
SUSTAINABLE MINING AND GEOINFORMATION

Indian Institute of Technology Kharagpur

Lecture 22: Mi
Welcome, students, to lecture 22 of the NPTEL online certification course on Sustainable 
Mining and Geoinformation. Last class, we discussed the role of minerals in our society 
and the role of minerals in the growth of our country, the economy of our count
the role of minerals in the economies of other countries. So, we are continuing today's 
lecture from where we left off in the last class
continuation.  
So, today's class we are going to cover the uses of non
discuss about rare earth elements and rare metals. We will talk about critical minerals. 
Also, we will talk about atomic minerals. And finally, we will have a discussion about 
minor minerals, and then we shall summarize wha
also in today's class. 

So, let me take you back to the mineral resources classification. The slide that you can 
see is taken from the book Dev and Sarkar, 2017, and we discussed this slide in the last 
class. So, mineral resources are 
strategic ores, and the second is the industrial rocks.

SUSTAINABLE MINING AND GEOINFORMATION
Prof. Basanta Kumar Prusty 

Department of Mining Engineering 
Indian Institute of Technology Kharagpur 

Week – 05 
Lecture 22: Minerals, Mining and Society - II 

Welcome, students, to lecture 22 of the NPTEL online certification course on Sustainable 
Mining and Geoinformation. Last class, we discussed the role of minerals in our society 
and the role of minerals in the growth of our country, the economy of our count
the role of minerals in the economies of other countries. So, we are continuing today's 
lecture from where we left off in the last class—that is to say, lectures 21 and 22 are a 

e are going to cover the uses of nonmetallic minerals. Also, we will 
discuss about rare earth elements and rare metals. We will talk about critical minerals. 
Also, we will talk about atomic minerals. And finally, we will have a discussion about 
minor minerals, and then we shall summarize what was discussed in the last class and 

So, let me take you back to the mineral resources classification. The slide that you can 
see is taken from the book Dev and Sarkar, 2017, and we discussed this slide in the last 

ral resources are classified into two major types, one is the economic and 
strategic ores, and the second is the industrial rocks. 

SUSTAINABLE MINING AND GEOINFORMATION 

Welcome, students, to lecture 22 of the NPTEL online certification course on Sustainable 
Mining and Geoinformation. Last class, we discussed the role of minerals in our society 
and the role of minerals in the growth of our country, the economy of our country, and 
the role of minerals in the economies of other countries. So, we are continuing today's 

that is to say, lectures 21 and 22 are a 

metallic minerals. Also, we will 
discuss about rare earth elements and rare metals. We will talk about critical minerals. 
Also, we will talk about atomic minerals. And finally, we will have a discussion about 

t was discussed in the last class and 

 
So, let me take you back to the mineral resources classification. The slide that you can 
see is taken from the book Dev and Sarkar, 2017, and we discussed this slide in the last 

ne is the economic and 



Among the economic and strategic ores, we have ferrous minerals or ferrous metals, 
noble metals or precious metals, rare me
ore deposits, we have particularly the gemstones, the raw materials used for the cement, 
refractory, fertilizer, and ceramic industries. We have one important category, which is 
fossil fuel, particularly the li
not discussing that. And among the industrial rock category, there are fuel minerals, 
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I would like to emphasize that from a geological point of view, coal, peat, and lignite 
may not exactly be termed as minerals from a scientific nomenclature, but from the 
administrative and legal point of view, coal, peat, and lignite are also categorized as 
minerals. There is this major mineral classification, which is fuel minerals. Coal, peat, 
and lignite are part of the fuel minerals. In our context, coal is the most important and 
abundant fossil fuel, which is present in coal, and it accounts for about 55 percent of our 
country's energy production and energy requirement. Fortunately or unfortunately, India 
is blessed with a huge quantity, a huge reserve of coal. Most of our energy requirement 
comes from coal itself. 
Now, if you look at the current per capita commercial primary energy consumption in 
India, which is about 350 kilograms of oil equivalent per year. Now, this is significantly 
below compared to the primary energy consumption among the developed countries. So, 
that means, as our economy progresses, economic growth increases or progresses, our 
primary energy consumption is likely to increase, and most of the energy will come from 
coal for the near future. 
Now, when we talk about coal, there are several types of coal, and as per the International 
Coal Classification of the Economic Commission of Europe, coal can be classified into 
two major types: one is hard coal, and the other is soft coal or brown coal. So, when we 
say hard coal, it refers to that coal which has a gross calorific value (GCV) more than or 
equal to 5700 kilocalories per kg or, in terms of joules per ton, it is 23.9 gigajoules per 
ton, and this gross calorific value of 5700 kilocalories per kg is on an ash-free and moist 
basis. So, also, that same coal should have a vitrinite reflectance of more than 0.6, which 
means, any coal with a GCV more than 5700 kilocalories per kg and also a vitrinite 
reflectance of more than 0.6 is termed as hard coal. Now, the other category of coal is 
brown coal, and when we say brown coal, it is defined as that coal which has a gross 
calorific value of less than 5700 kilocalories per kg, coupled with a volatile matter of 
more than 31 percent on a dry and mineral matter-free basis. So, these are the two types 
of coal: hard coal and brown coal, based on GCV and the vitrinite reflectance or the 
volatile matter. 
Now, as per the use, there are some classifications of coal, particularly in our Indian 
context. We define coal as mostly of two or three types. So, the two types are coking coal 
and non-coking coal. So, as we know, some coals have good coking properties. So, what 
is coking property? 



The coal, when heated in the absence of air, forms coherent beads free from volatiles 
with a strong and porous mass, which is known as cok
in the absence of air, and it forms coke. It is known as coking coal. This coking coal has 
utility in the steel industry.
We all know that in steel plants, we use coking coal as part of the steel
Now, in the Indian context, out of our huge deposits of coal, only a small portion is 
coking coal. Particularly, some of the coal found in the Jharia coalfield, under the 
administrative domain of Bharat Coking Coal Limited (BCCL). So, near Dhanbad and 
Jharia, these coking coals
very sufficient. The coking coal production is also not sufficient; it is not meeting our 
total demand in our country. So, sometimes we also import coking coal from other 
countries. The second category of coal, as per use, is the non
non-coking coal does not have coking property, which means when you heat it in the 
absence of air, it will not form coke. So, what is its use?
It is mostly used for the generation of power in thermal power plants. These are the two 
categories: coking coal and non
coal, which is known as semi
smaller coking property, so it is situated between non
come to the reserve position. The reserve of coal as of 1st April 2024 was 389 billion 
tons. As you can appreciate, India has been blessed with a huge reserve of coal, and 
probably, at the current rate of production, we have sufficient coal to last for maybe 200 
years or so, or maybe even more than that.

Now, this coal occurs across 27 coal fields in India. You might know the Mahanadi coal 
field or the Damodar Valley coal field. There
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demarcated across our country. Now, if we look at the production of coal last year, that 
is, the year 2023-24, India produced almost 1 billion tons of coal. To be exact, it was 
997.83 million tons of coal produced by India. Among this coal, the majority was non-
coking coal, which was 930.6 million tons of non-coking coal, and only a small quantity, 
that is, 66.6 million tons of coking coal, was produced. 
Now, if you look at the companies that produce coal, mostly they are public sector 
companies: Coal India Limited and Singareni Collieries Company Limited (SCCL), 
which is located in Telangana. They are the major coal-producing companies, but apart 
from these two, we have NTPC and some other companies. Captive companies—other 
companies that produce thermal power—also have captive mines and produce coal. Now, 
as I mentioned, our coking coal reserves as well as our coking coal production are not 
sufficient to meet the demand of our domestic steel industry. The steel industry, for 
instance, sometimes has to import coking coal from other countries, mostly from 
Indonesia, Australia, New Zealand, and similar countries. Also, although we have 
sufficient non-coking coal, sometimes our power companies do not get enough coal and 
have to import coal from other countries. Power and cement industries also import non-
coking coal from other countries. India imported 58.8 million tons of coking coal and 
205.7 million tons of non-coking coal during the year 2023–2024. As I mentioned, coal 
was mostly imported from Indonesia, Australia, Russia, South Africa, New Zealand, and 
other countries. Now, India also exports a very small amount of coal to neighboring 
countries like Nepal, Bangladesh, and the United Arab Emirates. So, in the last year, that 
is, the year 2023–24, 1.37 million metric tons of coal was exported to these three 
countries. So, this was the position of coal, and the next fuel mineral is lignite. Lignite 
deposits are mostly found in the states of Tamil Nadu, Gujarat, Rajasthan, and Jammu 
and Kashmir. Our total lignite resources in India are 47.3 billion tons as of 1st April 
2024. 



And if you look at last year's production, India produced 42.8 million metric tons of 
lignite in the year 2023-24. Now, as I mentioned earlier, the major 
lignite are for generating electricity in thermal power stations. Other uses of coal include 
the production of coke, which is used in the steel industry. Coal is also used in the cement 
industry and the steel industry. Sometimes, coal is a
fertilizers, as the fertilizer industry also uses a lot of coal.
So, that was about the fuel mineral. Now, we will discuss a very critical or crucial 
mineral, which is extremely important for our infrastructure. In the infras
cement is a major requirement, and for producing cement, the basic raw materials are 
limestone and dolomite. Limestone is a major raw material for manufacturing cement, 
and some limestone is also used in the iron and steel industry.

Now, India had reserves of 19 billion tons as of 1st April 2020. This figure needs to be 
updated slightly, but this is the figure I have. India produced 392 million tons of 
limestone in the year 2020
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That means our limestone, although we are significantly producing our limestone 
requirement by our own production. However, there is still a small shortfall compared to 
our domestic demand. 
Now, these limestone deposits are mostly found in the states of Madh
Rajasthan, Andhra Pradesh, Gujarat, Chhattisgarh
discuss a very important element: the rare earth element. Now, these rare earth elements 
can also be considered metals, as they are actually metallic elements. Alt
not classified as ferrous metals, they are still metallic elements.

So, for these rare earth elements, you can refer to the periodic table, where I have circled 
the lanthanide series in red, which includes 15 elements, and at the top, ther
additional elements: scandium and yttrium. These 17 elements are collectively known as 
the rare earth elements. Why are these rare earth elements important? Now, rare earth 
elements are a group of 17 metals from the lanthanide series, along with 
additional elements I have shown you in the periodic table.
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Here is the list of these 17 elements: lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, 
thulium, ytterbium, lutetium, along with scandium and yttrium. These 17 are known as 
the rare earth elements. In the lanthanide series, we have 15 elements, which can be 
subdivided into two categories: the light rare earth elements (LREE) and the heavy rare 
earth elements (HREE). The LREE includes lanthanum, cerium, praseodymium, 
neodymium, promethium, samarium, and europium, while the HREE includes 
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium. 
Now, these rare earth elements have become ver
high-technology industries and the digital sector.
Now this rare earth element are characterized by their high density high melting point 
high thermal conductivity and high electrical conductivity so because of these
they have found lot of application in the high technology areas so they are used in the 
critical areas such as green energy technology now you know green technology has 
become very very critical and crucial for our climate change abatement meas
tech applications, they are also used in high
electric vehicles, wind pow
guidance system. 

So, these REE, they are very useful in the h
rare earth elements are very very useful and very very crucial for our economy. Now, 
lanthanide elements have magnetic, chemical and spectroscopy properties and have 
application in the wide range of uses. Lanth
Cerium has application in the polishing of glass items, lenses and display of screens like 
that. 
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So, you can see this table and the rare earth elements are used in the high technology 
areas like electronics, manufacturing, medical science. High technology application, 
renewable energy application. For example, in the electronics, in the television screens, 
computers, cell phone, silicon chips, LEDs, CFL, like that. In the manufacturing, they are 
used for manufacturing of high strength magnet, strain gauges, ceramic pigments, l
important metallic alloys automotive catalytic converters like that.

In the medical technology domain, this REE, they are used for manufacturing of portable 
X-ray machines, MRI mac
medicine imaging, for they are used for cancer treatment, they are used for genetic 
screening test, medical and dental lasers. So, very very important uses they have in the 
medical field. In the high tech
optical glass, fiber optics, radar detection devices, nuclear fuel rods, mercury vapor 
lamps, high reflective glass, computer memories, these high temperature superconductors 
like that. In the renewable e
turbine next generation rechargeable batteries as you know battery is very very important 
so like this now in Indian context most of this rare earth element you know we are not 
self sufficient in the rare earth element and as you know China has significant global 
REE reserve in that country we are not so
the REE resources they are found in what we call the beach sand minerals BSM. So, 
India is blessed with vast coastline of 6000 kilometer over 9 states and these coastline 
they host a multi mineral placer deposit in the beach and dune sand. So, these beach sand, 
they contain seven critical minerals, seven important minerals, which are ilmenite, rutile, 
leucoxene, monazite, zircon, garnet, and sillimanite. All these seven are known as beach 
sand minerals. 
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This ilmenite, rutile, and leucoxene, they are major source of titanium. Titanium has 
application in the nuclear reactor, desalination plant, for manufacturi
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hafnium, indium, lithium, molybdenum, and so on. You will see there are 30 critical 
minerals the Ministry of Mines has identified. Now, these critical minerals normally 
occur in two sources. One is the primary source from the ore deposit, and secondly, they 
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in the fiber optics. Fiber optics, as you know, it is very, 
and transfer of the data. Lithium for the batteries, for the EV.
Nickel, similarly rubidium, strontium, these are the different critical minerals and our 
reserve position is not self
on other countries. So, because we are not self
collaboration with African countries, with other countries which are having these 
deposits. Now, one category of very
So, atomic mineral for example, uranite, pitchblende, cophenite, columbioite, tantalite, 
zircon, monazite, these minerals they contain naturally occurring radioactive elements 
like uranium and thorium. They have application in our 
the nuclear medicine, agriculture preservation, food preservation, water desalination and 
other high-tech industries. Now the Atomic Mineral Directorate for Exploration and 
Research, AMD, is responsible for exploration of t
established a substantial reserve in the Singhbhum belt as well as in the Tumlapally of the 
Andhra Pradesh. So, we have a reserve of about 1 lakh tons of Uranite.

Of course, the grade is very low, less than
0.055% U3O8. Now, apart from Jaduguda and the Tumlapally region, we have numerous 
smaller tonnage deposits. These are located in Bodal, Bandaritola, Jajawal in Madhya 
Pradesh, Kasa, Kandy, and other regions in the Himalayas. In th
also have these atomic mineral deposits. Now, until now, we have discussed the major 
minerals. 
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There is one last category of minerals. That is, the minor minerals. These minor minerals, 
as defined in Section 3, Clause (e) of the
Regulation) Act, 1957, come under the administrative control of the state governments. 
So, mostly, minor minerals include building stone, gravel, sand, boulder, clay, shell, and 
similar raw materials used for building r
others. So, these come under the state administrative machinery. So, we can summarize 
what we have discussed over the last two classes.

In the last two classes, we have classified the minerals, discussed the different types of 
minerals, and in this class, we have covered non
and critical minerals, atomic minerals, and also provided a brief overview of 
minerals.  
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The references have been given in the slides. If you want to read in detail, you can go 
through these references. There are some books, websites from which I have taken 
references, and some mineral yearbooks or reports prepared by variou
Government of India, such as t
Geological Survey of India. So, this is the end of today's class, Lecture 22. In Lecture 21, 
we discussed the different minerals. The role of minerals in our 
minerals in our economic growth, and the growth of the country.
So, I think this lecture has been informative for you, and I thank you for your very patient 
hearing. Thank you very much.
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Geological Survey of India. So, this is the end of today's class, Lecture 22. In Lecture 21, 
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minerals in our economic growth, and the growth of the country. 
So, I think this lecture has been informative for you, and I thank you for your very patient 
hearing. Thank you very much. 
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