSj blosQ 
bnZ&fxnZ esa jgus okys euq";ksa vkSj oU; thoksa osQ fy, Hkh gkfuoQkjoQ gS D;ksafoQ 
;s iznw"koQ feV~Vh esa fey loQrs gSa vkSj [kk| J`a[kyk esa Hkh izos'k oQj loQrs gSaA

ck;ksfjesfM,'ku ,oQ tSfooQ izfozQ;k gS] ftlesa thfor thoksa oQk mi;ksx Ik;kZoj.kh; 
iznw"koQksa oQks oQe fo"kSys (gkfuoQkjoQ) :iksa esa cnyus osQ fy, foQ;k tkrk gSaA 
tks feV~Vh vkSj gok ls iznw"koQksa osQ mUewYku osQ fy, ,oQ izHkkoh vkSj vkfFkZoQ 
:Ik ls O;ogk;Z fof/ fl¼ gks loQrh gSaA

LVksesVy vko`fÙk oQk voyksoQu oQjosQ ge mu ikS/ksa oQk jSafoaQx oQjrs gSa 
tks Ik;kZoj.k ls v'kqf¼ oQks lekIr oQjus esa vf/oQ ykHkoQkjh gksrs gSaA bl 
vè;;u esa LFkkuh; tSls& Plumeria rubra, Artocarpus neterophyllus vkSj 
Azadirachta indica vkSj oqQN lw{ethoksa ij è;ku osQfUnzr Hkfo"; oQh n`f"V 
oQks è;ku esa j[krs gq, [kqyh [knku {ks=kksa osQ vkl&ikl iznw"koQksa osQ mUewyu osQ 
fy, foQ;k x;k foQ;kA

oqaQth% uoQkjkReoQ izHkko] tgjhyh xSlsa] ck;ksfjesfM,'ku] lekfIr] mUewyu
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ifjp;

>kj[k.M] tks Hkkjr osQ iwohZ Hkkx esa fLFkr gS] vius 
le`¼ [kfut lalk/uksa osQ fy, izfl¼ gS] ftlls ;g Hkkjr 
vkSj oSf'ooQ Lrj ij [kfutksa oQk egRoiw.kZ fu;kZroQ cu 
x;k gSA bl jkT; osQ [kfut lalk/uksa esa oQks;yk] ykSg 
v;LoQ] rk¡ck v;LoQ] ehoQk] ckWDlkbV] pwuk iRFkj vkSj 
;wjsfu;e 'kkfey gSa (Kumari and Hansdah (2023))A 
bu lalk/uksa osQ oQkj.k vksiu oQkLV ekbfuax >kj[k.M esa 
[kfut izkfIr oQk ,oQ izpfyr fof/ gSA fo'ks"koQj jkex<+] 
/uckn] vkSj cksoQkjks ftyksa esa] tgk¡ cM+s iSekus ij [kuu 
xfrfof/;k¡ gqbZ gSaA (Kumar and Saikia (2020))A vksiu 
oQkLV ekbfuax >kj[k.M esa miyC/ egRoiw.kZ [kfutksa ,oa 
oQks;yk osQ nksgu osQ [kuu m|ksx oQks xfr nsus osQ lkFk 
vFkZO;oLFkk osQ fooQkl esa ;ksxnku nh gS mlosQ lkFk bl 
fof/ osQ fofHkUu izfozQ;kvksa ls fofHkUu Ik;kZoj.kh; ,oa 
LoLFk leL;k,¡ Hkh mRiUu gqbZ gSA

>kj[k.M 24 ftyksa esa foHkkftr gS vkSj NksVk ukxiqj 
iBkj esa fLFkr gS] ftloQh v{kka'kh; foLrkj yxHkx 22O00' 
ls 24O 37'N vkSj ns'kkarj foLrkj 83O15'E ls 87O01'E 
roQ gSA >kj[k.M oQh HkkSxksfyoQ fLFkfr fofo/ HkwHkkxksa osQ 
chp gS] ftlesa eq[;r% m".koQfVca/h; ue i.kZikrh vkSj 
m".koQfVca/h; 'kq"oQ i.kZikrh ou] igkM+ vkSj mitkmQ 
Hkwfe 'kkfey gSA jkT; oQh j.kuhfroQ fLFkfr vkSj [kfutksa 
oQh izpqjrk us bls [kuu xfrfof/;ksa oQk osaQnz cuk fn;k 
gS] tks vkfFkZoQ fooQkl osQ lkFk Ik;kZoj.kh; laj{k.k oQks 
larqfyr oQjus oQh vko';oQrk oQks js[kkafoQr oQjrk gSA

vksiu oQkLV ekbfuax ls xgu Ik;kZoj.kh; {kfr gksrh gSA 
[kfutksa oQks fuoQkyus osQ fy, 'kh"kZ feV~Vh vkSj pV~Vkuksa 
oQh ijr oQks gVkus oQh izfozQ;k LFkkuh; ikfjfLFkfroQ ra=k 
vkSj ifjn`'; oQks u"V oQj nsrh gSA (Prathap, A., et.al., 
2016)- [kuu lapkyu osQ fy, ouLifr oQks lkiQ oQj 
fn;k tkrk gS] ftlls oQbZ iztkfr;ksa osQ vkokl oQh gkfu 
Hkh gksrh gS vkSj ml {ks=k esa oQkcZu MkbvkWDlkbM vo'kksf"kr 
izko`QfroQ {kerk esa oQeh vkrh gSA (Saini, 2018)A ouksa 
oQh oQVkbZ] feV~Vh osQ oQVko oQks c<+krk gS] tks feV~Vh oQh 
moZjrk oQks oQke oQjrh gS vkSj tks LFkkuh; o`Qf"k oQks Hkh 
izHkkfor oQjrh gS(Saini, 2018)A blosQ vfrfjDr] feV~Vh 
oQh lajpuk oQk fo?kVu vkSj HkwL[kyu vkSj ck<+ oQk [krjk 

c<+ tkrk gS] tks Ik;kZoj.k vkSj ekuo clkoV osQ fy, vkSj 
Hkh [krjk mRiUu oQjrk gS (Pacetti et al., 2020)A

vksiu oQkLV ekbfuax }kjk mRiUu iznw"k.k osQoy Hkwfe 
osQ {kj.k roQ gh lhfer ugha gSA [kuu xfrfof/;ksa osQ 
nkSjku fuoQyus okyh /wy&oQ.k gok oQks Hkh iznwf"kr 
oQjrh gS] ftlls vklikl osQ fuokfl;ksa oQks 'olu 
leL;k,¡ vkSj vU; LokLF; lEcU/h leL;k,¡ gksrh gSA  
(Pacetti et al., 2020)A [kuu e'khujh vkSj izfozQ;kvksa 
ls mRlftZr tgjhyh xSls] tSls lYiQj MkbvkWDlkbM vkSj 
ukbVªkstu gkbvkWDlkbM ok;q oQks iznwf"kr oQjrs gS] tks vEyh; 
o"kkZ oQk oQkj.k curh gS] tks feV~Vh vkSj ouLifr oQks 
uqoQlku igq¡pkrk gSA (Pacetti et al., 2020)A ty iznw"k.k 
Hkh ,oQ egRoiw.kZ fparuh; fcanq gSA [kuu LFkyksa ls cgus 
okyk ty] tks izk;% Hkkjh /krqvksa vkSj fo"kkDr inkFkksZa ls Hkjk 
gksrk gS] LFkkuh; ty L=kksrksa oQks iznwf"kr oQjrk gS] tks ekuo 
vkSj tyh; thou nksuksa osQ fy, xaHkhj chekjh oQk tksf[ke 
mRiUu oQjrk gSA (Zhang et al., 2018)A ty iznw"k.k ls 
is;ty oQh xq.koÙkk izHkkfor gksrh gS vkSj ufn;ksa vkSj 
/kjkvksa osQ izko`QfroQ ikfjfLFkfroQ ra=k oQk fo?kVu gksrk gSA

[kuu {ks=kksa osQ vklikl esa [kuu oQk LFkkuh; leqnk;ksa 
ij lkekftoQ vkSj vkfFkZoQ izHkko Hkh egRoiw.kZ gSaA >kj[kaM 
esa oQbZ leqnk; viuh vkthfooQk osQ fy, òQf"k vkSj izkòQfroQ 
lalk/uksa ij fuHkZj oQjrs gS (Sakhre, S.et al., 2020)A [kuu 
xfrfof/;ksa osQ oQkj.k Hkwfe vkSj ty lalk/uksa oQk {k;] 
o`Qf"k mRiknoQrk esa oQeh osQ ifj.kke Lo:Ik foQlkuksa oQh 
vk; oQk uqoQlku oQk oQkj.k curk gSA blosQ vfrfjDr] 
[kuu lapkyu vDlj LFkkuh; fuokfl;ksa osQ foLFkkiu oQk 
oQkj.k Hkh curk gS] ftlls LFkkuh; fuokfl;ksa oQks u, 
LFkku esa LFkkuukarfjr gksoQj ml u, LFkku osQ okrkoj.k 
osQ vuq:i] <yus osQ fy, etcwj gksuk iM+rk gSA blosQ 
ifj.kkeLo:Ik bu leqnk;ksa oQh lkekftoQ lajpuk ckf/r 
gksrh gS] tks nh?kZoQkfyoQ lkekftoQ vkSj vkfFkZoQ pqukSfr;k¡ 
mRiUu oQjrh gSA

vksiu oQkLV ekbfuax osQ izfrowQy izHkkoksa oQks oQe oQjus 
osQ fy,] LFkk;h [kuu izFkkvksa vkSj mUur ,oa vk/qfuoQ 
izkS|ksfxoQh;ksa oQks viukuk egRoiw.kZ gSA ck;ksfjesfM,'ku 
,oQ tSo&izkSn~;ksfxoQh&vk/kfjr izfozQ;k gS] ftlesa Ik;kZoj.k 
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esa iznw"koQksa oQk gVkus ;k csvlj oQjus osQ fy, thfor 
thoksa (cSDVhfj;k] oQooQ] ikS/s) ;k muosQ ,atkbeksa oQk 
mi;ksx foQ;k tkrk gS] ,oQ vk'kktuoQ lek/ku iznku 
oQjrh gSA LFkkuh; ouLifr;ksa vkSj lw{ethoksa oQk mi;ksx 
oQjosQ] iznw"koQksa oQks oQe fo"kSys :iksa esa ifjofrZr foQ;k 
tk loQrk gS] tks feV~Vh oQh cgkyh vkSj gok oQh xq.koÙkk 
esa lq/kj oQjus esa enn oQjrk gSA blosQ vfrfjDr] oQBksj 
Ik;kZoj.kh; fu;eksa oQks ykxw oQjuk vkSj [kuu xfrfof/;ksa 
oQh fuxjkuh oQj Ik;kZoj.kh; izHkko oQks oQe oQjus esa enn 
oQj loQrk gSA oujksi.k vkSj iquoZuhoQj.k ifj;kstukvksa oQks 
c<+kok nsuk Hkh ikfjfLFkfroQ larqyu oQks cgky oQjus vkSj 
LFkkuh; ikfjfLFkfroQ ra=k oQh lgu'khyrk oQks lq/kjus esa 
lgk;oQ gks loQrk gSA

;s iznw"koQ feV~Vh vkSj ikS/ksa esa tek gks loQrs gSa] 
tks varr% [kk| J`a[kyk esa izos'k oQjrs gSa] ftlls ekuo 
vkSj tkuojksa osQ fy, LokLF; leL;k,¡ mRiUu gksrh gSaA 
ck;ksjsesfM,'ku bl leL;k oQk vk'kktuoQ lek/ku iznku 
oQjrh gS] ftlls gkfuoQkjoQ iznw"koQksa oQks oQe fo"kSys 
:iksa esa ifjofrZr foQ;k tk loQrk gSA ;g fof/ nksuksa 
ykxr&oqQ'ky vkSj Ik;kZoj.kh; n`f"V ls vuqowQy gSA bl 
'kks/ esa] ge LFkkuh; ikS/ksa oQh iztkfr;ksa vkSj lw{ethoksa 
oQk mi;ksx oQjosQ vksiu oQkLV ekbfuax {ks=kksa esa iznw"k.k 
oQks oQe oQjus ij è;ku osaQfnzr foQ;k gSA

ck;ksjsesfM,'ku esa vkil esa tqM+s gq, oQbZ izfozQ;k 
'kkfey gksrh gSaA mnkgj.k osQ fy,] iQkbVksjhesfM,'ku] 
ikS/ksa oQk mi;ksx oQjosQ iznw"koQ oQks feV~Vh vkSj ty ls 
vo'kksf"kr] lap; vkSj fo"keqDr oQjus oQh izfozQ;k gSA oqQN 
ikS/ksa oQh iztkfr;k¡ Hkkjh /krqvksa vkSj vU; iznw"koQksa oQks 
viuh tM+ksa osQ ekè;e ls vo'kksf"kr oQjus vkSj viuh mQroQksa 
esa laxzfgr oQjus oQh {kerk j[krh gSa] ftlls feV~Vh oQks lkiQ 
foQ;k tk loQrk gSA ,oQ vU; egRoiw.kZ izfozQ;k lw{ethoksa 
oQk fo?kVu gS] ftlesa fof'k"V lw{e thoksa tSfooQ iznw"koQksa 
oQks gkfu jfgr inkFkksZa esa rksM+rs gSaA ;s lw{ethoksa iznw"koQksa 
oQk esVkcksfyTe oQj loQrs gSa] izHkkoh <ax ls muoQh 
lkanzrk vkSj fo"kkDrrk oQks oQe oQj loQrs gSaA blosQ 
vfrfjDr] ikS/ksa oQh vf/oQ LvksesVy izQhDosalh vf/oQ 
iznw"koQksaa oQks vo'kksf"kr oQjus esa enn oQjrh gS] tks izHkkoh@
ck;ksjsesfM,'ku esa lgk;rk oQjrh gSA bu tSfooQ izfozQ;kvksa 
oQks feykoQj] ck;ksjsesfM,'ku iznw"k.k Lrj oQks oQkiQh 

gn roQ oQe oQj loQrh gS] tks vksiu oQkLV ekbfuax  
}kjk izHkkfor ikfjfLFkfroQh ra=k oQh lsgr oQks cgky oQj 
loQrh gSA

ck;ksjsesfM,'ku

ra=k%

cSDVhfj;k tSls lw{etho] iznw"koQksa oQks Hkkstu lzksr vkSj 
mQtkZ lzksr osQ :i esa mi;ksx oQjosQ mUgsa oQe gkfuoQkjoQ 
inkFkksZa ;k gkfu jfgr mRiknksa esa ifjofrZr oQjosQ mUgsa 
fo?kfVr oQj loQrs gSaA

bu&lhVw vkSj ,Dl&lhVw

ck;ksjsesfM,'ku ;k rks bu&lhVw (lanw"k.k osQ LFkku ij) 
;k ,Dl&lhVw (iznwf"kr lkexzh oQks mipkj osQ fy, foQlh 
vU; LFkku ij gVkoQj) foQ;k tk loQrk gSA

izoQkj%

ck;ksjsesfM,'ku osQ fuEufyf[kr izoQkj gSa & 

ck;ksfLVE;wys'ku% iks"koQ rRoksa oQks tksM+oQj ;k  
Ik;kZoj.kh; ifjfLFkfr;ksa oQks la'kksf/r oQjosQ izko`QfroQ :Ik 
ls ik, tkus oky lw{e thoksa osQ fooQkl oQks izksRlkfgr 
oQjukA

ck;ks vkWXesaVs'ku% fo'ks"k iznw"koQksa osQ {kj.k oQks c<+kus osQ 
fy, fof'k"V lw{ethoksa dk mi;ksxA

iQkbVks jsesfM,'ku% feV~Vh ls iznw"koQksa oQks vo'kksf"kr 
oQjus vkSj mUgsa fMVkWDlhikbZ oQjus osQ fy, ikS/ksa oQk 
mi;ksx oQjukA

ykHk%

ck;ksjsesfM,'ku oQbZ ykHk iznku oQjrk gS] tks fuEufyf[kr 
gSa%

ykxr&izHkkoh% ;g ikjaifjoQ jklk;fuoQ ;k HkkSfroQ 
rjhoQksa oQh rqyuk esa mipkj oQk vf/oQ foQiQk;rh rjhoQk 
gks loQrk gSA 

Ik;kZoj.k osQ vuqowQy% ;g izkòQfroQ izfozQ;kvksa oQk mi;ksx 
oQjrk gS] ftlls gkfuoQkjoQ jlk;uksa oQk mi;ksx oQe gksrk gSA
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izko`QfroQ% ;g Ik;kZoj.k esa ekStwn izko`QfroQ ekbozQksfc;y 
xfrfof/ oQk ykHk mBkrk gSA

lhek,¡%

ck;ksjsesfM,'ku lHkh iznw"koQksa osQ fy, mi;qDr ugha gS] vkSj 
oqQN okrkoj.kksa esa bloQh lhek,¡ gks loQrh gSaA

fof/

vè;;u {ks=k p;u

>kj[kaM] Hkkjr osQ nks vyx&vyx {ks=kksa jkex<+ vkSj jk¡ph 
esa foQ;k x;kA jkex<+ ftyk] tks viuh O;kioQ [kuu 
xfrfof/;ksa osQ fy, tkuk tkrk gS] vkSj jk¡ph ftyk] oQk 
vè;;u] ,oQ xSj&[kuu fu;a=k.k {ks=k osQ :i esa foQ;k 
x;kA jkex<+ oQh [kuu&lacaf/r Ik;kZoj.kh; nckoksa osQ 
laioZQ osQ oQkj.k] ;g Lfky ikS/ksa oQh 'kkjhfjoQ fLFkfr;ksa ij 
laHkkfor izHkkoksa oQk vkoQyu oQjus osQ fy, mi;qDr Fkk 
vkSj blosQ foijhr] jk¡ph] tks [kuu osQ izHkko ls U;wure 
izHkkfor gS] rqyukReoQ vk/kj iznku foQ;kA

ikS/ksa oQh iztkfr;ksa oQk p;u

jkex<+ vkSj jk¡ph ftyksa esa lkekU; :Ik ls ik;s tkus okys 
izeq[k ikS/ksa oQh iztkfr;k¡ p;fur oQh x;h vkSj mu iztkfr;ksa 
oQks izkFkfeoQrk nh x;h tks Ik;kZoj.kh; ruko oQkjoQksa 
osQ izfr laosnu'khy gksrh gSa] D;ksafoQ ;s [kuu&lacaf/r 
fLFkfr;ksa ij vf/oQ Li"V izfrfozQ;k,¡ fn[kkrh gSA

uewukoQj.k fMtkbu

nksuksa ftyksa esa vè;;u Lfkkyksa oQk p;u oQjus osQ fy, 
;kn`fPNoQ uewukoQj.k n`f"VoQks.k viuk;k x;kA izR;soQ 
ftys esa fofHkUu ikfjfLFkfroQ ifjfLFkfr;ksa oQk izfrfuf/Ro 
oQjus osQ fy, oQbZ uewukoQj.k LFkku LFkkfir foQ, x;sA 
izR;soQ LFkku ij p;fur ikS/ksa oQh oQbZ O;fDrxr 'kk[kk,¡ 
laoQfyr oQh x;h rkfoQ fo'ys"k.k osQ fy, Ik;kZIr la[;k 
esa ifÙk;k¡ izkIr oQh tk losQA

ifÙk;ksa oQk laxzg vkSj rS;kjh

LoLFk vkSj iwjh rjg ls iSQyh gqbZ ifÙk;k¡ p;fur ikS/ksa osQ 
mQijh Hkkx ls ,oQ=k oQh x;h vkSj lanw"k.k oQks U;wure 
oQjus osQ fy, fu"iQfyr cYizk.kksa oQk mi;ksx foQ;k x;kA 

,oQ=k oQh xbZ ifÙk;ksa oQk yscy foQ, x, IykfLVoQ cSx 
esa j[kk x;k vkSj vkxs oQh izfozQ;k osQ fy, iz;ksx'kkyk esa 
Hkstk x;kA

ifÙk;ksa oQks LvksesVy fo'ys"k.k osQ fy, rS;kj oQjus osQ 
fy,] uk[kwu isaV osQ bfEizaV~l ifÙk;ksa oQh fupyh ,fiMfeZl 
ij cuk, x,A lw[kus osQ ckn] bfEizaV~l oQks lko/kuhiwoZoQ 
NhyoQj ekbozQksLoQksi LykbM~l ij ,oQ mi;qDr ekmafVax 
ekè;e oQk mi;ksx oQjosQ p<+k;k x;kA

LVksesVy fo'ys"k.k

LvksesVy ?kuRo] vkoQkj vkSj forj.k oQks rS;kj foQ, x, 
ifÙk;ksa osQ bfEizaV~l osQ lw{en'khZ ijh{k.k osQ ekè;e ls 
fu/kZfjr foQ;k x;kA eki osQ fy, ,oQ ;kSfxoQ lw{en'khZ 
ftlesa ekbozQksehVj vk;fil gksrk gS] oQk mi;ksx foQ;k 
x;kA bfEizaV~l oQh fMftVy Nfo;k¡ Hkh oSQIpj oQh xbZ vkSj 
Nfo fo'ys"k.k lkWÝVos;j tSls Image oQk mi;ksx oQjosQ 
fo'ys"k.k foQ;k x;kA

MkVk fo'ys"k.k

ifÙk;ksa ls LVksesVy fo'ks"krkvksa oQh rqyuk osQ fy, 
lkaf[;oQh; fo'ys"k.k foQ;k x;kA LVksesVy ?kuRo] vkoQkj 
vkSj forj.k esa varj oQks mi;qDr lkaf[;oQh; ijh{k.kksa 
oQk mi;ksx oQjosQ ewY;kaoQu foQ;k x;kA ifj.kkeksa oQh O;k[;k 
[kuu xfrfof/;ksa osQ ikS/ksa oQh 'kkjhfjoQ fLFkfr;ksa ij laHkkfor 
izHkkoksa osQ lanHkZ esa oQh x;hA bu foijhr okrkoj.kksa ls ikS/ksa 
oQh LVksesVy fo'ks"krkvksa oQh rqyuk oQjosQ] ;g vè;;u 
[kuu&lacaf/r ifjorZu osQ izfr ouLifr oQh 'kkjhfjoQ 
izfrfozQ;k oQh varnZ`f"V iznku oQjus oQk iz;kl gSA

voyksoQu

Plumeria rubra, Artocarpus heterophyllus,  vkSj 
Azadirachta indica oQh ifÙk;ksa osQ LVksesVy fo'ks"krkvksa 
oQk rqyukReoQ fo'ys"k.k [kuu vkSj xSj&[kuu {ks=kksa ls 
foQ;k x;kA fo'ks"k :Ik ls] vf/oQka'k ikS/ksa oQh iztkfr;ksa 
us [kuu {ks=k esa vf/oQ LVksesVy fxurh iznf'kZr oQh] 
tcfoQ xSj&[kuu {ks=k oQh ifÙk;ksa esa ;g la[;k oQe FkhA 
gkykafoQ] [kuu {ks=k esa LVksesVk izk;% can vkSj /wy oQ.kksa 
}kjk <osQ gq, ik, x,] tks iznwf"kr okrkoj.k osQ izfr 
laHkkfor ruko izfrfozQ;k oQks n'kkZrk gSA blosQ foijhr] 
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Azadirachta indica (uhe) us vPNh rjg ls fooQflr 
LVksesVk iznf'kZr foQ;k] tks mloQh lgu'khyrk vkSj [kuu 
ls mRiUu oQfBu ifjfLFkfr;ksa osQ lkFk vuqowQyu oQh 
{kerk oQks n'kkZrk gSA ;s fu"oQ"kZ lq>ko nsrs gSa foQ [kuu 

xfrfof/;k¡ ikS/ksa esa 'kkjhfjoQ ifjorZuksa oQks izsfjr oQjrh gSa] 
ftuesa LVksesVy O;ogkj esa cnyko 'kkfey gSa] tks ikSèkksa 
oQh o`f¼] izoQk'k la'ys"k.k vkSj lexz ikfjfLFkfroQ ra=k oQh 
lsgr oQks izHkkfor oQj loQrs gSaA 

Figure 1- Stomatal imprints of Plumeria rubra leaves. (A) Leaf from a mining area, showing less
number of stomata (B) Leaf from a non-mining area.

A B

Figure 2.-Stomatal imprints of Artocarpus heterophyllus leaves. (A) Leaf from a mining area,
(B) Leaf from a non-mining area.

A B
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ifj.kke

Plumeria rubra, Artocarpus heterophyllus, vkSj  
Azadirachta indica oQh ifÙk;ksa osQ LVksesVy fo'ks"krkvksa 
oQk [kuu vkSj xSj&[kuu {ks=kksa ls rqyukReoQ fo'ys"k.k 
foQ;k x;kA vè;;u ls irk pyk foQ lHkh rhu ikS/ksa oQh 
iztkfr;ksa osQ fy, [kuu {ks=k ls izkIr ifÙk;ksa esa LVksesVy 
?kuRo esa yxkrkj o`f¼ oQk :>ku Fkk] tcfoQ xSj&[kuu 
{ks=k oQh ifÙk;ksa esa ;g oQe FkkA gkykafoQ] LVksesVy O;ogkj 
esa egRoiw.kZ varj ns[kk x;kA tcfoQ xSj&[kuu {ks=k osQ 
ikS/s lkekU; LVksesVy oQk;Ziz.kkyh iznf'kZr foQ;k] [kuu 
{ks=k osQ ikS/ksa esa can LVksesVk oQh vf/oQ ek=kk ns[kh xbZ] 
tks vDlj /wy oQ.kksa ls vo:¼ gksrs gSaA

Plumeria rubra vkSj Artocarpus heterophyllus us 
[kuu okrkoj.k osQ izfr egRoiw.kZ LVksesVy ifjorZu oQks 
n'kkZ;k] tks ruko oQks laosQr oQjrk gSA blosQ foijhr] 
Azadirachta indica (uhe) osQ vis{kko`Qr vPNs LVksesVk 
iznf'kZr foQ;k] tks mlosQ [kuu&lacaf/r rukoksa osQ izfr 
vf/oQ lgu'khyrk oQks bafxr oQjrk gSaA

fu"oQ"kZ

oÙkZeku vè;;u oQk mís'; Plumeria rubra, 
Artocarpus heterophyllus, vSkj  Azadirachta indica 

tSls p;fur ikS/ksa oQh LVksesVy fo'ks"krkvksa ij [kuu 
xfrfof/;ksa osQ izHkko oQh tk¡p oQjuk FkkA bl vè;;u 
osQ ifj.kke Li"V :Ik ls iznf'kZr oQjrs gSa foQ bu ikS/ksa 
oQh LVksesVy lajpuk ij Ik;kZoj.kh; ifjfLFkfr;ksa] fo'ks"k 
oQj [kuu {ks=kksa esa] egRoiw.kZ izHkko Mkyrh gSaA vè;;u esa 
ns[ks x, lHkh iztkfr;ksa esa ,oQ lkekU; voyksoQu ;g Fkk 
foQ [kuu {ks=k esa ikS/ksa esa LVksesVy ?kuRo c<+k gqvk Fkk] 
tcfoQ xSj&[kuu {ks=k osQ ikS/ksa esa ;g oQe FkkA ;g lq>ko 
nsrk gS foQ ikS/s c<+s gq, ok;qeaMyh; oQkcZu MkbvkWDlkbM 
Lrj osQ izfr vuqowQyu izfozQ;k fn[kkrs gSa tks vDlj [kuu 
lapkyu ls lacaf/r gksrs gSaA gkyakfoQ] bu LvksesVk oQh 
oQk;Z{kerk izHkkfor gqbZ gS] tSlk foQ muosQ izeq[k :Ik ls 
can fLFkfr vkSj /wy oQ.kksa }kjk vo:¼ gksus ls Li"V gSA 
,slk LVksesVy O;ogkj laHkor% ikuh oQh gkfu vkSj iznw"koQksa 
osQ vo'kks"k.k oQks U;wure oQjus osQ fy, ,oQ j{kkReoQ 
ra=k osQ :Ik esa oQk;Z oQjrk gSA vè;;u us Azadirachta 
indica (uhe) oQh vlk/kj.k lgu'khyrk oQks Hkh mtkxj 
foQ;kA izfrowQy ifjfLFkfr;ksa osQ ckotwn] bl iztkfr us 
vPNh rjg ls fooQflr LVksesVk iznf'kZr foQ,] tks bls 
[kuu {ks=kksa esa iQkbVksjhesfM,'ku ;k oujksi.k osQ fy, 
mi;qDr mEehn~okj osQ :Ik esa bafxr oQjrk gSA bl vè;;u 
osQ fu"oQ"kZ ikSèkksa oQh 'kkjhfjoQ fLFkfr;ksa ij [kuu osQ 

Figure 3. Stomatal imprints of Azadirachta indica leaves. (A) Leaf from a mining area exhibiting
a higher density of well-developed stomata compared to (B) leaf from a non-mining area.

A B
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lexz ikfjfLFkfroQ ra=k oQh lsgr ij izHkko Mkyrs gSaA 
[kuu osQ izfrowQy izHkkoksa oQks oQe oQjus osQ fy,] Bksl 
Ik;kZoj.kh; izca/u j.kuhfr;ksa oQks ykxw oQjuk vfuok;Z gS] 

ftlesa ouLifr cgkyh vkSj uhe tSlh lgu'khy ikS/ksa 
oQh iztkfr;ksa oQk mi;ksx 'kkfey gSA bu LVksesVy ifjorZu 
osQ ikS/ksa oQh mRiknoQrk vkSj ikfjfLFkfroQh ra=k oQh  
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osQ 'kks/ oQh vko';oQrk gSA  
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50th Year of Coal India: 
Prospects of Coal in India
Nitish Kumar1

Introduction

November 1st, 2024 marked a landmark event 
in India’s energy story. Coal India Limited (CIL), 
India’s own coal behemoth, entered the 50th year of 
its foundation. Starting from a modest 79 million 
Tonnes (MT) of coal production in its year of 
inception, over the years its production has risen 
to around 10 times that value! The production 
stood at 773 MT in FY 2023-241. This is a feat in 
itself as CIL accounts for around 80% of India’s 
domestic coal production and contributes to 40% 
of India’s primary commercial power generation. 
Along with this, it is one of the largest employers in 
India with over 2.2 lakh plus full-time employees. 
However, amidst all its contributions, CIL finds 
itself standing at the crossroads of an international 
and domestic energy transition to non-fossil fuel 
based ‘green energy’ resources.

So, what does the future hold for coal in India 
and Coal India? This study analyses the critical 
position that Indian coal sector and CIL is at and 
where they may be headed, all the while being the 
backbone of India’s energy security.

Coal- A Strategic Resource

The installed capacity of power generation 
in India can broadly be broken down into two 
categories: power from fossil fuel-based and power 
from non-fossil fuel-based resources. The fossil 
fuel resources include: Coal, Lignite, Gas and 
Diesel; while the non-fossil fuel-based resources 
include Hydro Power, Wind Power, Solar Power, 
Biomass, Waste to Energy, Small-Hydro Power, 
and Nuclear Power.

Based on the recent data for October 20242, the 
contribution of each resource (absolute value and 
%) among the total generation capacity of 455 Giga 
Watts (GW) in the overall Energy-Pie for India has 
been furnished in Figure 1.

1 Deputy Manager (Geology),
CMPDI, Regional Institute-V, Bilaspur
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Figure 1: Proportion of various resources in overall installed capacity of 455 GW (Oct, 2024)

Significantly, coal and lignite-based power 
contributes around half (48%) of the total installed 
capacity, followed by Solar (20%), Wind (11%), 
Hydro (10%), Gas (5%), Biomass (3%), Nuclear 
power (2%). In the current scheme of things, Coal 
is one of the most abundant, dependable, and 
affordable fuels. These qualities, coupled with 
the heavy reliance on coal in the overall energy 
mix make it a highly strategic resource for India’s 
energy security and a prime moving force for the 
nation’s sustained economic growth.

The Crossroad for Coal?

However, with a growing global focus on 
Climate Change, adoption of mechanisms like Paris 
Agreement (2015) by the Conference of Parties 
to the United Nations Framework Convention on 

Climate Change (UNFCCC), and building-up of 
efforts towards “Net Zero” processes, the energy 
scenario is set to undergo a paradigm shift from 
the status quo in power generation. Coal finds 
itself right in the middle of the transition. Calls for 
“phasing-out,” “phasing-down” coal-based power 
has been making rounds in the Energy Policy 
circles. But to what effect?

In this study, India’s power generation capacity 
data sets spanning 15 years have been collated and 
analysed, with more recent data being given more 
weightage. The absolute values of Resource-wise 
Installed Capacity have been charted out in Figure 2. 
The plot shows the contribution of various sectors 
in the total installed capacity, across data sets from 
four years: 2010-113, 2020, 2023 and 20242.
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Figure 2: Resource-wise installed power generation capacity (absolute values in GW)

Evidently, the total installed capacity has more 
than doubled from 174 GW in 2010-11 to 455 GW 
in 2024. While coal was driving this growth in the 
2010-decade, the 2020 decade has witnessed a 
significant rise in solar power capacity driving the 
overall installed capacity. Also, the annual growth 
in solar-based power has been much higher (170% 
since 2020) than the growth in coal-based power 
(6.5% since 2020). However, coal-based power 
generation capacity is still showing a consistent 
growth, albeit statistically lower.

This trend may have to do with many 
reasons. While the solar power sector in India is 
relatively new and hence seeing larger growth, 

the coal-based power is a matured sector with 
growth having been stabilized over decades. The 
international and domestic shift in energy policies 
towards more adoption of non-fossil fuel-based 
renewable resources may be another major factor. 
The capacities of other sectors like lignite-based, 
gas-based, hydro power, wind power, small hydro, 
and nuclear power have been quantitatively more-
or-less constant.

For a clearer picture though, the percentage 
of proportions of respective resources to the total 
annual installed capacity has been plotted for the 
same years in Figure 3. The trends of various 
resources give a clear account of where the Indian 
energy sector is headed.
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The coal-based power generation proportion 
has been steadily declining (from 54% to 46%) in 
the overall capacity. Renewable sources of energy 
have grown, majorly due to growth in contribution 
by solar power (from 9% to 20%) in the overall 
capacity. This is in line with the global and 
domestic shift to greener energy resources.

The Role for CIL

However, analysing Figure 2 and Figure 3 
together reveals that though the proportion of 
coal-based power is falling, its absolute value 
is steadily rising. This is in sync with meeting the 
rising energy demands of the nation. 

The Integrated Energy Policy (2006) report4 
for India had projected a peak installed capacity 
requirement of 778 GW- 960 GW by 2031-32. 
The report suggests that for the peak scenario, coal 
will have to be the most important energy source 
accounting for not less than 41% of the energy 

mix under any scenario and potentially being even 
more. Even at base-case scenario of 41%, India 
would need 1.6 billion tonnes of coal (about 60% 
more than the current All India Coal production 
of 997.25 MT.) Thus, in an estimated doubling up 
of the existing capacity, Coal will have to keep 
playing the role of the affordable and dependable 
resource.

It is in this context that CIL, world’s and India’s 
largest coal producer will continue to play a crucial 
role in meeting India’s growing energy demand. 
CIL is a Maharatna company under the Ministry 
of Coal, Govt. of India, and is headquartered at 
Kolkata. As a holding company, it operates more 
than 300 coal mines through 7 major production 
subsidiaries- Bharat Coking Coal Limited 
(BCCL), Central Coalfields Limited (CCL), 
Eastern Coalfields Limted (ECL), Mahanadi 
Coalfields Limited (MCL), Northern Coalfields 
Limited (NCL), South Eastern Coalfields Limited 
(SECL), Western Coalfields Limited (WCL) and a 

Figure 3: Resource-wise installed power generation capacity (% of total)
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Mine Planning & Design company – Central Mine 
Planning and Design Institute Limited (CMPDIL) 
offering consultancy services to respective 
production subsidiaries.

With the domestic coal supply requirement 
projected to reach 1511 MT in 2029-30, CIL 
is expected to produce around 75% of it (1130 
MT), while SCCL (Singareni Collieries Company 
Limited) and captive and other mines together are 
expected to produce the rest5. Numbers tell the 
tale of CIL’s importance in India’s coal sector.

As the Union Minister of Coal & Mines, 
Shri. G Kishan Reddy said in his Congratulatory 
Address on CIL’s 50th Foundation Day, “Coal 
is yet to peak to its full potential. Coal India has 
to ramp up production to higher levels in future 
with equal importance to people-oriented social 
responsibility, welfare and safety.”

Thus, in line with its Vision of being committed 
to provide energy security to the country by 
attaining environmentally & socially sustainable 
growth through best practices from mine to 
market, apart from continuously striving to 
increase the coal production and off take, CIL is 
now diversifying into solar power, pithead power 
stations, coal gasification and critical minerals.

Accordingly, CIL has to continue to remain a 
central component of India’s energy landscape and 
increasingly manage a tightrope-walk of increasing 
coal production on the one hand, and managing and 
mitigating the social and environmental impacts 
on the other. Its motto of pursuing “Mining with 
a human face” needs to be continually enhanced 
in letter and spirit through efficient mechanisms 
like: A well-structured implementation plan of its 
Rehabilitation and Resettlement Policy for Project 
Affected People; Growing CSR activities to cover 
more sectors like education, healthcare, women 
empowerment, skill development, sports; Stepping 
up the greening efforts in mining areas through 
plantation activities, creation of Eco-Parks etc.

Concluding Comments

As the world grapples with the dual imperatives 
of decarbonisation and climate resilience, 
“phasing out” and “phasing down” of coal is going 
to become a reality with upscaling of alternative 
sources of energy. Nevertheless, while this may be 
‘climate justice’ for the developed countries who 
have already had their share of coal exploitation in 
the past, for developing countries the scenario has 
to be different. As India has already highlighted 
at international fora like the UNFCCC, Common 
but Differentiated Responsibilities and Respective 
Capabilities (CBDR–RC) has to be the principle 
driving the energy story.

In the current scheme of things, though the share 
of coal in India may continue to fall in the overall 
energy mix, the absolute coal production will have 
to constantly keep growing. Just that the concerns 
surrounding coal, especially environmental, need 
to be dealt with more proficiently, leveraging the 
latest and upcoming technological advancements 
throughout the whole supply chain of coal- from 
exploration to mining operations to transport 
to thermal power generation. This shall be 
accompanied with strategic upscaling of allied 
techniques like Surface and Underground Coal 
Gasification, Coal Bed Methane etc.

For India, the crossroad at which the coal sector 
is standing is, in fact, more a one-way street which 
needs to be treaded only more responsibly now. 
While coal is set to remain the major contributor 
in the primary energy generation in India, it is 
Coal India that would keep driving the majority of 
growth in India’s domestic coal production.

“Perhaps time’s definition of coal is the diamond.”                                                           
Khalil Gibran

On the same thought, perhaps for the time it 
remains indispensable, we need to make the best 
use of coal and treat it no less than diamond. It is 
no coincidence after all that CIL’s logo is centered 
around the iconic “black diamond”, fittingly 
representing the importance of both coal and Coal 
India to India.
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ohjsUnz oqQekj flag
2 oQks;yk 'kSfyoQh MkWú fot; oqQekj 1992
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8 foLiQksVoQksa oQk lqjf{kr mi;ksx (Rs-100.00) lh,eihMhvkbZ izoQk'ku 2011
9 liksVZ Iyku ,oa fMtkbZu oQk ekxZn'kZu (Rs-70.00) lh,eihMhvkbZ izoQk'ku 2011

10 liksVZ Iyku ,oa fMtkbZu oQk ekxZn'kZu (Rs-30.00) lh,eihMhvkbZ izoQk'ku
11 fj;j Maij izpkyoQksa osQ fy, fu;ekoyh lh,eihMhvkbZ izoQk'ku 1993
12 fu;ekoyh pky ,oa oQkarh oQh lqj{kk ,oa liksVZ lh,eihMhvkbZ izoQk'ku 1995
13 oQj.kh; ,oa voQj.kh;% lw{erj pw.kZ oQks;yk ifj"oQj.k 

la;a=k
lh,eihMhvkbZ izoQk'ku 1996

14 oQj.kh; ,oa voQj.kh;% eSXusVkbV fizijs'ku IykaV lh,eihMhvkbZ izoQk'ku 1992
15 csYV oQUos;j osQ fy, D;k oQjsa] D;k u oQjsa lh,eihMhvkbZ izoQk'ku 1994
16 ozQ'kj osQ fy, D;k oQjsa] D;k u oQjsa lh,eihMhvkbZ izoQk'ku 1995
17 oQksy csM feFksu% ,oQ LoPN mQtkZ lzksr v'kksoQ oqQekj flag 2011

oS|ukFk izlkn

vkuan o¼Zu lgk;
18 j{kk osQ fy,
19 foLiQksVoQ lh,eihMhvkbZ izoQk'ku
20 Coal Combustion C.K. Basu 1997

R.K. Chakraburti
21 Mine Winders and winding Systems Dr. P.K. Chakrabarti 1997
22 Coal Atlas of India lh,eihMhvkbZ izoQk'ku 1993
23 Information on Indian Coal lh,eihMhvkbZ izoQk'ku 1994
24 Mine Pumps for Underground Drainage Dr. P.K. Chakrabarti 1998
25 Do’s & Dont’s for Belt Conveyors E & M Division, CMPDI (HQ) 1994
26 Do’s & Dont’s for Crushers lh,eihMhvkbZ izoQk'ku 1995
27 Mine Fans & their use in Mine Ventilation Dr. P. K. Chakrabarti 1997
28 Electricity in Underground Coal Mines Dr. P. K. Chakrabarti 1999
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Sl 
No

Name of the Book Authors Name Year of 
Publication

29 Environment in Underground Coal Mines Dr. P.K. Chakrabarti 1993
30 Underground Mines Fires & Explosion Dr. P.K. Chakrabarti 1995
31 Coal Mine Roof Support lh,eihMhvkbZ izoQk'ku 1994
32 Underground Coal Mining in India lh,eihMhvkbZ izoQk'ku 1996
33 Artificial Recharge and Rainwater Harvesting 

Techniques
34 Coal: Its Properties & Characterizations P. K. Roy 2014

B. N. Prasad
R. K. Chopra
A. K. Debnath

35 A Handbook on Dragling Dump Profile in 
Surface Coal Mines of India

Dr Indrajit Roy 2014
Somesh Sengupta

36 Handbook of Coal Petrography J. Maitra 2015
Z. Imam
S. Saran
A. K. Debnath

37 Rock Bolting in Indian Mines Dr Ashim K. Sinha 2017
38 Engineering Empirics Dr. P. K. Chakrabarti 1986

A.Singh
N.C. Das
S.C. Chowdhury
A.K. Singh

39 Explosives (English)
40 Ready Reckoner for Managing Environment 

of CIL Mines
Jitendra Kumar Goel 2019
Abhijit Sinha
Asim Kumar Chakraborty
Shekhar Saran

41 Mind Behind Mines lh,eihMhvkbZ izoQk'ku 2003
42 Guidelines for Support Plan lh,eihMhvkbZ izoQk'ku 1993
43 Greening Initiatives in Coal & Lignite PSUs lh,eihMhvkbZ izoQk'ku 2024
44 Strategy on Coal & Lignite Exploration lh,eihMhvkbZ izoQk'ku 2024





https://www.facebook.com/CMPDIL/ https://twitter.com/cmpdil/ instragram.com/cmpdi

youtube.com/CMPDIL/ kooapp.com/koo/CMPDI/ threads.net/@cmpdi

Sustainable Unearthing of Mineral Resources Begins Here
Services Offered :-

Exploration Services

Planning & Design Services

Coal Preparation & Utilisation

Management Services

Research & Development Services

ICT Services

Environment Management Services

Mining Electronics

Civil Engineering & Architectural Services

Coal Technology & Laboratories

Geomatics Services

Specialised Services

Laboratory Services

Coalbed Methane
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