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(142), Odisha (132), Andhra Pradesh (129), Chhattisgarh (112), Goa (87), 
Rajasthan (85), Maharashtra (75) and Jharkhand (58). These 10 states 
together accounted for 94% of the total number of mines in the country in 
2017-18 (Ministry of mines 2018). In 2017-18, Rajasthan was the leading 
producer of metallic, non-metallic and minor minerals followed by Odisha, 
Andhra Pradesh, Chhattisgarh and Karnataka (IBEF 2018). 

a   b 

 
c   d 

Figure 1.1. Distribution of minerals in India. 
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1.3. MINERAL RESOURCES IN INDIA 
 
Mineral resources are broadly classified into two categories: fuel and 

non-fuel (Khanna and Ganeshan 2010). Fuel minerals include fossil fuels 
such as oil, natural gas, and coal; while non-fuel minerals include metals, 
metal alloys, and non-metals. Minerals can also be classified on the 
economic point of view as suggested by the Indian Bureau of Mines is given 
below in Table 1.1.  

 
Table 1.1. Classification of minerals from the economic point of view 

 
Groups Minerals 
Metallic Minerals (Ferrous 
Group) 

Iron, Manganese, Chromite 

Metallic Minerals  
(Non-Ferrous Group) 

Bauxite, Copper, Lead & Zinc Antimony, Platinum Group of Metals 

Precious and Semi-Precious 
Minerals 

Diamond, Gold, Emerald, Garnet, Ruby, Sapphire, Silver 

Strategic Minerals  
Cobalt, Molybdenum, Nickel, Rare Earth Elements, Tin, Titanium 
Minerals, Tungsten, Vanadium 

Fertilizer Minerals  Phosphate(Apatite), Rock Phosphate, Potash, Pyrite, Sulphur (Native) 
Refractory Minerals Andalusite, Graphite, Kyanite, Magnesite, Sillimanite 
Ceramic and Glass Mineral  Wollastonite  

Other Industrial Minerals 
Asbestos, Borax, Diatomite, Fluorite, Limestone, Marl, Perlite, Rock 
Salt, Vermiculite, Zircon  

Minor Minerals 

Ball Clay, Barytes, Bentonite, Calcite, Chalk, China Clay, Corundum, 
Diaspore, Dolomite, Dunite, Feldspar, Fire Clay, Fuller's Earth, 
Granite, Gypsum, Laterite, Marble, Mica, Ochre, Pyrophyllite, Quartz 
& Silica Sand, Quartzite, Talc/Steatite/Soapstone, Shale, Slate 

Source: IBM 2018a. 

 
 

1.3.1. Fuel Minerals 
 
Fuel minerals like coal, crude oil, and natural gas (known as fossil fuels) 

are of industrial importance for the supply of energy. Mineral fuels are 
essential for generating power, required for agriculture, industry, transport 
and almost every other sector. These conventional sources are exhaustible 
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increased by 24.57% from 2009-10 to 2016-17 (Figure 1.2). However, the 
exports of the coal during 2007-08 to 2016-17 increased at a CAGR of 
27.22% against the decrease in imports by (-) 3.84% (CSO 2018).  

Lignite with its relatively low content is considered as the lowest rank 
of coal. Indian lignite deposits occur in the Tertiary sediments in the 
southern and western parts of peninsular shield particularly in Tamil Nadu, 
Pondicherry, Kerala, Gujarat & Rajasthan (Figure 1.3b), as well as in Jammu 
& Kashmir and Meghalaya (IBM 2018b). The production of lignite in the 
country has increased substantially in the recent decade (Table 1.2), 
however, there are some constraints in the development of lignite mines. 
About 80% of total lignite reserves in the country occur below the depth of 
150 m and mining of this lignite is not economical with the present-day 
technologies (Joshi 2013). It can be the major alternative to meet the 
increasing demand for thermal power and other industries. 

 

 

 
Figure 1.3. State-wise production of fuel minerals in India. Index is arranged in 

decreasing order of abundance from top to bottom in all the pie diagrams in order to 
make distinction clear in grayscale (Source: IBM 2018b). 
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1.3.1.2. Petroleum and Natural Gas 
Petroleum is a substantial resource that influences the geopolitics and 

economic strategies of a nation. It is a compound of carbon and hydrogen or 
a mixture of a variety of organic compounds in a variety of complex 
compounds. Petroleum and petroleum products are used for a variety of 
purposes such as motive power, lubrication and as raw material for 
manufacturing synthetic derivatives. India was the fourth-largest consumer 
of crude oil and petroleum products in the world in 2013 after the United 
States, China, and Japan (IBM 2016). A continuous declining trend is 
however observed since 2011 in petroleum (crude) production (Figure 1.4). 

 

 
Figure 1.4. Production, consumption and import of crude oil (Source: Ministry of 

Petroleum and Natural Gas 2015, 2016). 

 

Natural gas is obtained along with oil in all the oil fields but exclusive 
reserves have been located along the states along the eastern coast such as 
Tamil Nadu, Odisha and Andhra Pradesh, as well as other states such as 
Tripura, Rajasthan and off-shore wells in Gujarat and Maharashtra (NCERT 
2015). The offshore areas dominate the natural gas production scenario 
(Figure 1.3d). Due to the growing consumption of natural gas and wavering 
production levels, India is highly dependent on imports to meet its needs. 
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Table 1.2. Fuel minerals in India 
 

Commodity Geological Reserves 1-4-2017  
(in million tons) 

Year Production 

Proved Indicated Inferred Total Qty 
(th.ton) 

Value  
(Rs million.) 

Coal  143058 139311 32780 315149 2009-10 532042 498114.7 
2010-11 532694 620210.4 
2011-12 539950 701719.1 
2012-13 556402 747186.6 
2013-14 565765 825347.5 
2014-15 609179 892871.7 
2015-16 (P) 639230 883822.1 
2016-17 (P) 662792 NA 

Lignite 6540.71 26014 12143 44698.13 2009-10 34071 37756 
2010-11 37733 43307.2 
2011-12 42332 53376.5 
2012-13 46453 55114.1 
2013-14(P) 44271 59675.3 
2014-15 48270 81627 
2015-16 (P) 43842 74994.8 
2016-17 (P) 45230 NA 

Petroleum 
(crude)  

324.24 
(onshore 
areas)  

279.86 (offshore 
areas) 

604.10 
million 
tons 

2009-10 11819 213259.299 
2010-11 37684 688041.255 
2011-12 38090 692017.33 
2012-13 37862 688171.117 
2013-14(P) 37788 686826.11 
2014-15 37461 680882.633 
2015-16  36950 671594.812 
2016-17 (P) 36009 654491.413 

Natural 
Gas 

479.71 
billion  
cu m 
(onshore 
areas)  

810.10 billion cu m 
(offshore areas) 

1,289.81 
billion 
cu m 

2009-10 8684 32499.401 
2010-11 52219 334253.819 
2011-12 47559 342107.011 
2012-13 40679 336420.537 
2013-14(P) 35407 292820.422 
2014-15 33657 278347.698 
2015-16  32249 266703.357 
2016-17 (P) 32250 255265.765 

NA-Data Not Available, P-Provisional, Th tons-thousand tons, cu m- cubic meter. 
Source: Ministry of Petroleum and Natural Gas, 2016, 2018; IBM, 2018a. 
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iron ore in the world. During the year 1999-2000, 29.5 million tons of iron 
ore was exported of which, 50% was exported to Japan and 22% to China 
(TERI 2001). However, in 2015-16 the export was considerably decreased 
to 5.44 million tons from 7.30 million tons in the preceding year. This sharp 
decline in export was mainly due to the fall in Chinese demand and 
overexpansion of capacity by global majors such as Vale, BHP and Rio 
Tinto (Frontline 2016). Therefore, the blending of high-grade ore with 
medium grade ore for indigenous consumption as well as exports was done 
to meet the quality requirement. 

 
1.3.2.2. Manganese 

Manganese, a ferrous mineral, is used in the manufacturing of steel and 
many other alloys. India is a leading producer of manganese and exports a 
large portion of its total production. However, in recent years, the 
consumption of manganese in India has remarkably increased, making it the 
second most important consumer of manganese in the world after China. 
Indian manganese ore deposits occur mainly as metamorphosed bedded 
sedimentary deposits associated with Gondite Series (IBM 2018b). Orissa 
contributes the highest share in total resources (Figure 1.6c). Madhya 
Pradesh, Maharashtra, and Karnataka are other manganese producing States 
in India after Orissa (Figure 1.7b).  

 
1.3.2.3. Chromite 

Chromium is the most vital mineral commodity extracted from mineral 
chromite. It is used in metallurgy, chemical and refractory industries. 
Chromite (Cr) occurs exclusively in mafic and ultramafic igneous rocks 
(Papp and Lipin 2006). Though chromite is mined in over 20 countries, 
about 80% of its production comes from South Africa, India, Kazakhstan 
and Turkey (Kleynhans et al. 2012). The demand for chromite has been 
increasing across the world and so is its production, which has increased by 
21.59% from 2000-01 (3066Tht) to 2016-17 (3728Tht).  

In India, about 95% resources are located in Orissa (Fig 1.6d), mostly in 
the Sukinda valley in Cuttack and Jaipur districts and the remaining 5% 
resources are distributed in Manipur and Karnataka and meager quantities in 
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in the country is consumed by the metallurgical industry in producing 
alumina and aluminum and rest is followed by 4% in the cement industry, 
2% in refractory and other industries.  

 
1.3.2.5. Copper 

Copper is an important strategic non-ferrous metal (Chapter 2), 
commonly used in the manufacturing of electric wires and machines because 
it is malleable, ductile and high electrical and thermal conductivity. It is also 
used in the chemical industry. India is the net exporter of refined copper and 
importer of concrete (HCL 2014). India ranks 5th in global refined copper 
production and during FY18 refined copper production grew by 6.0% year-
over-year compared with 0.9% last year (CARE Ratings 2018). 

The largest (813 million tons) resources of copper ore are found in the 
state of Rajasthan (Figure 1.6f; IBM 2018b). Other producing states are 
Madhya Pradesh, Jharkhand, and Chhattisgarh (Figure 1.7d). A sizable 
deposit at Thanewasna in Maharashtra has been auctioned recently, which 
is expected to start production in coming years. On account of the inadequate 
quantity of known resources of copper and their low metal content, India is 
unable to be self-sufficient in copper consumption (Ray 1984). As India does 
not have enough reserves of this mineral (only 2% of world reserves), the 
country has to import this metal to meet the domestic requirements.  

 
1.3.2.6. Gold 

Gold is the precious metal having inordinate social and economic 
significance in India; which is the second-largest consumer of this precious 
metal in the world. Most of the major occurrences of gold in Archaean are 
restricted to the age of 2.7 billion years (GSI 1994). There are three 
important goldfields in the country, namely, Kolar Gold Field in Kolar 
district, Hatti Gold Field in Raichur district (both in Karnataka) and Ramgiri 
Gold Field in Anantpur district (Andhra Pradesh). Gold mineralization in 
Karnataka and Andhra Pradesh is hosted in ultramafic rocks talc-tremolite 
schist (Nuggihalli schist belt), metabasalts, meta-andesites (Gadag, KGF, 
Veligallu, Hutti, Ramagiri etc.,) meta-acid volcanics (southern part of KGF 
and part of Hosur-Champion in Gadag), and in metasedimentary rocks like 
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greywacke (Sangli-Mysore mine, Attikatti-Kabuliyatkatti) and in BIF 
(Ajjanahalli and Chinmulgund) (GSI 1994). 

 

 

 

 

 

 
Figure 1.6. State-wise metallic minerals resources in India (Source: IBM 2018a). 
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1.3.2.8. Silver 
Silver is a soft, lustrous and malleable metal which has several industrial 

uses. It is used for making ornaments, electroplating, photography, in 
photovoltaic market etc. It occurs as a primary constituent of the acid 
igneous rocks (Raja 2012). In India, there are no native silver deposits except 
for small and unique Bharak deposit of the silver in Rajasthan 
(Balasubramanian 2017). Rajasthan has the largest reserves/ resources of 
silver in India (Figure 6i). It is also the leading producer (about 99.96% 
production) of silver in India. However, India is one of the five largest 
consumers of silver in the world (IBM 2018). In recent years, demand for 
silver has shown a steady rise which is likely to be continued in future. As 
Indian production of silver is not significant, it has to import it to bridge the 
demand-supply gap. 

 

 

 
Figure 1.7. State-wise production of metallic minerals in India (Source: IBM 2018a). 

1.3.2.9. Tin 
Tin is an earliest known soft, silvery-white, highly malleable metal. In 

ancient times it was used mainly in bronze implements; although modern 
industries have many applications such as coatings for steel containers, 
soldering special alloys, and glassmaking. It is obtained mainly from 
cassiterite (SnO2). Most of the economically viable deposits of tin are the 
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placer deposits; however primary occurrence as disseminations in the 
gneisses and schists of Koraput district, Odisha (IBM 2018a). The resources 
are located chiefly in Haryana and Chhattisgarh (Figure 1.6i) and nominal 
resources in Odisha (IBM 2018b).  

 
 

1.3.3. Nonmetallic Minerals 
 
Non-metallic minerals are the earth's resources not mined for metal 

extraction or as a source of energy. Non-metallic resources include stone 
quarries, road gravels, sandpits, salt deposits, chemical and fertilizer mineral 
deposits, and natural gemstones. They have a long history in the 
development of civilization and also crucial for development in the modern 
world.  

 
1.3.3.1. Asbestos 

Asbestos has great commercial value due to its fibrous structure, 
filaments of high tensile strength and its great resistance to fire. It is most 
commonly occurred in altered ultramafic rocks, serpentinites and in some 
mafic rocks. The resources of asbestos (Chrysotile, Amphibole asbestos, 
Amosite, Anthophyllite, Tremolite, Crocidolite) occur in various parts of the 
country (Figure 1.8a); however, no production and no mines were reported 
in 2016-17 as well as in the preceding year (IBM 2018a). India's asbestos 
requirement is met through imports from Russia, Kazakhstan, Brazil and 
China (IBM 2018c). 

 
1.3.3.2. Diamond 

A variety of mantle-derived igneous rocks comprise the primary sources 
of diamond, with the principal hosts being ultrapotassic igneous rocks, 
chiefly, kimberlite and lamproite (Mitchell 1991), which are formed at the 
great mantle depths. These are transported through the breccia pipes called 
diatremes connecting their deep mantle sources. Until a couple of centuries 
back, India was the only diamond-producing country. The literature on 
diamond suggests that the occurrences of the diamond are almost entirely 
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confined to the eastern side of Deccan plateau (Swiecki 2011); about 90% 
of which reported from Madhya Pradesh (Figure 1.8b). This precious stone 
is used in making jewelry, in drilling hard rocks and cutting glasses and in 
making various instruments. In 2014, India mined 36,110 carats of diamonds 
from one industrial-scale mine and many artisanal mines; however, this was 
less than one-tenth of one percent of the world production of 125.5 million 
carats (BGS 2016). However, diamond cutting, polishing and jewelry 
making industry in India are blooming. India has imported 1,650.18 lakh 
carats of rough diamonds valued at $15.72 billion in 2018-19 (ET Bureau 
2019). It registered a growth of 10.2% on exports of cut and polished 
diamonds during 2016-17; making this industry as one of the most prolific 
industries in India. 

 
1.3.3.3. Fluorite (CaF2) 

Fluorite (also known as fluorspar) occurs in a variety of geologic 
environments all over the world. It is widely used in chemical, metallurgical 
and ceramic processes. Among the non-metallic minerals, it has now 
emerged as one of the basic raw material in modern science and technology 
(Lahiry 1974). The world reserves of fluorite are mainly concentrated in 
South Africa (17%), Mexico (13%), China (10%) and Mongolia (9%) 
(Parikh 2015) besides, China was the major producer in 2008. In India, the 
resources are distributed in Gujarat, Rajasthan, Chhattisgarh, and 
Maharashtra (Figure 1.8c); however, the total production in the country is 
scarce when compared to global statistics. The consumption and also the 
import of fluorite have increased in recent years. However, the fluorite 
mining caused serious health hazards such as dental and skeletal fluorosis 
endemic in the areas influenced by fluorites, especially Dongargaon-
Temurda in Chandrapur district of Maharashtra (Randive 2012).  

 
1.3.3.4. Garnet 

Garnet is a common metamorphic mineral that occurs in mineable 
quantities in some of the rocks such as schist and amphibolite (Kesler 1994). 
It is also found in sedimentary rocks and in magmatic rocks. Australia, 
China, India and the USA are the chief producers of garnet (McClarence 
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2014); however, the consumption hotspots remain North America, the 
Middle East and the Europe (Moore 2006). Figure 1.8d shows that Tamil 
Nadu is endowed with the largest deposit of garnet in India. The 68 km beach 
stretch of Navaladi-Periathalai, south of Tiruchendur in Tamil Nadu, shows 
a high concentration of almandine-rich garnet (up to 31 percent in raw sand) 
(Ali et al. 2001). According to Statista (2019), the volume of garnet 
production in India had decreased from 1,717.9 thousand metric tons in FY1 
2012 to 81.39 thousand metric tons in FY 2016; and in FY 2018 it had 
estimated to about 88.82 thousand metric tons. Besides, in 2017, the closure 
of mines in Australia and a crackdown on illegal mining and port restrictions 
in India decreased the world production of garnet reducing the import from 
India and Australia causing global supply shortage of garnet (USGS 2018a). 

 
1.3.3.5. Graphite 

Graphite is the crystalline variety of carbon, having the same chemical 
composition as diamond and occurs in crystalline and amorphous forms 
(Reddy 2010). India is ranked fourth in the world graphite production 
(USGS 2019). Both flaky and amorphous varieties of graphite are produced 
in India (IBM 2018b). Graphite occurrences are reported from different 
states in India (Figure 1.8e); of which about 69% being concentrated in 
Arunachal Pradesh and Jammu and Kashmir. China is unparalleled in the 
export value and volume of natural graphite, surpassing second-place Brazil 
by eight-fold (Sousa 2017). China is a major Graphite Electrode (GE) 
producer and exporter country and therefore commands its prices, 
influencing the global economy (Steel Mint Events 2019). Though the 
demands for GE are increasing, the changing market economics of 2018 led 
to a fall in Chinese GE prices which negatively affected the Indian market. 

 
1.3.3.6. Ilmenite 

Ilmenite is an important titanium-bearing mineral which has a wide 
range of uses in industry, especially as a feedstock2. It is a common 
accessory mineral in metamorphic and igneous rocks. Ilmenite, rutile, zircon 
                                                           
1 FY refers to the financial year. It is the period between 1 April and 31 March. 
2 Raw material supplied to a machine or industrial process. 
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Tamilnadu. Other resources are distributed in Andhra Pradesh, Karnataka, 
Rajasthan and Jharkhand (Figure. 1.8n IBM 2018c). The reserves of 
vermiculite are limited. 

 
1.3.3.19. Wollastonite (CaSiO3) 

Wollastonite is a glassy silicate mineral with low moisture and volatile 
content, low oil absorption, unique cleavage properties and high brightness 
and whiteness which makes it significant for industrial use. Wollastonite 
forms when impure limestones are metamorphosed or silica-bearing fluids 
are introduced into calcareous sediments during metamorphism (Virta 
2003). Presently, India is the world's second-largest producer of wollastonite 
after China (IBM 2018b). The deposits are reported from Dungarpur, Pali, 
Sirohi and Udaipur districts of Rajasthan, Ghoda area, Banaskantha district 
of Gujarat and Dharmapuri and Tirunelveli districts of Tamil Nadu (Figure 
1.8o; IBM 2018). 

 

 

 

 

Figure 1.8. Continues on page 28. 
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Figure 1.8. Statewise-distribution of non-metallic mineral resources in India  
(Source: IBM 2018a). 
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in hot spring deposits, and with hematite ore often associated with the 
minerals anglesite and celestine (NOVA mining 2014a). It is used in many 
industries to make a variety of barium compounds, to make high-density 
drilling mud for wells, as a pigment in paints, etc. Indian barite deposits are 
mostly of a vein or fracture fillings and bedded type. Andhra Pradesh alone 
accounts for more than 90% of the country's resources (Figure 1.9a). The 
Mangampeta deposit in Cuddapah district (Andhra Pradesh) is the single 
largest barytes deposit in the world. Minor occurrences of barytes are located 
in Rajasthan, West Bengal, Madhya Pradesh, Tamil Nadu, and Himachal 
Pradesh. 

 
1.3.4.2. Chalk 

Chalk is a sedimentary carbonate rock, a form of limestone mainly 
composed of mineral calcite. Its chemical composition is calcium carbonate 
with minor amounts of silt and clay (Huxley 1868). It forms under 
reasonably deep marine conditions from the gradual accumulation of minute 
shells shed by micro-organisms (IBM 2018a). It is widely used for writing 
on a blackboard, as filler in the production of paints and emulsions, in paper, 
rubber and glass and livestock industry and as a construction material. It is 
exported mainly to Nepal (81%), Bangladesh (6%), Bhutan (4%) and Egypt 
(2%); however, the export was decreased marginally to 481 tons in 2016-17 
from 490 tons in the previous year (IBM 2018b). 

 
1.3.4.3. Calcite (CaCO3) 

Calcite is an important rock-forming mineral in sedimentary rocks, 
significantly occurring in limestones, marbles, and chalks. It occurs as a 
common cementing material in the clastic sedimentary rocks, as gangue 
mineral in the hydrothermal veins; in alkali and mafic igneous rocks, and 
commonly occurs as speleothems in caves (AZoMining 2014). It is also 
known as Calc Spar; a pure crystallized transparent variety of calcite is 
known as 'Iceland Spar' which is used for optical purposes (IBM 2018b). 
Rajasthan has the largest share of calcite resources (Figure 1.9b). It is 
generally used as filler in rubber goods, textile, paints and coatings, as 
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1.3.4.14. Laterite 
Laterites are highly ferruginous surface crust formed by intense and 

prolonged weathering, especially in tropical areas. It mainly consists of 
quartz, zircon and oxides of titanium, iron, tin, aluminum and manganese 
which remain during the course of weathering (Tardy 1997). The 
occurrences of laterite are widespread in India (Figure 1.9n). These are 
specifically well-developed on the summits of hills of the Deccan, 
Karnataka, Kerala, Madhya Pradesh, Maharashtra, Malabar and parts of 
Assam (Raychaudhuri 1980). Almost all Indian bauxite deposits are 
associated with laterite, except those in Jammu & Kashmir (IBM 2018a). 

 
1.3.4.15. Limestone  

Limestone is a calcium carbonate-rich chemical sedimentary rock 
originated by precipitation of calcium carbonate, by the lithification of 
calcium carbonate sediments or by replacement of calcium sulfate or quartz 
by calcium carbonate (Sanders and Friedman 1967). Limestone altered by 
dynamic or contact metamorphism becomes coarsely crystalline marble and 
crystalline limestone (Balasubramanian 2017). Limestone is comprised of 
minerals like lime-shell, marl, kankar or lime kankar as well as calcareous 
sand and sea sand (Central Govt. 1972). It has wide range of applications 
across diverse industries such as cement, steel agriculture, paper, paint and 
others. The production of limestone and lime-shell were increased in 2016-
17 as compared to the preceding year. China and the United States being the 
leading producers dominate the global limestone market. In India, limestone 
resources are mainly distributed in the states of Karnataka, Andhra Pradesh, 
Rajasthan, Gujarat, Meghalaya, Telangana, Chhattisgarh and Madhya 
Pradesh (Figure 1.9o; IBM 2018a) and few occurrences in Maharashtra. 

 
1.3.4.16. Ochre 

Ochre is one of a variety of iron oxide which is described as earth-based 
pigments (Hirst 2017). It is composed of iron compounds such as haematite, 
goethite, and limonite. It varies in color from yellow to deep orange or 
brown. Various factors such as temperature, water, oxygen, radiation, 
weathering or exposure with other elements influence iron-based colors. 
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Figure 1.9. Continues on page 39. 
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Figure 1.9. Percent-wise distribution of minor minerals in India (Source: IBM 2018a-b). 

 
 

1.4. CONTRIBUTION OF MINERAL RESOURCES  
TO INDIAN ECONOMY 

 
Minerals have had an important impact on social and economic 

development. India, though endowed with mineral resources, a large and 
diverse area still remains unexploited in the light of modern concepts and 
technologies. Despite the richness of mineral resources, the mining industry 
of the country is not in its good health and riveted with a number of 
problems. The factors like incomplete geological database, weak 
infrastructure, weak governance and a dearth of technological expertise 
hamper the exploitation of resources. The private sector is yet to utilize the 
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full potential of the mining industry. The production rates are much lower, 
and there is a good scope to increase production provided that markets are 
established.  

In the current scenario, the resources must be sustainably exploited to 
transform the country from being a predominantly importing and consuming 
nation into a predominantly producing and exporting nation. With the 
reformation initiatives in NMP 2019, Indian mineral economy is prepared 
for its next wave of growth. There lie tremendous opportunities for the 
Indian mining sector to prosper and grow exponentially. It provides the 
direction and decision-making tools that will help to ensure industrial 
development. 

Mining resources are crucial in sustaining economies with its direct 
contribution to industrial development, employment generation and 
prosperity. Currently, the contribution of mining to GDP is less than 3%. In 
2016-17, the production of chromite increased by 28%, manganese ore by 
10%, iron ore by 21% and zinc concentrates by 1%; whereas the production 
of copper and bauxite were decreased by 11 and 12% respectively (IBM, 
2018b). Therefore, efforts will be needed to develop new technologies for 
improving the feasibility of conversion of existing mineral resources into 
viable economic resources (Vijay Kumar et al. 2015). Appropriate and 
efficient administrative machinery is needed to bring about the planned 
development of the nation. Proper planning and exploration strategy, 
assessment and development of new and re-conceptualization of old mineral 
resources can help to unpin the growth and stabilize the economy of the 
nation.  

 
 

SUMMARY 
 
Minerals are the valuable treasures of the country and the backbone of 

industrial development. The diversified groups of minerals are distributed in 
various states of India and provide a strong industrial base for the country. 
The mineral resources are broadly classified as metallic, non-metallic and 
fuels. India has geological similarity with many resource-rich countries like 
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Australia and Canada. The significant reserves of coal, most of the metallic 
minerals and some non-metallic minerals mostly occur in the peninsular 
region of India. Petroleum deposits are typically found in sedimentary basins 
of Gujarat and Assam. However, the alluvial plains of north India are 
relatively devoid of economically exploitable mineral deposits. India is 
among the leading producer of coal, iron, manganese, bauxite, mica and talc; 
however, it has yet to explore its full potential using technological 
advancements, R & D and major policy initiatives. 
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extraction and increasing state controls render more importance to some 
minerals and make that mineral strategic. The strategic minerals that have 
attracted considerable attention in recent years are the rare-earth elements. 
The rare earths along with other strategic minerals play a pivotal role in the 
economic regeneration and national security of a country. In India, the 
minerals of rare metals, viz., tin, tungsten, niobium, tantalum, lithium, 
barium, cesium, rubidium, zircon, cadmium, mercury, vanadium, 
molybdenum besides nickel and cobalt have been considered as strategic 
minerals (Figure 2.1). Presented below are the rare earths-bearing and other 
strategically important minerals, their resource availability and important 
uses. 

 

 

Figure 2.1. Periodic table highlighting strategic minerals in India. 

 
2.2.1. Rare Earths (REs) 

 
The rare earths are critical for use in a number of military and strategic 

systems. It encompass a group of closely related 17 elements which cluster 
near the bottom of the periodic table, namely scandium, yttrium, and 
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2.2.6. Cobalt 
 
Cobalt is a by-product metal. The principal minerals are smaltite 

(CoAs2) and skutterudite (CoAs3). It is used in high-performance alloys that 
contain little or no steel necessary for jet airplane engines. It is also essential 
for the manufacture of high-speed machine tool bits and permanent magnets 
used in precision electronics (Kirk 1985). Supply of cobalt is inflexible and 
totally depends upon the production of the metals with which it occurs 
(Wolfe 1984). In India, there are about 44.91 million tons of cobalt 
resources, of which 69% are in Orissa and the remaining 31% are in 
Nagaland and Jharkhand (IBM 2019). Presently, no production is known 
from the indigenous ores. In recent years, global production of refined cobalt 
has been higher than consumption, resulting in a market surplus resulting in 
downward pressure on prices. This trend is expected to continue in near 
future as production from new projects and expansions to existing operations 
add to supply of mined and refined cobalt (USGS 2015). Currently, cobalt 
reserves and production are dominated by the Democratic Republic of 
Congo. 

 
 

2.2.7. Gallium and Indium 
 
Gallium and Indium are used principally in the manufacturing of display 

screens and semiconductors. Gallium is used in electrical fields, reflecting 
surfaces, military devices, atomic piles and thermometry (Bateman 1959). 
China, Germany, Kazakhstan and Ukraine are leading producers of gallium 
(Ministry of Mines 2011a). In India, it is found in quartz-rocks from 
Kangundi gold mine in Chittoor, Andhra Pradesh and in manganese ores and 
mica from Nagpur, Maharashtra (Brown and Dey 2008). Scrap is a 
significant source of supply for gallium (IBM 2016).  

Indium is mainly produced as a by-product of the commercial extraction 
of zinc, lead, copper and tin. It is used as an indium-tin-oxide in flat-panels 
displays, as a solder for bonding metals, in touchscreens and photovoltaic 
cells. China, Canada, and Korea are major producers of Indium (Ministry of 
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Mines 2011a). Known resources of indium could be depleted within next 20 
years (Gupta et al. 2016). 

Although India has secondary sources of indium minerals locked within 
the large reserves of zinc and aluminum ores; the country does not possess 
enough technical competency to separate and commercially exploit them 
within reasonable cost considerations (Brown and Dey 2008). The demand 
for these minerals could easily become as large as 500 times the current 
domestic consumption. There is a future supply risk because of low 
substitutability in application fields and low production in selected 
countries. 

 
 

2.2.8. Germanium 
 
Germanium is a high-tech element used in fiber-optic components. Most 

of the germanium is recovered as a by-product of zinc smelting. Thus 
shortages could develop if zinc production declines (Plunkert 1985; Kesler 
1994). The demand for Germanium is rising due to its applications in high-
value sectors (electronics and metals). Major producers are China (79%), 
USA (14%) and Russia (7%) (Korinek and Kim 2010). India is likely to 
continue with 100% import dependency (Gupta et al. 2016a). Its recycling 
potentiality is low and substitutes are difficult to find. 

 
 

2.2.9. Lithium 
 
Lithium and its compounds have become extremely important after the 

Second World War. Known resources of lithium minerals are limited; a 
majority of those are hosted by pegmatites. Major lithium producing 
countries are China, Chile, Australia and Argentina. However, China and 
Chile together account for 85% of the total lithium reserves (Ministry of 
Mines 2011a). The lithium minerals so far identified in India are lepidolite, 
spodumene and amblygonite (Brown and Dey 2008). However, India has no 
reserve for lithium therefore domestic manufacturing of these components 
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(Roush 1939). India has long been a heavy producer of mica, about 80 per 
cent of which comes from the states of Bihar and Jharkhand. 

 
 

2.2.12. Molybdenum 
 
Molybdenum is vital for the development of nuclear power and water 

desalination plants; however, it is increasingly used in renewed mining 
technology and nanotechnology. Most important ore of molybdenum is 
molybdenite, which is found in very large low-grade disseminated deposits. 
Potential substitutes for molybdenum include chromium, vanadium, 
niobium (columbium), and boron in alloy steels; tungsten in tool steels; 
graphite, tungsten, and tantalum for refractory material in high-temperature 
electric furnaces (USGS 2015). The important Ore Geology Potential (OGP) 
sites in India for molybdenum are extension areas of Bhabani-Harur-
Uttangarai belt and hydrothermal setting in Bundelkhand granitoid complex. 
Investigations proposed by GSI for molybdenum during XII plan is in Harur-
Uttangarai Belt, of Dharmapuri district in Tamil Nadu (Ministry of Mines 
2011a). 

 
 

2.2.13. Nickel 
 
The average nickel content of the crustal rocks is about 0.01% (Wolfe 

1984). It is very important metal in the development of modern munitions. 
Principal applications are in the aerospace, aircraft, motor vehicle, and 
shipbuilding industries. It has also a number of other applications in the form 
of metal and alloy. The strategic nature of the nickel is due to its great 
importance as an alloying element in steel making and to the uneven global 
distribution of economically workable nickel resources. There are limited 
chances of substitution for nickel, which is used in the production of 
stainless steels, alloy steels, and nonferrous alloys as well as for 
electroplating.  
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antidepressant in the pharmaceutical industry. Rubidium atoms are used in 
academic research, including the development of quantum mechanics-based 
computing devices; a future application with potential for relatively high 
consumption. Cesium has only one natural compound pollucite 
[(Cs,Na)2Al2Si4O12·(H2O)], a hydrated silicate with aluminum. Rubidium 
and cesium can be used interchangeably in many applications because they 
have similar physical properties and atomic radii (USGS 2015). The market 
price is unavailable for cesium metal as it is not traded in commercial 
quantities. India is 100% import reliant for cesium minerals. 

 
 

2.2.16. Selenium 
 
Selenium is widely distributed in nature and found in most rocks and 

soils at the concentrations between 0.1 and 2.0 ppm (Fishbein 1983). Major 
selenium producers are Japan and Germany. In India Selenium is produced 
by Hindalco. It was also produced by Hindustan Copper Ltd (HCL) at its 
Ghatsila copper smelter but no production has been reported in the recent 
years. India imported 164 tons of Selenium in 2008-09 (Ministry of Mines 
2011a). 

 
 

2.2.17. Tantalum 
 
Tantalum is found in the mineral microlite [(Na,Ca)2Ta2O6(O,OH,F)]. It 

is found largely in pegmatites and veins associated with granitic intrusive 
rocks (Kesler 1994). It is used largely in capacitors for electronic appliances 
(Cunningham 1985). The advanced mining technology brings change in 
demand for tantalum which, in turn, may lead to strong price volatility. 
When the tantalum price increased sharply in the late 1990s, the electronics 
industry encouraged capacitor designers to improve their niobium capacitors 
and multiple ceramics capacitors in order to replace the tantalum 
components (Korinek and Kim 2010). This has resulted in a sharp decline in 
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its demand and price. In recent years, the demand for tantalum has raised 
from the high-value sectors such as electronics and metallurgy.  

There is no declared resource of tantalum in India, although its presence 
has been reported in tantalite-bearing tin ores and pegmatites of Bastar (IBM 
2014a). Indian electronics manufacturing industry would require nine times 
the current consumption of tantalum to produce high-performance micro-
capacitors. However, about 95% of global supplies of tantalum are 
controlled by a single country Brazil (Gupta et al. 2016a). Substitutes are 
difficult to find, whereas recycling potential is also low. 

 
 

2.2.18. Tin 
 
Tin is industrially the most important of all the nonferrous group of 

strategic metals. Its deposits are almost always found in veins associated 
with granite intrusions that probably formed by partial melting of 
sedimentary rocks (Sainsbury 1969; Taylor 1979). It is an important by-
product of tungsten veins and stockwork deposits and porphyry 
molybdenum deposits, where it probably has the same magmatic origin. It 
is also found as a trace constituent in some volcanogenic massive sulfide 
(VMS) and sedimentary exhalative (sedex) deposits. The dominant source 
of tin in the world is placer deposits. It was the first commodity to have 
worldwide producers and consumers to encourage its consumption. Tin 
reserves are estimated to be about 8 million tons of metal, most of which are 
in Southeast Asia (Kesler 1994).  

Three-quarters of the world production comes from only six countries 
and three of these, namely, Malaysia, Thailand and Indonesia represent a 
single tin-bearing region (Carlin 1985). Although tin is not critical to defense 
needs, it is regarded as strategic due to its geographically restricted 
production (Kesler 1994). Highly specialized distribution of tin and 
relatively less number of important tin producing countries and the fact that 
none of them are major consumers led to the formation of a unique cartel, 
known as the International Tin Council (ITC), which included producers as 
well as consumers (Kesler 1994). This was an attempt to stabilize the prices 
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of tin at a rate that encouraged manufacturing and consumption. As a result 
of which new tin producing countries outside the cartel entered the market 
(e.g., Brazil). This made the cartel loose its significance. India is one of the 
few producers which do not show a decrease in output during the depression 
period, but a constant increase. Part of the regular improvement in tin 
recovery is due to the fact that tungsten is associated with most of the ores, 
thus adding to the value of recovery (Roush 1939). Cassiterite has been 
found in Hazaribagh, Ranchi districts of Jharkhand and Gaya districts of 
Bihar but none of the occurrences are economically important (Brown and 
Dey 2008). 

 
 

2.2.19. Titanium 
 
Titanium is valued because of its high melting temperature and 

significantly lower weight than steel, because of which its demand has 
increased more rapidly than production. Therefore, the active titanium 
deposits exhausted rapidly worldwide, which brought it in the vanguard of 
minerals for which probing completely new source in the near future is 
indispensable (Force 1991). The major ores of titanium are Ilmenite (91-
96% TiO2), Rutile (45-65% TiO2), Brookite, Titanite and Perovskite.  

More than half of the titanium mineral production comes from placer 
deposits (Towner et al., 1988); most of which are beach dunes and sands that 
have been uplifted and preserved from erosion (Kesler 1994). At present, 
titanium is not being produced commercially in India. However, there are 
excellent reserves of titanium minerals like Ilmenite and Rutile. The demand 
for TiO2 is expected to increase rapidly in India. Current demand is about 
150,000 t/yr of titanium dioxide, which is partially met through imports of 
about 70%. 
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2.2.20. Tungsten 
 
Tungsten is a war metal, whose demand shoots-up during wartime and 

drops-down during peace (Wolfe 1984). Two important ores of tungsten are 
scheelite and wolframite. It is used in the defense industry, making it a 
strategic material for India. It is also used in the steel industry, usually in the 
form of an alloy with iron. It has widespread uses in metallurgy. Purely 
industrial uses of tungsten compounds are also known (Roush 1939). Most 
important military uses are the ordinary commercial applications that are 
involved in the production of military equipment of all kinds. It is also 
required in the manufacture of ammunition, armor plates and heavy guns. It 
is a staple ingredient of high-speed steel tools required for fast and efficient 
production of weapons and ammunition. Demand for tungsten products 
continues to grow with the perpetual increase in its consumption. 

 
 

2.2.21. Zirconium 
 
Zircon is a common constituent of granitic rocks generally associated 

with igneous rocks and occurs in beach sands along with ilmenite and 
monazite. It is used principally to form the zirconium-uranium sandwich 
used in nuclear power plants (Wolfe 1984). Pure zirconium is resistant to 
heat and corrosion and has a complete inability to capture thermal neutrons 
(Sinha and Sharma 1970). 

Over 70% of the free world production of zircon comes from the sand 
deposits in Australia. In India, it is found in the beach sands between Kollam 
and Kanyakumari, and in the coastal tracts of Ramnathapuram, 
Visakhapatnam, Thanjavur and Tirunelveli districts. The production of 
zirconium for the last five years is 30,000 TPA, whereas the current demand 
is ~65,000 TPA. This demand is likely to rise in high-value chemical 
manufacturing and electronics sector. Although the reserve depletion time is 
very high (53 years), lesser options for substitutes and difficulty in recycling 
makes it susceptible to high risk (Gupta et al. 2016). 
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2.3. UTILITY IN DIVERSE PERSPECTIVE 
 
Rare earths and other strategic minerals have unique nuclear, 

luminescent, metallurgical, electrical, magnetic and catalytic properties and 
so are indispensable for military and high-technology applications. These 
are strategically very important due to their use in diverse technologies. 
These minerals have gained importance in defense, economic value chain 
and emerging technologies. These technologies are integrated into every 
sphere of human life from general household appliances to military 
hardware and therapeutic applications and cater to several needs of the 
society. The minerals are extensively used in defense-related systems and 
various green energy technologies (Table 2.1). 

In India, many developmental schemes like Make in India and Digital 
India were launched in order to boost the manufacturing sector. In the on-
going ventures and hi-tech systems, materials with specific properties are 
required for various economic, defense and environmental purposes. The 
REE and other strategic minerals find exclusive importance in the 
manufacture of electric vehicles, solar panels, flat panel displays, LEDs, 
lasers, semiconductors, production of microcircuits and thin films that is 
why these minerals are in high demand.  
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Table 2.1. Applications of REE and other strategic minerals in 
defense, developmental and environmental perspective 

 
Technologies Elements 
Nuclear Power Gadolinium 
Wind turbines/ Wind Power Neodymium, Praseodymium, 

Dysprosium, Terbium, Zirconium 
Electric Vehicles (EV), Hybrid vehicles 
(batteries, motor, catalytic converter) 

Lanthanum, dysprosium, Neodymium, 
Cerium, Dysprosium, Terbium  

Computer hard-disks, microphones, fiber 
optics 

Praseodymium, Samarium, Gadolinium, 
Germanium, Bismuth 

Clean and renewable energy sources, solar 
photovoltaic (PV) and concentrated solar 
thermal technologies 

Gallium, Indium, Tellurium and 
Selenium 

Fluorescent lamps/LED Europium, Terbium and Yttrium 
Mercury-vapor lamps, Scandium, Europium 
Rare-earth magnets Praseodymium, Neodymium, Samarium 
Lasers Praseodymium, Neodymium, Samarium, 

Europium, Holmium, Thulium  
Nuclear batteries/atomic battery, nuclear 
battery, tritium battery or radioisotope 
generator 

Beryllium, Promethium  

Aerospace, Missiles, Aircraft, Aero engines Scandium, Zirconium, Molybdenum, 
Chromium, Cadmium 

Neodymium based magnets (NdFeB, NIB 
or Neo magnet)/ Type of rare-earth magnet 

Terbium, Dysprosium 

Nuclear medicine, Biomedical  Ytterbium, Praseodymium, Cerium, 
Samarium 

Detection & navigation System Cobalt, Tungsten 
Ammunition Antimony, Bismuth 

 
Hi-tech use related to strategic areas includes defense, fiber-optic 

communications, rechargeable batteries, consumer electronics, specialty 
alloys, space and nuclear energy. These minerals are part and parcel of 
several emergent technologies like wind turbines, tesla electric cars, medical 
tools, military hardware and so on. Also, a number of defense and space 
technologies needs rare earth permanent magnets i.e., magnets made from 
alloys of REE; for example Neodymium magnet. Terfenol D, an alloy of 
terbium, iron and dysprosium, has unique properties that are used in sonar 
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2.5.1. Resource-Based Economy and Rising Conflicts 
 
REE and other strategic minerals, given their uneven geographical 

distribution, the difficulty of extraction and processing, discontinuous 
production chain, pose a strong challenge of global economic warfare. The 
dependence for the hi-tech materials required in the energy, aerospace, 
nuclear power and in defense sectors on other countries gives geopolitical 
leverage to a country. This has fueled the issue of resource security. The 
growing demand for certain metals, the consequent difficulties in access to 
raw materials, lack of comparable and reliable substitutes and the 
monopolization of supply sources will generate an ever more complex 
global struggle over the exploration, extraction, and processing of raw 
materials. The dependence, especially on other competing economic and 
military powers such as China, gives immense bargain power to the 
competitors. At times, the demand for specific rare earth metals surges 
because of the additional demand created by stockpiling and speculation in 
response to the uncertainty of supplies in the future (Campbell 2014).  
It promotes the mineral resource commodities as the geopolitical weapon in 
the rising economic conflicts. Thus, the global economic warfare raises the 
need to reduce import dependencies of certain materials and therefore 
protect related industries from unexpected external supply shocks as well as 
improve the trade balance. Also, it needs trade-based economies to think 
strategically to avoid being at the mercy of overseas competitors. 

 
 

2.5.2. Rare-Earth Dilemma and Challenges  
 
Rare earth has several applications in diverse technologies; however, its 

exploration, extraction and processing cause environmental problems. On 
one side, it is a significant component of green technologies, while on the 
other side its mining is destructive and toxic causing damage to ecology, as 
well as health and safety of a person. The mining of rare earth metals 
involves creating radioactive waste (from the thorium present in the ores) 
that can contaminate water and air (Campbell 2014). For example, 
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dysprosium often occurs along with thorium or uranium. The only known 
occurrence without significant radioactive byproducts is the ion adsorption 
clays of southern China (Constantinides 2012). So policy initiatives and 
strict environmental standards for mining of these materials are needed. 

 
 

2.5.3. Strategic Initiative 
 
Based on the discovery, availability, and exploration of economically 

extractable deposits, there is a need for the development of an appropriate 
strategy for indigenous production of strategic materials. Use of the 
geological domain in strategic planning, innovative mining technology can 
assess and facilitates the discovery and economic extraction of resources. It 
is essential to develop technological capabilities to ensure long term 
materials security. The beneficiation techniques should be developed in 
accordance with the international standards and state of the art technologies 
for the extraction of high value and strategically important minerals 
(Ministry of Mines 2011a).  

Bilateral agreements considering the demands and geopolitical leverage 
help in technology transfer and to secure the resources. Securing strategic 
resources through stockpiling and also recovery of material through 
recycling is an efficient way for winning valuable and critical elements from 
wastes. It would become the best initiative to conserve resources and ensure 
a sustainable supply over the years. Several countries like USA, Japan, and 
Germany have developed the technology and got patents for recycling of 
strategically important material from wastes. German researchers have 
developed a hydrometallurgical process to recover REs from the slag of 
pyro-metallurgical treatment of used Ni-MH batteries (Koyama and Tanaka, 
2009). Osram has a patent on recycling from discharge lamps and 
fluorescent lamps (United States Patent Application Publication, 2009). 
Considering the supply-chain disruption and resource security concerns, 
India needs to develop the technological capability for recycling and 
material recovery. Collaborative research can bridge the existing gap 
between the production of strategic minerals and their use in various 
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would generate the immense and chronic deficit that threatens to raise the 
value of mineral resources for the rest of our lifetime and beyond. Several 
appliances, machinery that makes life comfortable are made up of metals 
and driven by energy from fossil fuels. As the standard of living increases, 
there is a significant rise in per capita consumption, therefore maintaining 
this balance becomes critical. 

The craving for mineral resources is so much that even huge mineral 
deposits are being exhausted rapidly creating a perpetual need for search of 
new mineral deposits or their substitutes. The finite mineral resources are 
being used by the fastest growing population and their consumption is even 
faster than the population growth. The rising production costs, the risks of 
domestic shortages and global supply disruptions jeopardize resource 
availability. Therefore, judicious exploitation and utilization of this mineral 
wealth pose an important rider for the harmonic economic development of 
the nation. 

 
 

3.2. FACTORS GOVERNING MINERAL AVAILABILITY 
 
The principal factor affecting the development of the mineral economy 

is the availability of resources. Wide availability of minerals in the form of 
abundant rich reserves, as well as ecologically and geologically favorable 
conditions would make a conducive environment for the growth and 
development of the mining sector in India (Ministry of Mines 2016a). 
However, this availability of mineral resources is subject to major five 
factors, namely, geologic, engineering, economic, environmental, and 
political. They undergo constant transformations and on that basis, minerals 
are divided into three major categories: the surplus, self-sufficient and deficit 
minerals.  
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geologically scarce minerals must be used sustainably so that the future 
generations can use them and also to ensure that they do not become 
exorbitantly expensive for the future generations. 

Sustainability may cause limitations in the exploration and extraction of 
mineral resources and somehow affects the supply of minerals. Resources 
are geologically uncertain and may never be economically extracted, and are 
more indicative of the natural endowment since they come into being with 
relatively little application of capital to nature (Davis 2010). Some mineral 
resources are abundant, some are scarce; all are nonrenewable. The 
extractable ores of geologically scarcest mineral resources in India such as 
petroleum may be exhausted within a span of few decades at the present rate 
of extraction. And this exhaustion of essential mineral resources would make 
economic growth infeasible sometime in the next century. For countering 
this, the most lauded principle is the sustainable development. It is a kind of 
development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs (WCED 1987). 
Therefore it is important that the doctrine of sustainable development of 
mineral resources be followed religiously.  

 
 

3.7. DEMAND, SUPPLY AND SELF SUFFICIENCY 
 
Mineral supply depends on whether the known mineral deposits are 

profitable for extraction with current or future technology and under current 
or future market conditions (De Ridder 2013). India continued to be wholly 
or largely self-sufficient in minerals which constitute primary mineral raw 
materials, to list, iron & steel, ferroalloys, aluminum, cement, various types 
of refractories, china clay-based ceramics, glass, chemicals like caustic soda, 
soda ash, calcium carbide, titania white pigment etc. (IBM 2012). 

However, in view of the rapidly increasing demand upon mineral 
supplies, it becomes imperative that persistent efforts should be made to 
trace hidden reserves of the mineral fuels and ores. One of the estimates 
suggests that the demand for iron-ore is likely to grow at 2 to 5% globally 
over the next 10 years and even beyond (Ministry of Mines 2011b). Relative 
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4.2.2. Regulatory Authority 
 
The regulatory authority for mining sector considering its vigorous state 

of affairs may initiate from large constitutional setup, allied laws and 
administrative regulations or ordinances. Considering the legal extent, the 
regulatory authorities involve several regulated entities to comply with 
several levels of regulation. Under the Constitution, state governments have 
been given powers under entry 23 of List II to regulate mines and the 
development of minerals, subject to entry 54 of List I, which allows the 
central government to exercise powers concerning the regulation of mines 
and the development of minerals to the extent that such regulation and 
development is declared by the parliament to be in the public interest. Apart 
from these entries, the state governments have been granted the power to 
impose taxes on mineral rights under entry 50 of List-II (George et al. 2014). 

Under the Constitution of India, management of mineral resources is the 
responsibility of the Central Government and the State Governments in 
terms of the Union List and State List respectively. There is a duality of 
control over mineral resources in India. This is the consequence of the 
constitutional arrangements which provide a proprietary title of onshore 
minerals to constituent States while keeping the regulatory powers with the 
Central Government (Planning Commission 2012a). Therefore the Central 
Government is the owner of the minerals underlying the ocean within the 
territorial waters or the Exclusive Economic Zone of India, while the State 
Governments are the owners of minerals located within the boundary of the 
State concerned (PIB 2011). The Central Government, in consultation with 
the State Governments, formulates the legal measures for the regulation of 
mines and minerals in order to ensure basic uniformity in mineral 
administration. It also maintains the pace of development of mineral 
resources, in consonance with the national policy goals (Ministry of mines 
1996). The Ministry will consolidate its structures in order to coordinate and 
implement the acts and legislations related to the mineral sector and also to 
account for changes that have occurred in this sector to date, and to reflect 
the new mining laws. The Ministry has to work closely with other ministries 
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and agencies, the private sector and all other stakeholders in the 
implementation of policies. 

 
 

4.3. REGULATION STRATEGIES 
 
Since the 19th century in view of the prominence of mineral economics, 

there have been laws guiding and regulating mining activities. The 
comprehensive legislative framework for mining regulates the affairs 
between mineral sector, mining activities and environment and socio-
economic areas. A comprehensive mining regulatory scheme has been 
developed to govern mining operations in the country. It assists the 
government to conduct reviews and diagnostics to improve the institutional 
capacity and structure for the mineral sector. In many cases, the regulatory 
responsibilities have been delegated to state agencies, which have in turn 
developed their own sets of laws and regulations. These independent mining 
regulatory authorities at the central and state level ensure transparency and 
reliability in primary regulatory mechanisms in accordance with globally 
recognized technical standards. It ensures the allocation of adequate 
resources to institutions and agencies responsible for mineral issues. It 
provides guidelines to establish an institution to spearhead and participate in 
mining activities in the country. It advocates the rights, duties and 
obligations of the government and of the exploration and mining companies 
as well as the applicable restrictions. Accordingly, the ownership of state-
land minerals is controlled by state law and varies from state to state. It set 
up the mechanisms to promote transparency and accountability in the 
mineral sector.  

Furthermore, mining is associated with a number of social issues that 
need to be taken into consideration. Such challenges are social injustices, 
health, job opportunities, education and gender imbalances. Therefore, these 
acts and legislations comply with local and international occupational health 
and safety standards. It formulates, enforces and monitors laws on the 
environmental matters pertaining to mining. It also establishes mechanisms 
for appropriate compensation for the people and communities that are 
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in March 1948 as the main regulatory agency for monitoring and supervising 
mining activity in the country (Ministry of Mines 2012a). 

Legislations related to mining covers all the parts included in the mining 
operations from the process of mining licensing, ownership, also defines the 
role of both central as well as state government. As every state is diverse in 
many aspects viz., geological, social, and political; it is guided by different 
laws of mining. Furthermore, the laws are constantly upgraded on the basis 
of implementation of the existing act, recommendations by respective 
organizations or committees, international experiences and standards, and 
research and development in that sector. These amendments in the respective 
acts specify the policy shift and the changes in mineral development strategy 
with time. 

 
 

4.4.1. Basic Laws Governing Mining in India 
 
The Mines act 1952 and the Mines and Minerals (Development and 

Regulation) act 1957 together with the rules and regulations framed under 
them, constitute the basic laws governing the mining sector in India (Ahmad 
2014). It included some key legal and regulatory mechanisms to govern all 
stages of mining. 

 
4.4.1.1. The Mines Act 

In the year 1952, the Mine Act was enforced, which was intended to 
regulate mining and associated matters throughout India. It prevailed as the 
important part of legislation regulating the operations of the mineral sector. 
It has ensured the health and safety and welfare of workers working in the 
mines. It also dealt with the working hours and the wages of the workers. 
Though this act has made several provisions for protecting the workers, it 
had been open to the new amendments. This act was comprehensively 
amended in 1983 and 2011 with necessary modifications in support of 
workers employed in the mine. Also, a set of rules (Table 4.1) were framed 
to provide additional facilities. 
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The Mines (Amendment) Act 1983 prohibited the employment of 
children below 18 years of age in any mine. The 1983 amendments initiated 
increasing technological development and development in the working 
environment. The main purpose of establishing licensing system was for 
promoting environmental protection, hazardous material control, safety and 
effectiveness of medicines, controlling the use of scarce and finite resources 
and protecting workers safety and rights, which have been ensured by this 
Act (PIB 2010). The Mines (Amendment) Act 2011 provided a mechanism 
to secure the safe environment to miners considering the adoption of 
upgraded technologies in mines. The existing act has been extended to cover 
whole India including territorial waters, continental shelf, exclusive 
economic zones and other maritime zones of India (PIB 2010). 

 
4.4.1.2. The Mines and Minerals (Development and Regulation) 
(MMDR) Act 

MMDR was a significant move for economic and industrial upliftment 
and to integrate the Indian economy with the global economy. It had created 
a conducive and enabling environment to encourage an inflow of capital 
investment and technology. The Mines and Minerals (Development and 
Regulation) Act 1957 laid down the legal framework for the regulation of 
mines and development of all minerals other than petroleum and natural gas 
(Ministry of Mines 2008). It has regulated the mining industry in India and 
specified the requirement for obtaining and granting mining leases for 
mining operations. Section 23C of MMDR Act, 1957 empowered the State 
Government to make rules for preventing illegal mining transportation and 
storage of minerals (Ministry of Mines 2012b). Section 15 of the MMDR 
Act empowered state governments to make rules for the regulation of grant 
of mineral concessions for minor minerals (Ministry of Mines, 2016c). 
Certain provisions of the Mines and Minerals Development and Regulation 
(MMDR) Act, 1957 were amended in the subsequent acts in 1958, 1960, 
1972, 1978, 1986, 1994, 1999, 2010 and 2015. It seeks to address emergent 
policy and regulatory issues pertaining to the mining industry. 

The MMDR act enables all the states to exercise their powers within a 
uniform national framework, and the primary powers of the state 
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protection statues, namely the Water (Prevention and Control of Pollution) 
Act, 1974, the Air (Prevention and Control of Pollution) Act, 1981, Forest 
(Conversation) Act 1980 and the Environment (Protection) Act, 1986 
(Kumar and Verma 2018). 

This legislation and regulations play an important role in framing how 
sustainable development should be implicit in the context of mining. It 
supports public participation, impact assessment and environmental 
management system. Therefore, the mining companies need to comply with 
a range of other laws which regulate mining impacts on the environment. 
However, current political discourse, societal rules and academic research 
influence both, if and how mining should be conducted. It is therefore 
important for society as a whole that mining laws should reflect the interests 
of and relationship between landowners, mineral owners, miners and the 
state. The mining laws and environment management system should work 
in harmony and balance the environmental issues with those relating to the 
exploitation of mineral resources for sustainable economic growth. These 
laws should guide decision-making throughout the mining life-cycle. After 
minerals are exhausted, efforts must be made to return the land to the 
community, reforesting and restoring the area to the maximum extent 
possible (Kumar and Verma 2018). 

Developed countries generally have more sophisticated legislation or 
capacity to control compliance, for example, to limit environmental 
degradation. Many countries reformed their mineral legislation in order to 
attract investment and encourage prospecting. More recently, there has been 
a trend towards strengthening state control, with the aim to extract more 
benefits from the mining boom (Williams 2012). Stakeholders such as 
NGOs have influenced the legislation for safeguarding environmental, 
social and cultural concerns (Liedholm-Johnson 2010). 

 
 

4.4.3. Health and Safety Related Legislation 
 
In mining sector, health and safety of the workers are always a prime 

concern (Verma and Chaudhari 2017). Fatal and serious accidents occur in 
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mines from time to time. The first major disaster in mining in Kolar 
Goldfields killed 52 persons in 1897. In 1975, the most dangerous mine 
accident hit the Chasnala coal mine (Dhanbad) killing 372 persons. Apart 
from this, the noise, dust, heat, humidity, vibration etc. from mines give 
exposure to health hazards and cause occupational diseases like silicosis, 
asbestosis, hearing impairment, pneumoconiosis, and so on. Therefore, there 
is a need to strengthen the laws to prevent mining accidents. The 
Constitution of India has empowered the parliament to frame laws for 
safeguarding the health, safety and property of workers employed in mines 
(Entry 55-Union List- Article 246). These regulations set out detailed safety 
and health standards for preventing occupational disease and hazards during 
mining operations and provide technical assistance. The Mines Act, 1952 
and the Mines Rules, 1955 are related to the regulation of labor and safety 
in mines. 

 
 

4.4.4. Labor-Related Legislations 
 
Many people are directly or indirectly employed in the mining sector. 

Private companies normally want to make as much profit as they can. In 
their drive for profits, workers are denied fair wages by their employers. 
Also, women workers are the most exploited in the mining sector and also 
get fewer wages than men. The potential societal and environmental impacts 
of mining intensify the need for closer scrutiny of how the workers have 
been exploited and assessed the established mining laws. To protect workers 
from such exploitation, there are some labor-related laws. These laws are 
meant to protect the interests of mine employees. As per Article 24 of the 
constitution, employment of child below 14 years in the mining industry is 
prohibited. The Mines act 1952 prescribes the number of working hours in 
the mines, the minimum wage rate and other related matters. Also, the other 
labor-related legislation like the Factories Act (1948) and the Industrial 
Disputes Act (1947) are applicable to the mining industry. 
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4.4.5. Other Acts 
 
With the aim of avoiding economic concentration of the power in the 

Indian economy; Monopolies and Restrictive Trade Practices (MRTP) Act, 
1969 was enacted in India. With the emphasis on productivity in the Sixth 
Plan, major amendments to the MRTP Act were carried out in 1982 and 
1984 for removing impediments to industrial growth and expansion. This 
act required different initiatives to seek clearances at different milestones of 
growth. With the advancement of the economy, a realization dawned that 
promoting competition is necessary over curbing monopolies (Chaudhari, 
2016). So, this act was repealed and replaced by the Competition Act 2002. 
It focuses more on the behavior of enterprises and not on the structure. The 
Act does not discriminate between public and private enterprises as far as 
the competition law enforcement is concerned (Ministry of Commerce and 
Industry, 2009). 

Micro, Small and Medium Enterprises Development (MSMED) 
Act2006 was enacted to provide a legal framework to address the 
development concerns of small & medium enterprises (SMEs). 

 
 

4.5. GOVERNMENT BODIES ADMINISTERING  
MINING INDUSTRY 

 
4.5.1. Ministry of Mines 

 
The Ministry of Mines is responsible for administration and control of 

rules, regulations and laws relating to mines in India. It coordinates with 
other ministries; organize mining sector agencies; promote mining activities 
and investment opportunities and compile and issue statistical data. The 
Ministry of Mines helps through assessment of geological and regional 
mineral resources of the country through scientific surveys and research and 
for locating mineral resources and geological mapping (Ministry of mines 
2015a). The Ministry of mines ensures higher administrative competence, 
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development of a transparent regulatory mechanism by the implementation 
of modern laws, regulations and establishment of the progressive system. 

 
 

4.5.2. Indian Bureau of Mines 
 
The Indian Bureau of Mines (IBM), a subordinate office of Ministry of 

Mines, regulates mining activity through processing and approving of 
mining plans and also advises the government on matters with regard to 
mineral industry, export and import policies, trade, mineral legislation and 
related matters. IBM also functions as the Data Bank of Mines and Minerals 
and publishes statistical periodicals (Ministry of Mines 2015a). It performs 
regulatory functions with respect to the relevant provisions of Mines and 
Minerals (Development and Regulation) Act, 1957 and enforcement of the 
rules framed thereunder, namely Mineral Conservation and Development 
Rules, 1988, Mineral Concession Rules, 1960, Environmental (Protection) 
Act, 1986 and Rules made thereunder (Adukia 2012). 

 
 

4.6. MAJOR PLAYERS IN INDIAN MINING SECTOR 
 

Mining legislations provide the road ahead for the industry stakeholders 
and government officials and gives positive outlook and significance to the 
Indian economy. Public and private sectors play complementary roles, 
remaining active partners in the common tasks of development. The 
performances of public and private firms differ on account of their 
productivity, environmental concert and social amenability. The 
Government/ public sector focuses mainly on fuel and metallic minerals, 
whereas captive/ private sector on metallic and non-metallic minerals 
(Figure 4.1) (VEDP 2014).  
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Figure 4.1. Major players in mining industry (Source: VEDP 2014; Ahmad 2014). 

The participation of private players is expected to increase production and 
will bring in more capital, better technology and superior managerial skills, 
thus raising the overall productivity of the mining sector (Das and 
Choudhary 2013). However, the greater participation of private firms in the 
mining industry creates more environmental damage (Akabzaa and 
Darimani 2001). 

 
 

4.7. IMPACT OF REFORMS ON THE INDIAN ECONOMY 
 
Although the mining sector has tremendous potential, it is suffered by a 

range of problems affecting its ability to optimally contribute to the 
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make it in line with other sectoral legislation and to ensure that it reflects 
best practices and procedures of other countries with important mineral 
sectors. So, these acts and legislations would need to open up the sector to 
enhanced activity from existing and new players, and thereby increase the 
productivity of the mining sector. Since independence to recent, there had 
been a series of initiatives from the government side (Table 4.1). Policies, 
acts and regulations were implemented to raise the efficiency to the 
international level and accelerate the economic growth engine (Randive et 
al. 2017b). 

 
Table 4.1. Historical perspective of mineral-related policies of 

independent India 
 

Year Policy/Legislation Description Reference 
1948 Industrial Policy 

Resolution 
A resolution first adopted by the Indian 
Parliament in April 1948. This policy 
resolution laid stress on the role of the state in 
the development of industries. The industrial 
activities were divided into four broad areas: 
items under central government control, items 
under state government control, items of basic 
importance (planned and regulated by central 
government) and items for the private sector. 

MSME 
2016 

1948 The Mines and 
Mineral (Regulation 
and Development) 
Act 

Act no. 53 of 1948 was to provide for the 
regulation of mines and oil fields and for the 
development of minerals. It extends to all the 
Provinces of India and also to any Acceding 
State for which the Central Legislature has for 
the time being the power to make laws as 
respects mines and oilfields and the 
development of minerals. 

Ministry 
of Mines 
1948 

1955 The Mines Rules The Central Government in exercise of the 
powers conferred by section 58 of the Mines 
Act 1952, subsection (1) of section 59 of the 
said act put forth the rules. These rules set out 
health and sanitation provisions for workers in 
mines. It outlined the framework for the basic 
health examination of persons employed in 
mines and sanitation provisions and welfare 
facilities for miners and their families. 

Ministry 
of Labor 
1955 
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Table 4.1. (Continued) 
 

Year Policy/Legislation Description Reference 
1956 Industrial Policy 

Resolution 
This policy resolution outlined the approach 
to industrial growth and development and is 
adopted to constitute the basic economic 
policy for the long term. It provides the 
economic foundations for improving living 
standards and working conditions and for 
increasing opportunities for productive 
employment. 

MSME 2016 

1956 Mining Leases 
(Modification of 
Terms) Rules 

The rules are made by Central Government 
in exercise of the powers conferred by 
section 7 of the Mines and Minerals 
(Regulation and Development) Act, 1948 
(53 of 1948). On June 1999 the amendment 
to the Mining Leases (Modification of 
Terms) Rules, 1956 has been notified at par 
with those in the MCR, 1960 and MCDR, 
1988. 

Ministry of 
mines 1956 

1957 Coal Bearing Areas 
(Acquisition and 
Development) Act 

An Act to establish public control over the 
coal mining industry and its development 
by providing for the acquisition by the State 
of unworked land containing or likely to 
contain coal deposits. This act was amended 
in the years 1960, 1969 and 1971. 

Ministry of 
Law, Justice 
and 
Company 
Affairs 1957 

1957 The Coal Mines 
Regulations 

These regulations are made by Central 
Government in exercise of the powers 
conferred by section 57 of the Mines Act, 
1952 and in supersession of the Indian Coal 
Mines Regulations, 1926. These put down 
various precautions and standards from the 
perspective of the workplace environment 
in the mines. 

Ministry of 
Labor and 
Employment 
1957 

1957 Mines and Minerals 
(Development and 
Regulation) 
(MMDR) 

Act no. 67 of 1957 was enacted by 
Parliament to provide for the regulation of 
mines and development of minerals under 
the control of the Union Government. This 
act was amended in the years 1958, 1960, 
1972, 1978, 1986, 1994, 1999, 2010 and 
2015. 

Gazette of 
India 1957 
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Year Policy/Legislation Description Reference 
1961 Metalliferous Mines 

Regulations 
The regulations are made by the Central 
Government in exercise of the powers 
conferred by section 57 of the Mines act, 
1952 to deal with matters for the 
prevention of possible dangers in mining 
in India. These regulations are applicable 
to all mines other than coal mines and oil 
wells concerning notification of an 
accident or disease inside a mine. 

Ministry of 
Labor and 
employment 
1961 

1962 The Atomic Energy 
Act 

An Act no. 33 of 1962 was enacted by 
Parliament for the development, control 
and use of atomic energy for the welfare 
of the people of India and for other 
peaceful purposes and for matters 
connected therewith. This act empowered 
government to produce, develop, use and 
dispose of atomic energy either by itself 
or through any authority or Corporation 
established by it or a Government 
company and carry out research into any 
matter connected therewith. 

Department of 
Atomic Energy 
(DAE) 1962 

1963 Maternity Benefit 
(Mines and Circus) 
Rules 

The rules are provided by Central 
Government as per the provisions by 
section 28 of the Maternity Benefit Act 
(53 of 1961). 

Ministry of 
Labor and 
Employment 
1963 

1966 Mines Vocational 
Training Rules 

The rules provide for the training of mine 
workers with a view to make them aware 
of the dangers of working in mines so 
that they can work safely. 

DGMS 1966 

1969 The Monopolies 
and Restrictive 
trade practices 
(MRTP) 

This act aims to prevent concentration of 
economic power to the common 
detriment, provide for control of 
monopolies and probation of 
monopolistic, restrictive and unfair trade 
practice, and protect consumer interest.  

Govt. of India 
1969 
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Table 4.1. (Continued) 
 

Year Policy/Legislation Description Reference 
1972 The Coking Coal 

Mines 
Nationalization 
Act  

An act no. 36 of 1972 was enacted by 
Parliament for the acquisition and transfer of 
the right, title and interest of the owners of 
the coking coal mines specified in the First 
Schedule and the right, title and interest of 
the owners of such coke oven plants as are in 
or about the said coking coal mines with a 
view to reorganising and reconstructing such 
mines and plants for the purpose of 
protecting, conserving and promoting 
scientific development of the resources 
needed to meet the growing requirements of 
the iron and steel industry. 

Govt. of 
India 1972 

1973 Industrial Policy 
Resolution 

This policy identified high-priority industries 
where investment from large industrial 
houses and foreign industries would be 
permitted. 

MSME, 2016 

1973 Coal Mines 
(Nationalisation) 
Act 

Act no. 26 of 1973 enacted by the Parliament 
on May 1973, for the acquisition and transfer 
of the right, title and interest of the owners in 
respect of the coal mines specified in the 
Schedule. Coal mining was reserved for the 
public sector with few exceptions. This act 
permitted Coal & Lignite mining for captive 
consumption by power projects, and iron & 
steel, cement production and other eligible 
activities. This act was amended in 1976 and 
1993. 

Govt. of 
India, 1973 

1974 The Coal Mines 
(Conservation and 
Development) Act 

This act no. 28 of 1974 was enacted by 
Parliament for the conservation of coal and 
development of coal mines and for matters 
connected therewith or incidental thereto. 

Ministry of 
Law, Justice 
and 
Company 
Affairs, 1974 

1977 Industrial Policy 
Resolution (IPR) 

The Principal thrust of this policy resolution 
was the effective promotion of cottage and 
small industries. Industrial processes and 
technologies intended to do optimum 
utilisation of energy or the exploitation of 
unconventional sources of energy. 

MSME, 2016 
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Year Policy/Legislation Description Reference 
1980 Industrial Policy 

Resolution (IPR) 
This policy aimed at promoting competition 
in the domestic market, technological 
upgradation and modernisation. It laid the 
foundation for encouraging investment in 
high-technology areas. 

MSME, 2016 

1985 Mines Rescue 
Rules 

These rules relate to the welfare of workers 
in the event of accidents inside mines and 
rescue operations. These rules apply to coal 
and metalliferous underground mines to 
provide for the establishment of rescue 
stations and conduct of rescue work. 

DGMS, 1985 

1987 The Goa, Daman 
and Diu Mining 
Concessions 
(Abolition and 
Declaration as 
Mining Leases) 
Act 

This act provides guidelines for the abolition 
of the mining concessions in operation in the 
Union territory of Goa, Daman and Diu and 
specified in the First and the Second 
Schedules, and for the declaration of such 
mining concessions as mining leases under 
the Mines and Minerals (Regulation and 
Development) Act, 1957 with a view to the 
regulation of the mines to which such 
concessions relate and for the development 
of minerals under the control of the Union 
and for matters connected therewith or 
related thereto. 

Gazette of 
India 1987 

1991 Industrial Policy 
Resolution 

This was the first industrial policy in which 
foreign companies were allowed to have 
major stake in India. It provided the easier 
entry of multinational companies, 
privatisation, removal of asset limit on 
MRTP companies, liberal licensing. This 
policy has been designed to build on the past 
industrial achievement and to accelerate 
making of Indian industries internationally 
competitive and to provide the competitive 
stimulates for higher growth. 

MSME 2016 

1992 Cess and other 
Taxes on Minerals 
(Validation) Act 

An act no. 16 of 1992 was enacted to validate 
the imposition and collection of cesses and 
certain other taxes on minerals under certain 
State laws. 

Ministry of 
mines 1992 
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Table 4.1. (Continued) 
 

Year Policy/Legislation Description Reference 
1993 Coal Mining 

(Nationalisation) 
Amendment Act 

This act was amended to allow private coal 
mining for captive consumption for 
generation of power, washing of coal 
obtained from a mine and other end users to 
be notified by Government from time to time 
in addition to the existing provisions. 

Govt. of 
India 1993 

1993 National Mineral 
Policy (NMP) 

A systematic, comprehensive framework, 
implemented on national level to promote 
mineral sector for management and its 
optimum and economic use of mineral 
resources. The National Mineral Policy 
recognized the need for encouraging private 
investment including FDI and for attracting 
state-of-art technology in the mineral sector. 
The policy shall continue to formulate legal 
measures for the regulation of mines and the 
development of mineral resources to ensure 
basic uniformity in mineral administration. 

Ministry of 
Mines, 1993 

1999 Granite 
Conservation and 
Development 
Rules 

These rules were framed in 1999 under 
Section of 18 of the MMDR Act 1957 (67 of 
1957) by the central government for 
conservation and systematic development of 
granite resources in the country. These rules 
were framed for conservation and systematic 
development and scientific mining to 
conserve the granite resources and to 
prescribe a uniform framework with regard 
to exploitation of granite throughout the 
country. 

Ministry of 
Coal and 
Mines, 1999 

2002 
 

Marble 
Development and 
Conservation 
Rules 

These rules were framed in 2002 under 
section 18 of the MMDR Act 1957 by the 
central government for the development of 
marble resources in the country. These rules 
were framed for systematic prospecting and 
quarrying or mining of marble and to provide 
a uniform framework with regard to 
scientific exploitation of marble. 

Ministry of 
Coal and 
Mines, 2002 
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Year Policy/Legislation Description Reference 
2002 Competition Act An Act was enacted to provide, keeping in 

view of the economic development of the 
country, the establishment of a Commission 
to prevent practices having adverse effect 
on competition and promote and sustain 
competition in markets. 

Gazette of 
India, 2003a 

2002 Offshore Areas 
Mineral 
(Development and 
Regulation) Act 

The Act (No. 71 of 2003) of Parliament; 
which received the assent of President of 
India on 30th January, 2003.The act was 
enacted for making provisions for 
development and regulation of Mineral 
resources in the Territorial Waters, 
Continental Shelf, Exclusive Economic 
zone and Maritime zones of India. It 
empowers the central government to grant 
mineral concessions for offshore areas and 
collect royalty. 

Gazette of 
India, 2003b 

2006 Offshore Area 
Mineral 
Concession Rules 

The rules as per provisions of section 35 of 
offshore area mineral development and 
regulation act 2002.These rules recommend 
measures for protecting marine 
environment and also define the operational 
guidelines for each concession granted 
under the offshore areas mineral 
(development and regulation) act 2002. 

Ministry of 
Mines, 2006 

2006 Micro, Small and 
Medium 
Enterprises 
Development 
(MSMED) Act,  

This act provides a legal framework to 
facilitate the promotion and development of 
MSMEs and enhancement of their 
competitiveness. Under the Act, enterprises 
have been categorized into micro, small and 
medium enterprises, based on their 
investment in plant and machinery  
(for manufacturing enterprises) or in 
equipment (for providing or rendering 
services). It provides for a statuary 
consultative mechanism at the national level 
with wide representation of all sections of 
stakeholders. 

Govt. of India 
2006 
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Table 4.1. (Continued) 
 

Year Policy/Legislation Description Reference 
2008 National Mineral 

Policy 
The exploitation of minerals has to be guided 
by long-term national goals and perspectives 
which are dynamic and responsive to the 
changing global economic scenario. The NMP 
also, recognizes that the country is blessed with 
ample resources of a number of minerals and 
has the geological environment for many others 
being a part of the ancient Gondwanaland. 

Ministry 
of Mines 
2008 

2011 Mines and 
Minerals 
(Development and 
Regulation) Bill 

This Bill aims at reforming the mining sector 
towards sustainable mining and local area 
development, and benefit sharing mechanism 
for the people affected by the mining 
operations. It also aims to ensure transparency, 
equity, elimination of discretions, effective and 
regulatory mechanisms along with incentives 
encouraging good mining practices, which will 
in turn lead to technology absorption, and 
exploitation of deep seated minerals 

Govt. of 
India, 
2011 

2015 Mines and 
Minerals 
(Development and 
Regulation) 
Amendment Act 
(MMDR) 

It promotes short-term growth over long-term 
sustainability of mining sector. It considered the 
issues including substantial decrease in the number 
of mining leases, problems in the renewal of new 
mining leases and reduction in the output of 
mining sector. Also it considerably influence 
inflow of FDI into mining by ensuring that the 
mine size put to auction is attractive for FDI.The 
Mineral (Evidence of Mineral contents) Rules: 
These rules recommend procedures for conducting 
exploration to determine mineral content so that 
the mineral blocks can be taken up for auction of 
mineral concessions.The Mineral (Auction) Rules: 
These rules detailed the process to be followed for 
the auction with respect to grant of mineral 
concessions.The Mineral (Non-Exclusive 
Reconnaissance Permits) Rules: These rules 
detailed the process to be followed for the grant of 
non-exclusive reconnaissance permits.The 
National Mineral Exploration Trust Rules: These 
rules detailed the objectives, functions and 
operations of the national mineral exploration trust. 

Govt. of 
India, 
2015 
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Year Policy/Legislation Description Reference 
2015 The Atomic 

Energy 
(Amendment) Act 

The amendment act no. 5 of 2016 received the 
assent of President on 31st December 2015. In 
the said act, the Government has amended 
sections 2 and 14 of the Atomic Energy Act 
1962. It would enable Nuclear Power 
Corporation of India (NPCIL) to form joint 
venture companies with other Indian PSUs to 
meet the additional funding requirements for 
further expansion of nuclear power programme. 

Ministry 
of Law 
and 
Justice, 
2015 

2016 National Mineral 
Exploration Policy 
(NMEP) 

A structured framework came into existence in 
2016 for comprehensive exploration in the 
country with the interplay of government 
support and private innovation and enterprise. 
This policy outlined the strategy and action plan 
that the Government will adopt for ensuring the 
comprehensive exploration of mineral 
resources. It prescribes various actions needed 
as prerequisites to exploration which helps in 
sustainable and resourceful exploitation. 

Ministry 
of Mines, 
2015b, 
2016e 

 
 

SUMMARY 
 
India has bountiful and diverse mineral resources having huge economic 

potential. This potential of the mining sector to contribute to economic 
development is dependent and influenced by the legal and policy framework. 
The acts and legislations cover a wide range of issues relating to mining 
operations, tax regimes, ownership, safety and welfare, labor and 
environment related aspects. The acts govern the mining sector and regulate 
mining processes (mineral prospecting, exploration, mine development, 
rehabilitation). The legislative mechanisms have developed to support the 
implementation plan and provide an interface with international regulations. 
In spite of very elaborate mining legislation in the country, there are several 
pitfalls in the implementation. The comprehensive legal framework with 
acts and legislation therefore needs to be followed up with a time-integrated 
plan of action, monitoring mechanism and timely assessments.
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Table 5.1. Major thrust areas and the budgetary outlays for mining 
and industry in each FYP are outlined below. Also mentioned is the 

prevailing economic model wherever available 
 

FYP Major Thrust Resource allocation 
for Mining and 
Industry 

Model Reference 

  Total  
(Rs. million 

%   

First 
1951-1956 

Agriculture 1730.4 8.4 Harrod-Domar 
Model 

Planning 
Commission 1951 

Second 
1956-1961 

Industries and 
Minerals 

8900 18.5 Prof. P.C. 
Mahalanobis 

Planning 
Commission 1956 

Third 
1961-1966 

Agriculture and 
Industry 

17840 24.0 Sukhmoy 
Chakraborty 
and Prof. Saddy 

Planning 
Commission 1961 

Fourth 
1969-1974 

Growth with 
Stability 

60440 26.7 Ashok Rudra 
and Alon S. 
Manney 

Planning 
Commission 1969 

Fifth 
1974-1979 

Poverty eradication 
and Self reliance 

102006 26.0 - Planning 
Commission 1974 

Sixth 
1980-1985 

Alleviation of 
Poverty and 
managerial 
efficiency 

102000 10.5 - Planning 
Commission 1980 

Seventh 
1985-1990 

Modernization, 
Social Justice 

224610 12.5  Planning 
Commission 1985 

Eighth 
1992-1997 

Development of 
Human Resources 

396000 5.0 John W. Miller 
Model 

Planning 
Commission 1992 

Ninth 
1997-2002 

Growth with Social 
Justice and Equity 

845000 3.9  Planning 
Commission 1997 

Tenth 
2002-2007 

Double per capita 
income in next 10 
years 

894000 
 

2.2 
 

 Planning 
Commission 2002 

Eleventh 
2007-2012 

Faster and more 
inclusive growth 

504520 4.3  Planning 
Commission 
2007b 

Twelfth 
2012-2017 

Faster, More 
Inclusive and 
Sustainable Growth 

1203720 4.4  Planning 
Commission 
2012b 
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forth a country's mineral development policy in legislative instruments" 
(BokanGabre-Maryam 1989). 

The process by which the policy document is prepared can be used as a 
consensus-building tool. It allows important issues to be identified, 
discussed and agreed upon before the commencement of detailed legislative 
drafting and administrative revisions (Otto 1997). The policy goals for the 
mineral sector are driven primarily by the intent to balance the economic 
value derived from mining activities with the current and future socio-
environmental prospects. It includes the sum total of laws, regulations, 
agreements and customs that affect the production, utilization, conservation, 
and trade of the mineral commodities (Wolfe 1984). As such, a policy 
document is essential to address the deficiencies in national enforcement 
mechanisms as well as the regulatory and legislative mechanisms. It is 
important to enhance production volumes, quality and the value-added 
potential of resources to ensure high returns from extracted resources. The 
socio-economic conditions, environmental impact, political situations and 
cumulative effects often determine or shape the network of a particular 
mineral policy.  

National Mineral Policy (NMP) is a regulatory tool that provides the 
public with a clear statement of the Government's intentions regarding key 
issues and expectations of the nation for regulating the sector. The mineral 
sector and mining laws do not operate in isolation from the other sectors. 
While drafting an NMP, careful consideration must be given to other 
policies and practices to ensure compatibility (Otto 1997). The NMP 
provides guidelines to the Ministry and other stakeholders on a way forward 
for the sector to operate effectively and within the constitutional framework. 
It serves as the best practice to ensure that optimal value from the 
exploitation of the mineral resources. Although an NMP is formulated by 
the government agencies, it must reflect the concerns of those, who have 
decision-making powers that can substantially influence the implementation 
and success of the policy (Otto 1997). The complexity of policy formulation 
process needs to be translated into action through sequence of steps to create 
a wider dynamic response. There are generally three primary phases in the 
process of mineral policy development which includes information 
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collection, analysis and strategic development (Mtegha 2006). The issues 
that are commonly addressed in an NMP can, for the most part, be grouped 
within six broad subject categories: scope, sovereignty, economic 
considerations, quality of life, regulatory agencies and legislative framework 
(Otto 1997). 

 
 

6.3. REGULATORY MECHANISM 
 
Democracy calls for all citizens to be equally involved in identifying 

issues, problems, solutions and action plans for their execution (World Bank 
2001). In the policy-making process, various issues related to mining, 
coordination and cooperation between government and other organizations 
is a means to create more effective mineral policy. National mineral policy 
is developed through an extensive consultation process involving a broad 
range of stakeholders (Figure 6.1). Its development is multi-disciplined, with 
many stakeholders at different levels (Bourk 2005). This includes 
governments, planners, policymakers, mining industry, research and 
academic institutions, environmentalists, technology and service providers 
and the host communities. 

 

 

Figure 6.1. Major stakeholders in the National Mineral Policy. 

Stakeholders are those groups or individuals that either affect or are 
affected by the minerals sector (Epps and Brett 2000). The Indian mining 
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The industrial policy initiatives undertaken by the government since 
1991 were designed to build on the past industrial achievements and to 
accelerate the process of making the Indian mineral industry internationally 
competitive. Subsequent industrial policy reforms infused significant 
transformation in the industrial sector (Ministry of Commerce and Industry 
2009). Moreover, the economic reforms and liberalisation introduced in 
1991 along with the process of globalization accelerated the growth of Gross 
Domestic Product (GDP). However, it also raised concerns about inequality, 
poverty, environmental damage and deterioration of natural resources 
(Planning Commission 2012). Addressing these challenges was imperative 
for India to realize the true potential of its vast natural resources and for 
boosting economic development. The mining sector and the Government 
needed to come together and jointly address these challenges and explore 
ways to foster growth. In that perspective, the legal framework for the 
mineral sector was needed to identify the strengths and weaknesses of the 
mining sector, and the issues restraining the ability of India to attract private 
investments in its mineral sector (Randive et al. 2017). Eventually, the 
mineral policy was, in fact, derived from the Industrial Policy Resolution 
and formed an integral part of the policy framework keeping a view of the 
liberalisation of the economic order.  

 
 

6.5. ADVANCEMENT IN NMP 
 
National mineral policy instrument is needed to enhance and enforce the 

mining laws, integrate the mining activities within policies, implement tax 
reform and to remove unfair subsidies. It also introduces environmental 
accounting, develops the awareness and stronger public information system 
thereby increasing the decision-making role and implementing 
technological and scientific research. These policy instruments are 
characterized as norms, standards, rules, laws and similar constructs that 
shape and regulate the actions of all stakeholders and the interactions 
between them (Georghiou 1992; Malerba 2004). India has initiated several 
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progressive policy measures, putting itself in a good starting position to 
undertake the transformation of the mining sector. 

 
 

6.5.1. National Mineral Policy 1993 
 
The NMP 1993 was announced soon after the economic liberalization 

in 1991. It was envisioned to provide a conducive environment for attracting 
private investments for exploration, wherein the private sector was invited 
to provide necessary management, technical and financial resources. It gave 
emphasis on certain important aspects like mineral exploration in the sea-
bed, development of mineral inventory, linkages between exploitation of 
minerals and development of mineral industry, preference to members of the 
Scheduled Tribes11 for development of small deposits in Scheduled Areas, 
protection of forest, environment and ecology from the adverse effects of 
mining, enforcement of mining plan for adoption of sustainable mining 
methods and optimum utilization of minerals, export of minerals in value-
added form and recycling of metallic scrap and mineral waste (Ministry of 
Mines 1993). Accordingly, for critical enactment of NMP, the provisions of 
the MMRD Act, MCR 1960 and MCDR 1988 were amended from time to 
time and harmonized with the policies governing industrial and socio-
economic development of a country. 

The formulation of the NMP in 1993 improved the state/guiding 
principles of the mineral sector. Liberalisation gained momentum and 
brought about increased private participation (Sivayya and Das 2014). FDI 
was allowed up to 50% with no limit on captive mines (Planning 
Commission 2006). However, the results were not so encouraging. It 
entailed a need for new comprehensive mineral policies to enhance its 
coherence in relation to the changing needs of the industry and national and 
global trends. 

 

                                                           
11 Articles 341 and 342 of the Constitution of India define Scheduled Tribes. It is officially 

designated groups of historically disadvantaged people in India. 
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6.6. OTHER MINING RELATED POLICIES 
 

6.6.1. National Mineral Exploration Policy (NMEP) 
 
National Mineral Exploration Policy (NMEP) was launched in July 

2016 with specific emphasis on exploration for hidden mineral deposits 
(Randive et al. 2017). Exploration is the source of value creation in the 
mining industry (EY 2016). The NMEP 2016 encourages private sector 
participation through its revenue-sharing model. It provides a structured 
framework for comprehensive mineral exploration and gives further impetus 
to resource efficiency and recycling. The Policy displays a wide canvas 
wherein the government intends to carry out Geological Mapping, National 
Geochemical Mapping (NGCM), National Geophysical Mapping (NGPM), 
Geo-chronological studies and Aero-Geophysical surveys. It provides basic 
geoscience data to the public through a web-based information system, 
creates a platform for collaboration between government, industry and 
academia. It has attractive provisions for private explorers through a revenue 
sharing model to exhibit their expertise, knowledge and enterprise. 

Through pre-competitive baseline geoscientific data of world standards 
available in the public domain, the NMEP 2016 envisages involvement of 
the private sector in carrying out quality research. It will provide a platform 
where various geoscientific issues of crucial importance can be addressed 
through collaborative government, academia and industry programs 
(Ministry of mines 2016e). It provides guidelines to facilitate geological 
exploration and delineating potential areas for deep-seated and concealed 
mineral deposits. It has a strong focus on technological advancement to 
promote domestic innovation, recycling, domestic capacity building and 
improvements and thereby decreasing the import dependence. 

 
 

6.6.2. Hydrocarbon Exploration and Licensing Policy (HELP) 
 
The Government of India recently approved Hydrocarbon Exploration 

and Licensing Policy (HELP) in March 2016 as a part of the new fiscal 
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regime in the exploration sector in order to attract desired investment in the 
petroleum exploration (Ministry of Mines 2018). It aims to reform 
exploration and mining rights in line with Hydrocarbon Auction Process. It 
enables a faster survey and coverage of the available geographical area, 
which has the potential for oil and gas discovery (Kumar and Verma 2018). 

 
 

6.7. POLICY SHIFT AND ITS CAUSES/MAJOR  
POLICY REFORMS 

 
National mineral policy has evolved substantially over the last 25 years 

and addresses the challenges in the sector. The NMP 1993 was aimed at 
liberalizing the mining sector. With the major shift in economic policy, the 
steps were taken to boost the mineral sector but the results were not 
encouraging. The failures of NMP 1993 were critically analysed in the report 
of the High-Level Committee known as the Hoda Committee. The NMP 
1993 was ambiguous about the relative roles of the States and the Centre. Its 
guidelines related to mineral conservation, enforcement of mining and 
environment management plans, mine closure, rehabilitation and the 
privileges of the Scheduled Tribes were not implemented in its proper 
perspective (Randive et al. 2017). 

The FDI in the mining sector was liberalized over the period; yet, the 
results were far from satisfactory (Ministry of mines 2015a). Similarly, 
procedural delay in the processing of applications for mineral concessions 
and the absence of adequate infrastructure in mining was the biggest hurdle 
(Planning Commission 2006). Moreover growing demands, limited 
resources of public sector agencies, and failures to attract FDI were the main 
reasons for the failure of NMP 1993. Regardless of several efforts to 
supplement the policy by way of creating laws, and responsibility allocation, 
the mining sector was held back due to economic, bureaucratic, 
environmental and geopolitical issues. 

Consequently, the next NMP in 2008 was marked with a shift, which 
encouraged access to the mining industry to global markets. With the NMP 
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presently witnessing a continued progression of its legislative setting 
through the anticipated second iteration of the Minerals and Petroleum 
Resources Act and the third iteration of the Mining Charter (DTTL 2018). 
While Canada and Australia have been leaders in exploration for a long time, 
the emergence of Latin American countries, as hubs of exploration, is due 
to the reforms these nations have undertaken post-2000. They have 
promoted the exploration through the ease of concession grants and stability 
and predictability of their mineral laws which are translating into higher 
returns on investment (Vijay Kumar et al. 2015). The mining regulatory 
framework of Zimbabwe is becoming relatively stable after continuous 
changes from 2009. Recently Zimbabwe has proposed to change their 
Indigenisation and Economic Empowerment Act to include platinum and 
diamond mining companies only, in which foreign companies cannot hold 
more than a 49% shareholding (DTTL 2018). 

According to Fraser Annual Mining Survey (2017), the top jurisdiction 
in the world for investment is in Finland as per the Investment Attractiveness 
Index for 2017. Saskatchewan (Canada) fell down to the second place after 
ranking 1st in 2016. Nevada moved up from 4th in 2016 to 3rd in 2017; other 
attractive destinations were Republic of Ireland (4th), Western Australia (5th), 
Quebec (Canada), Ontario, Chile, Arizona (USA) and Alaska. Guatemala 
replaced the Argentinian province of Jujuy as the least attractive jurisdiction 
in the world for investment. Other least favourable nations for investments 
are Kenya, Mendoza, Chubut, Mozambique, Venezuela, Romania, China 
and Nicaragua (Stedman and Green 2018). 

 
 

6.10. ANWARUL HODA COMMITTEE REPORT 
 
The Government of India constituted a High-Level Committee (HLC) 

under the chairmanship of Mr. Anwarul Hoda, Member of the Planning 
Commission in 2006 called Hoda Committee. The Committee 
recommended changes in the National Mineral Policy 1993 to attune it to 
the present requirements of the world economy for evolving mining code 
adapted to the best international practices and streamlining and simplifying 
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procedures. It carried out a comparative analysis of the mineral policies and 
statutes of other major mineral producing countries in the world such as 
Australia, Canada, Chile, and South Africa (Vijay Kumar et al. 2015).  

The Hoda Committee report elaborately envisioned the contours of an 
enlightened National Mineral Policy pointing out the need for technological 
impetus, adoption of best practices in tax regimes, mining regulation, 
community engagement, and research and development (Vijay Kumar et al. 
2015). It had actively advocated large-scale privatisation and FDI in the 
Indian mining industry. It was strongly in favour of exports. It recommended 
that no environmental clearance should be required for lease areas less than 
50 hectares since the committee had a delusion that small mines are 
somehow less environmentally devastating. It simplified the procedures for 
grant of mineral concessions to reduce delays, strengthened the 
infrastructure for mining activities and improved the environment clearance 
process to attract investment in the mining sector. 

 
 

6.11. ANALYSIS OF THE INDIAN MINING SECTOR 
 
Mining is an outstanding industry within the national production system 

(KPMG 2018). Since independence to 1980, the mining sector was caught 
in a low growth trap due to growing concerns about inflation. It had also 
grappled with the ambiguity of the global economy. Later, a period of 
strident growth was seen between 1980 and early 1990s (CSO 2016). But 
after the economic reforms in 1991-93, it appeared as a significant player in 
the global market. India's mining industry subsequently grew to become the 
fourth-largest producer of minerals in the world by volume, and eighth-
largest producer by value in 2009 (Ministry of Statistics and Programme 
Implementation 2011). Since then, the private sector has also begun to play 
an important role in the mining sector. 

The gross value of mineral production in India in 2010-11 was estimated 
to be USD 44 billion and total production had more than doubled between 
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geology had to combine foreign capital with an attractive mineral investment 
regime to attract considerable mineral sector investments. Global flows of 
FDI including mineral investment are overwhelmingly concentrated 
amongst OECD13 countries (Tienhaara 2006).  

Basically, the inflow of FDI depends on domestic economic conditions, 
world economic trends, and strategies of global investors (Ministry of 
Commerce and Industry 2009). Since 1990, the Indian mining sector was 
opened up for foreign investments. The NMP 1993 was revised in 1994 to 
encourage large-scale private investments. Initially, the inflow of foreign 
investment was very low therefore in 1997, this sector was further liberalised 
to promote mineral trade. The automatic approval route for FDI was opened 
up (Ministry of Mines 2011f). The FDI policy announced in February 2000 
brought further liberalisation. This has created a great opportunity for 
inviting survey and exploration for new mineral deposits (Planning 
commission 2006). Due to revised mining-sector regulations and activities, 
the FDI incursion into the Indian mining industry has been passive, even 
though the government allowed 100 percent FDI in the mining sector under 
the automatic FDI route (Kumar and Verma 2018). 

There had been a lot of volatility in the share of FDI in mining from 
2000 to recent (Figure 6.2). As per Department of Industrial Policy and 
Promotion (DIPP) "Mining Sector Achievement Report" the FDI Equity 
Inflow in the sector increased by 1606% to US$ 1.2 billion during August 
2014-March 2016 compared to US$ 70.62 million during April 2012-March 
2014 (Ministry of Mines 2018). 

Figure 6.2. Share of FDI in the Indian mining sector. 

 

                                                           
13 OECD refers to an Organisation for Economic Co-operation and Development. It is an 

intergovernmental economic organization established in 1961 to seek alternatives to prevalent 
social and economic issues. Currently, it is comprised of 36 countries. 
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6.13. CLUSTER DEVELOPMENT APPROACH 
 
The government can translate a comprehensive policy document into a 

workable legislative framework. Creation of Cluster14 of the government and 
mining firms within the country fosters a competitive domestic market 
(Figure 6.4). The countries like Australia, Canada, China, Russia etc. have 
effectively embraced and enforced a cluster development approach for metal 
manufacturing to ensure operational efficiency and cost reduction. India can 
also take a cue from this and start developing its own clusters. Cluster 
creation in mining is significant to decrease industrial isolation, strengthen 
entrepreneurship, enhance productivity and employment growth in 
industries, and also boost regional economic performance. The creation of 
clusters in mining is imperious to strengthen entrepreneurship, cut industrial 
isolation, increase productivity, increase revenue and employment growth in 
industries and thereby boosting economic performance. NMP 2019 
promotes a cluster approach by granting the deposits together as a single 
lease within a geographically defined boundary where small deposits are not 
susceptible to viable mining (Ministry of Mines 2019).  

 

 

Figure 6.4. Development approach through Mineral Policy. 
 
 

                                                           
14 Cluster is a concentration of expertise between closely linked industries and companies in which 

extensive investment in specialized factors of production catalyses a growth trajectory 
(Economic Commission for Africa 2004). 
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Another key factor is innovation and investment (e.g., mining of deep-sea 
resource) to secure these resources. Adequate benefit-sharing and 
involvement of local communities in the decision-making process can 
eliminate further hindrances. Critics of the industry have consistently 
pointed out that the mining companies themselves are often at fault for 
problems of the poor workplace, safety, pollution, inadequate regulatory 
legislation, ecological destruction and violations of local land claims, and 
poor enforcement of the law. Through innovation in technologies, systems 
and practices can improve the availability and affordability of resources, it 
can also introduce new risks. 

 
 

7.5.2. Competitiveness 
 
Competition among governments to attract corporate investment 

appears to have heated up in recent years (Oman, 2000). With surging 
demand, productivity has steadily increased but has not kept pace. Thus 
prices have moved up rapidly. When one commodity surges rapidly ahead 
of others, many new companies try to enter the field. The reason behind this 
is a large number of developing countries have moved from closed to 
market-friendly economies and to more deregulated and liberalized 
economies to attract more investment and reduce barriers to FDI.  

Internationally, global competition has given rise to strategic concerns 
due to resource nationalism and vulnerability of supply. The investors 
worldwide are facing new challenges due to stricter policies of the growing 
economies. Consequently, countries have to compete among themselves to 
attract investments into their own mineral sectors continuously (Williams 
2005). A restraint in resource consumption of the economic system allows 
the reduction of purchasing costs for imported raw materials. Thus it stirs up 
the research and development of new highly efficient processes and 
improves the products, and thereby their competitiveness. 
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8.2. EMPLOYMENT GENERATION IN THE MINING SECTOR 
 
Employment is a major concern for the governments and for the 

communities living close to mine sites; particularly in remote areas where 
alternative opportunities are limited. Unemployment not only entails high 
human costs, but it can also lead to serious social disruption, and put 
enormous strain on the fabric of the society (Planning Commission 2002). 
Salient features of employment are that it raises productivity, reduces 
poverty, boosts living standards, and permits people to believe in themselves 
thereby rising strength and future economic and educational prospects. The 
employment in the mining sector is by hiring people to work on mining 
projects including long-term contractors (direct) or through the supply chain 
(indirect). 

The mining sector can act as a force multiplier and contribute to a tune 
of ~7-8% of the GDP. FDI17 plays an important role in generating 
employment and improving economic development. Mining has a positive 
influence on FDI flows; however, it lacks statistical significance (Mukherjee 
2011). An employment multiplier is a tool that can give us a measure of the 
impact of mining on employment. In the mining industry, several aspects 
such as, i) type of mine ownership either public or private, size and life of a 
mine, life cycle phase- construction or operational phase, type of mining 
operation, etc., ii) mine-specific characteristics such as type of commodity, 
mineral grade; etc. and iii) national characteristics such as business 
environment, technical assistance, skills levels in local and national 
economy, influence the employment generation potential of a sector in a 
country (McMahon et al.2014). Despite these variations, some consistent 
trends can be seen in employment contributions from this sector. 

Several case studies on artisanal and small-scale mining show that 
mining brings about livelihood diversification (e.g., Fessehaie & Morris 
2013; Hirons 2014; Hilson & Garforth 2013; Okoh & Hilson 2011; Spiegel 

                                                           
17 Foreign direct investment (FDI) is an investment made by a firm or individual in one country 

into business interests located in another country (Investopedia 2019). 
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Recent statistics indicate that the average daily employment of labor 
strength engaged in mines was 5,67,367 persons during 2002-03, which has 
shown a gradual decrease till 2007-08 and then marginal increase every year 
till 2011-12. It has subsequently shown a declining trend from 2013-14, 
which was around 5.08 lakh persons in 2014-15 (Figure 8.1). Further, the 
metallic mines have recorded relatively high average daily employment than 
the non-metallic mines (Figure 8.2). Of the estimated average daily 
employment in the mining sector (excluding atomic & minor minerals and 
petroleum (crude) & natural gas), the total employments were 5,08,925 in 
2014-15. Out of these, 3,92,702 (or 77%) were in the public sector and 
1,16,223 (or 23%) in the private sector (IBM 2017).  

 

 

Figure 8.2. Average daily employment in public and private sector in metallic  
and non-metallic mines. 

There are fewer direct employments in the mineral sector, as it is not a 
labor-intensive industry (Harvey and Lewis 1990). Currently, the mineral 
sector offers fewer jobs with small-scale and public sector mining. Both of 
these mass employers are systematically being replaced by large-scale, 
privately-owned, mechanized mines. This has led to a massive dip in 
employment. The small mines are located throughout the country mostly in 
rural and forest areas and are operated seasonally but provide employment 
to the rural people during a large part of the year (Hazra et al. 2013). 
Moreover, the export of iron ore provides large scale employment to the 
individuals of Goa, Karnataka, and also within the SME (Small and medium-
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sized enterprises) and larger mines in the eastern and central parts of the 
country. It is a major catalyst of socio-economic development in the 
backward and tribal belts (Planning Commission 2006). The small mines 
contribute a fifth of the total value of the metallic/non-metallic minerals and 
as such provide ~38% of the total employment in this sector. Almost 3/4th of 
the total employment in mining is on the payroll of coal companies (mainly 
public sector). Jharkhand alone accounts for one-fourth of the total people 
employed in mining in India. Moreover, mining and steel production taken 
together create five times more direct and permanent employment than just 
mining alone (Planning Commission 2006). 

 Owing partly to the growth of mechanized mining, the average daily 
employment has gradually declined even as production has increased 
(Figure 8.3). The formal mining industry in India employs just 5.6 lakh 
people and this number is subsiding. Between 1991 and 2004, the number 
of people employed in mining came down by 30%, but the value of mineral 
production went up fourfold. During 2004-05 the average daily employment 
of labor which was at around 5.49 lakh persons decreased to 5.08 lakh 
persons in 2014-15 (Figure 8.3). Among the major group of minerals, fuel 
accounted for 75% to the total employment during 2014-15, metallic 
minerals 15% and non-metallic minerals about 10% (IBM 2014b). 

 

 

Figure 8.3. The comparative trend of mineral production (value) and average daily 
employment in mining sector. 

In spite of the huge potential of the mining industry for creating jobs, 
the present scenario of declining employment but increased production has 
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terms of creating and securing jobs for a large population, mostly the 
unskilled labor force. Hence there is an increasing demand for highly skilled 
individuals in the mining industry.  

The mining activities should serve as a driver for regional development 
and job creation; otherwise, it would stress the community relations and 
cause further conflicts. However, the expansion of mining in a region will 
always cause some problems for other industries because of competition for 
labor and other resources. When a mine is established in a regional town, it 
is likely that many of the jobs created will go to non-residents rather than 
existing residents for the want of skilled laborers. Therefore, the present-day 
mining practices require skilled manpower, but India has a large 
unemployed mass of uneducated and unskilled laborers. However, the 
Indian government has proactively undertaken a task to create skilled 
manpower. It has set up a Skill Council for Mining Sector (SCMS) to train 
500 million workers in the mining sector to help them with employment in 
the next ten years.  

It is estimated that with the increase in the mining output as well as the 
probable changes in the productivity levels, the total employment in the 
mining industry has to be increased to 12 lakhs by the year 2025 (IIHERT 
2018). For achieving this, it is essential that the production technique should 
be constantly improved. Similarly, the pace of transformation should be 
regulated to avoid technological unemployment as far as possible (MSME 
2016). Mining companies have to take such initiatives to build human and 
economic resources in the local community which (i) support local trades 
through preferential procurement from local suppliers and distributors, (ii) 
prioritize local employment and (iii) arrange skill training (Planning 
Commission 2006). 

 
 

8.6.2. Employment of Children in Mines 
 
Unfortunately, there are few areas in India where there are thousands of 

underage workers, some believed to be as young as 8 or 9, that are being 
lured by the wages offered into working illegally in mines, often in terrible 
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SUMMARY 
 
Mining activity can be a significant driver of economic growth and 

employment in India. It has the potential to shape and affect economies 
directly and indirectly. However, direct employment in the mining sector is 
relatively low. Transforming a country's mineral sector can generate wealth 
and propel the economy by creating employment and meeting the ever-
growing demand of the downstream industries. Therefore, it should be 
treated as an economic activity in its own right and not simply a subsidiary 
activity of producing trade. 

Furthermore, the mining sector needs to increase the number of linkages 
to other economic opportunities, either directly or through better integration 
of associated infrastructure with the rest of the economy. Also, effective and 
efficient occupational health and safety measures in mining industries are 
needed to reduce the number of accidents and loss and injury to human lives, 
safety to assets, and to ensure uninterrupted production. 
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areas (Planning Commission 2012a). Its adverse fallouts on environment 
and ecology have become a cause of serious concern worldwide, and until 
recently only a little attention was paid to the environmental impacts of the 
industry.  

Increased mining and human activities cause severe stress on the 
environmental system's capacity to sustain it. In the active mining areas 
environment has been badly degraded, and the lasting effects can be seen 
even in the far-flung areas. Mining activities are responsible for degrading 
soils, water and air; thereby posing serious constraints on the flora and fauna 
of the affected areas. With the increasing industrialization, the concern for 
environmental protection has increased considerably. It is a challenge to 
strike the balance between industrialization and environmental degradation. 
The mining and mineral processing industries being the easily identified 
offenders have become the subject of criticism at national and international 
levels, therefore the onus is on to them to contribute substantially towards 
the protection of the environment (Dhar 2000). Moreover, establishment of 
adequate procedures and guidelines are necessary to develop sector-specific 
regulations and standards, and to monitor the environmental performance of 
the mining sector. 

 
 

9.2. MINING SECTOR -  
DEPRIVED ENVIRONMENT PERFORMANCE 

 
Mining is not a benevolent activity and it is impossible to extract 

minerals from the earth and process them without affecting the nature. 
Though mining industries contribute a major part of the economic 
development and prosperity of a country, it leads to environmental 
deterioration. There is direct as well as an indirect connection between the 
emissions caused by mining activity and the environment. The mining 
process starts from the exploration stage when forests are cleared, roads are 
built and drilling is commenced. It continues through exploitation, 
beneficiation and utilization stages and finally the mine closure. Through 
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these phases of mineral resource development, environmental degradation 
is caused in many ways, such as deforestation, land deterioration, soil 
destruction, sedimentation in rivers and silting of lakes, discharge of toxic 
chemicals into surface and groundwater causing water pollution. Dust 
emission due to direct mining and due to heavy transport of vehicles, and 
other problems like noise pollution, noise and ground vibrations are also of 
serious concern. The impact is not limited to the immediate footprint of the 
mine sites but extends beyond the mine boundaries and threatens 
communities and the ecosystems which support them. Open-cast mining in 
the areas with actual forest cover leads to deforestation. It wreaks havoc to 
the environment such as a change in landform, pit wall instability, creation 
of pit lakes, and loss of biodiversity. Even the mine closure can also 
seriously affect the nature and local community.  

According to Mehta (2002), mining affects the wildlife, water balance, 
local climate & rainfall, sedimentation and depletion of forests. Most mining 
areas suffer from devastating environmental degradation and high levels of 
pollution. Toxic metals are of particular concern as their release into the 
environment, even in small quantities, can result in long-term negative 
impacts on living species. The chemical by-products of the extractive 
process, which are often concentrated in tailing ponds, have caused much of 
the long-term environmental damage to the industry. Many coal mining 
districts of the country were identified as critically polluted areas by the 
Central Pollution Control Board. By 2025, the area under extraction for coal 
mining would increase from 22,000 hectares to 73,000 hectares (Ministry of 
Coal 2015); which would further increase the burden on the forest, pollution 
of water bodies and land degradation (NITI Aayog 2017). Captive mining 
also impedes the efficient use of mineral resources by the end-user and 
thereby resulting in poor mining practices. An analysis of the steel sector by 
CSE in 2012 brought out the poor environmental performance of steel plants 
with captive iron ore and coal mines (Centre for Science and Environment 
2015). The Indian mineral sector adds approximately 32 percent of 
Greenhouse gas emissions. In 2007, CO2 emissions from the mineral 
industry was measured up to 131 million tons, while the metal sector 
contributed about 122.7 million tons of C02 (Mazumdar 2009). Therefore, 
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environmental costs of mining projects cannot be ignored. Proper measures 
should be taken to minimize the temporary disruption of the environment 
during exploration and production. It is also imperative to implement 
sustainable mine closure plan and maximize the efficacy of land 
rehabilitation. The operators in the mining sector should ensure the 
minimum damage to the environment and maximum benefits to the local 
community.  

 
 

9.3. ENVIRONMENTAL LAWS AND REGULATIONS  
FOR MINING 

 
Environmental laws and regulations, as well as norms and standards, are 

crucial to control and minimize adverse environmental impacts of mining 
activities. Both the mining and environmental laws have elaborate 
provisions for the protection of the environment and to minimize the impacts 
of mining activities on biodiversity. The National Conservation Strategy and 
Policy Statement on Environment and Development, published by the 
Ministry of Environment and Forests, set the general framework for 
environmental laws in India (MoEF) (Mehta 2002). The integration of 
environmental concerns into mineral policy is intended to counteract the 
hazards of environmental degradation and enhance the sustainability of 
mining. Central Government should take all the required measures to 
conserve and systematically develop minerals in India and protect the 
environment by checking or monitoring any pollution that may be caused by 
prospecting or mining operations. And for such purposes, the Central 
Government may, by notification in the Official Gazette, adopt the rules it 
considers appropriate (Ministry of mines 2012b). Since mining is an activity 
with externalities, mining law does not neglect environmental and tribal 
rights issues, thus establishing an epistemological link between mining law 
and environmental and tribal rights law. Environmental protection and 
mineral resource management for sustainable development require 
government regulation. To a considerable degree, sustainable development 
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extends the government's role in regulating and indirectly controlling the use 
of natural resources. As a regulator, IBM enforces environmental protection 
regulations in accordance with MCDR, 1988 through mining inspection. 

Environmental Protection Act (1986) enacted pursuant to Article 253 
of the Constitution of India in accordance with the United Nations 
Conference on Human Environment at Stockholm in June 1972. 
Accordingly, the act and its amendments related to the pollution laws deal 
with hazardous activities. It provides a holistic framework for environmental 
protection and improvement (Singh 2005). Under the act and rules, Central 
Government has implemented several management tools like Environment 
Accounting18 and Auditing19, Environment Impact Assessment, EcoMark20 
etc. to protect and improve the environment and to reduce human risks. Due 
to the ecological sensitivity, it has demarcated certain areas as restricted 
corridors such as Aravalli Regions in Alwar, Rajasthan, Coastal sensitive 
zones, and Doon Valley in Uttarakhand (Chakraborty 2018). 

 
 

9.4. IMPLEMENTATION OF ENVIRONMENTAL LAWS  
 
Environmental protection in mining in India is based on its 

commitments to worldwide approaches, the constitutional framework, the 
legislation implemented and the judicial decisions. The Government is 
working in cooperation with concerned environmental organizations, to 
develop regulations, procedures and guidelines for establishing boundaries 
of these fields where mining exploration and exploitation operations are 
forbidden. As a result of the proper implementation of this law, the eco-
system can be rescued before it degrades. Not only the central Government 
but also local authorities are responsible for monitoring and ensuring the 
                                                           
18 Environmental accounting is the practice of integrating environmental management and 

conservation principles into reporting practices and to assess changes in terms of costs and 
benefits (Hecht 2016). 

19 Environmental auditing is chiefly an environmental management tool to assess the 
environmental impacts of certain operations against established criteria or norms (Hecht 
2016). 

20 Eco mark is a certification mark issued by the Bureau of Standards for products that comply with 
a set of standards designed to minimize the impact on the ecosystem (Singh et al. 2012). 
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legal enforcement of Mining Laws. A society which consists of the 
representatives of professional organizations, associations and private 
entities is one of the means to ensure monitoring and proper implementation 
of mining laws and other regulations. It is important to ensure that 
companies rehabilitate the mining sites to an environmentally acceptable 
topography and vegetation within such periods as dictated by applicable 
statutes and their licenses, and promote the feasibility of these sites being 
used for other purposes. 

The Union Ministry of Environment, Forest and Climate Change (MoEF 
& CC) is responsible for giving environmental and forest clearances. The 
IBM clears mining and Environment Management Plans (EMPs). The 
MoEF & CC can also clear EMPs. The State Pollution Control Boards are 
responsible for giving consent to establish and consent to operate under the 
water and the air acts (Centre for Science and Environment 2015). The 
Government needs to take initiatives to improve communication and 
coordination among regulatory agencies, minerals exploiting entities and the 
local community to ensure high levels of environmental compliance and 
reduction of the social and environmental impacts of mining and quarrying 
activities. Pradhan Mantri Khanij Kshetra Kalyan Yojana (PMKKKY) 
launched by Government is implementing various mining welfare initiatives 
to alleviate the adverse effects of mining on the communities residing in 
mining areas. 

 
 

9.5. ENVIRONMENTAL MANAGEMENT  
AND IMPACT ASSESSMENT 

 
Environmental management is a dynamic activity that responds to 

growing knowledge of the environment and anthropogenic threats and 
changes in perceptions about the seriousness of these threats (Moltke 2002). 
An additional level of complexity stems from the continuous development 
of environment-friendly technologies. As these technologies become 
accessible, the policy must be adapted to reflect new possibilities. For 
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9.6. APPROPRIATE MEASURES FOR  
ENVIRONMENTAL PROTECTION 

 
As stated by the NMP (Ministry of Mines 2008), prevention and 

mitigation of adverse environmental effects due to the mining and for the 
restoration of affected land considering the internationally accepted norms 
and modern afforestation practices should form an integral part of mine 
development strategy. Appropriate remedial measures should be devised 
and practised to arrest the pollution level of mine / industry. New mining 
techniques can decrease the effects of mineral extraction on the 
environment. For e.g., leaching of ores uses less electricity than traditional 
mining and does not produce waste gases like sulfur dioxide. Copper ores 
are treated with dilute sulfuric acid, producing copper sulfate.  

Biomining uses microorganisms to extract minerals from low-grade 
ores. Several bacteria such as Acidithiobacillus ferrooxidans, 
Acidithiobacillus thiooxidans, Leptospirrulum ferrooxidans, Sulfolobus 
acidocaldarius can also be used to extract metals from ores (Dhawan and 
Sharma 2019). Bioleaching22 of copper is practiced in many countries 
including Australia, Canada, Chile, Mexico, Peru, Russia and the United 
States of America recovering about 25% of the world copper production 
(Devasia and Natarajan 2004). Bioremediation provides a sustainable waste 
management technique that uses organisms to remove heavy metals from 
contaminated water through a variety of different processes (Karman et al. 
2015). Heavy metals such as Cadmium, Chromium, Copper, Lead, Zinc and 
Nickel can be removed from wastewater through the use of microbial and 
plant-derived biomass of Rhizophus nigricans, Ascophyllum nodosum, 
Sargassum natans, Aspergillus niger, Penicilium chrysogenum, Chrorella 
fusca, Oscillatoria anguistissima, Basillus firmus, and Streptomyces sp 
(Ahluwalia and Goyal 2007). Phytomining is a more specific form of 
phytoremediation in which metal accumulating species used for removal of 
contaminants from soils. It uses plants to absorb metals from the soil. The 
process can be used to clean contaminated land. Treating the plants with 

                                                           
22 Bioleaching refers to the biomining process applied to base metals. 
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prosperity. Therefore, some solutions must be evolved to mitigate the 
conflicting demands of mineral development and environmental protection. 
Understanding the impact of mining on human beings and nature is crucial 
in decision-making in order to maintain equilibrium between the demands 
of contemporary industrial society and development. It is necessary to 
ensure, control, monitor and enforcement of laws and regulations, as agreed 
by mining operators and environmental authorities.  
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Figure 10.1. Network of illegal mining. 

 

10.4. THE CATALYSTS BEHIND ILLEGAL MINING  
 
Illegal mining is gaining momentum and primacy in the country. The 

main cause and incentive for illegal mining is primarily due to high demand 
from China which has fueled the growth of demand and also pushed up the 
prices. Because of this pressure of the demand and the prices, suboptimal 
deposits have also become attractive. Also, this rose due to the huge profit 
in the export market (mainly China). The prices of commodities have gone 
up without corresponding benefits and increase to the public exchequer.  

In addition, lack of governance and corruption are facilitating the illegal 
mining and threatening other important natural resources such as water 
(Saviour 2012). Lack of coordination between the center and states is one of 
the catalyzers for illegal mining. Coordination between center and state 
governments will have to be improved further to effectively control illegal 
mining. State governments will have to be committed to improving the 
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regulator with authorities to investigate and prosecute illegal mining will be 
crucial. Special courts can ensure prompt prosecution of mining cases. For 
those accused of illegal mining, the mining permits will be cancelled and 
debarred for all future concessions. The National Mining Tribunal will 
ensure that the concession is granted in accordance with land law. Although 
it is not precisely a surveillance body, it will supervise the process 
management.  

 
 

10.9. STRATEGIES FOR PREVENTION OF ILLEGAL MINING 
 
Illegal mining dominates global mining challenges. It needs a balanced, 

long-term approach that directly addresses and identifies its root causes. The 
solitary efforts may not suffice to handle the challenge; rather it needs 
collaborative efforts from all the stakeholders. It needs more rigorous 
monitoring of mining projects. The state government is responsible for the 
mining of its land. The government holds the mines in trust. The Indian 
government has taken measures to combat illegal mining, encouraging states 
to establish more advanced processes for monitoring the manufacturing and 
transportation of minerals, and organizing conversations between the central 
and state ministries involved to explore possible policy alternatives (Human 
Rights Watch 2012). State governments have been empowered to regulate 
the prevention of illegal mining, transportation and mineral storage, 
reinforce the main inspection scheme, and revert to royalty rates (revised 
from time to time by the government) (Ministry of mines 2015). It needs to 
define the function of authorities to control illegal mining and involve local 
management in the control system. The revision of rules on sand mining, the 
establishment of a district-level committee and the mapping of illegal 
mining for public use can be the further steps in the deterrence of illegal 
mining. 
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In order to put a check on illegal mining, the MMDR Amendment Act, 
2015 has made the penal provisions for illegal mining more stringent. Higher 
penalties, or imprisonment or both have been provided for violations. A 
National Mineral Exploration Trust has also been set up under this act to 
encourage exploration operations and also to monitor illegal mining. In 
December 1999, the amendments were made in the MMDR Act, 1957 and 
the Rules framed there were based on the report of the Tandon Committee27 
constituted by the Ministry of Mines. Legal provisions for curbing illegal 
mining have been reinforced by delegating powers to state governments for 
a check, search entry, etc. Apart from the contemporary seizure powers for 
instruments, machinery, etc. used in illegal mining, the confiscation 
provisions were formed introducing a legal provision for the transport and 
movement of minerals in order to reduce the movement of illegally mined 
minerals. According to the MMDR (Amendment) Act, 2015, stringent 
punitive measures to prevent illegal mining; higher penalties or 
imprisonment or both for offenses, special courts may be formed if needed 
(Ministry of mines 2018).  

 
10.9.1.2. MCDR Rules, 1988 

The Central Government revised Rule 45 of the Mineral Conservation 
and Development Rules of 1988, making it obligatory for all miners, traders, 
stockholders, exporters and end-users to register and report to the State 
Government(s) and Indian Bureau of Mines on the manufacturing, trade and 
use of minerals as one of the measures to combat illegal mining. It also 
promotes end-to-end national accounting of all minerals generated in the 
nation from pit head to end use, lessening the scope for illegal mining, 
evasion of royalties, and etc. (Ministry of mines 2018). 

 

                                                           
27 Tandon Committee was constituted in February 1997 under the Chairmanship of Shri B.B. 

Tandon, the then Secretary, Ministry of Mines to make recommendations regarding 
delegation of powers to State Governments for grant/renewal of Prospecting Licenses/Mining 
Leases, review of the  existing laws and procedures governing the regulation and development 
of minerals to make them more compatible with the contemporary scenario of economic 
liberalization, expeditious grant/renewal of mining concessions by reviewing the procedures 
and measures for preventing illegal mining (Government of India 2000). 
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10.9.2. Initiatives to Control Illegal Mining by Central and State 
Governments 

 
While the government of the states formulates guidelines for the control 

of illegal mining, the central government has advised and coordinated 
operations and initiatives to assist all the states to curb illegal mining. A 
Central Coordination-Cum-Empowered Committee (SCEC) has been 
established by the Government, with representation from State Governments 
and Central Ministries concerned to consider all mining-related problems 
periodically. State governments have been recommended to set up SCEC to 
coordinate endeavors to regulate illegal mining by including representatives 
of rail, customs and port authorities. The State Governments have also been 
recommended to prepare and implement an Action Plan separately with 
particular measures to detect and control illegal mining. Use of advanced 
technology such as remote sensing, traffic control, collecting market 
intelligence, registration of end-users and setting up of special cells, etc has 
been encouraged (Ministry of mines 2018). The Ministry of Coal and Coal 
India Ltd (CIL) have already taken several steps to prevent illegal coal 
mining.  

The ministry has taken the initiative to use space technology through the 
Mining Surveillance System (MSS) to support state governments to control 
of illegal mining. The MSS was undertaken by the Indian Bureau of Mines, 
Ministry of Mines and Bhaskaracharya Institute for Space Applications and 
Geo-informatics (BISAGs) of Ministry of Electronics and Information 
Technology (MEITY) to create a system for detecting the incidence of 
illegal mining using space technology and surveillance of areas up to 500 
meters above the lease border to monitor the incidences of illegal mining 
(Ministry of mines 2018). A high-tech system of ore movement that tracks 
the entire production from end to end will be very useful. The railways have 
now changed the system to ensure that illegal mining minerals are tracked. 
Earlier, it would load each wagon individually. Now, at one go, they weigh 
the entire rake and count the total weight sum on the trucks loading with the 
load on the rake. Port authorities have been asked to verify cargo being 
loaded at the dockyard for the state of origin and to certify it for the royalty 
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paid. Improved control over illegal mining activities through rigorous 
stakeholder scrutiny by posting information on mining operations in the 
public domain. 

 
 

10.9.3. Changes Observed 
 
Due to the central government's proactive stance on the issue, many 

states have come forward and framed rules for controlling illegal mining 
under Section 23C of the Mines and Minerals (Development and 
Regulation) Act, 1957. Task Force and Coordination-cum-Empowered 
Committees have been set up at the state and/or district level to check illegal 
mining as per the instructions of the Central Government. Five States have 
digitized the total mining lease hold areas. Governments of Rajasthan and 
Orissa have started using satellite imageries. State of Rajasthan has digitized 
mining areas using GIS platform and superimposed these data on the digital 
toposheets provided by the Indian Survey. Gujarat, Jharkhand, Karnataka, 
Orissa State Governments have introduced holograms or bar codes in the 
issued transport licenses. 

 
 

SUMMARY 
 
Large-scale illegal mining has rapidly increased across the country. 

Even though it is not new, it has become a serious national threat due to its 
phenomenal rise. There are numerous adverse and unbearable effects of 
illegal mining. The effects are not just limited to deforestation and pollution; 
it influences socio-economic conditions and political affairs. It has an array 
of consequences and challenges, such as health and safety of the employees, 
increased criminal activities and degradation of societal values. The illegal 
extraction of minerals is a quick shortcut for money laundering. The damage 
it is causing to the environment and its ill effects on the society craves for 
effective policies and their monitoring to track their extraction and regulate 
illicit miners.  
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quantity of overburden create severe environmental problems; firstly, by the 
destruction of green cover, secondly by polluting the environment, and 
thirdly by creation of huge dumps of solid waste. For example, the 
production of 1 ton of copper generates 110 tons of waste and 200 tons of 
overburden (Earthworks and Oxfam America 2004). These wastes are 
generally considered worthless at the time of production, yet they can still 
contain mineral and energy resources that may become valuable in future.  

The mining sector plays a leading role in waste management and it is 
one of the few industries that recycle its own waste (Lottermoser 2010). 
Technological advances and changes in regulations bring about significant 
advancements in mineral waste management. The mining sector is 
increasingly attesting to the measures such as upgrading mining technology, 
adopting scientific methods of mining, mechanization and modernization of 
equipment, compliance of sustainable mining methods and inviting R & D 
in the field by academia and research institutes. 

 
 

11.2. WHAT ARE MINING WASTES? 
 
Mineral waste is anything left over from a mining and quarrying 

operation that cannot find a productive use. It consists mostly of rock, soil 
and other inert materials that are not harmful in themselves to human health. 
However, it contains zinc, iron, cadmium, arsenic, lead, copper, 
molybdenum, selenium, manganese, cadmium, mercury, chromium, metals 
that may be toxic to living beings. According to the Basel Convention28, 
wastes are substances or objects, which are intended to be disposed of or are 
required to be disposed of by the provisions of national laws (AllBestEssays 
2012). Mining waste is the result of minerals being prospected, extracted, 
treated and stored. 

According to the definition of the Organization for Economic Co-
operation and Development (OECD) Glossary of Statistical Terms, mining 

                                                           
28 Basel Convention is basically an international agreement aimed to reduce the movement of 

hazardous waste between nations and, in particular, to prevent the transfer of hazardous waste 
from developed countries to less developed countries. 
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high volumes of wastes are produced because of low or very low 
concentration of metal in the ore (Planning Commission 2012). The huge 
amount of inorganic non-hazardous solid waste is produced during the 
removal of overburden. Similarly, inorganic hazardous wastes are also 
produced during the secondary process such as beneficiation of non-ferrous 
metals like lead, zinc, and copper (Pappu et al. 2007). Although a wide 
variety of wastes are generated during mining and mineral processing 
activities, the most significant mineral wastes are discussed below: 

 
a) Rock Waste: Materials that contain an insignificantly low 

concentration of the ore minerals to be extracted profitably, is 
termed as rock waste. This material is separately stacked as a waste 
dump at the mine site so that it could be used in future if their tenor 
increases in future (Haldar 2013). Rock waste is the coarse-graded 
material that is broken and removed during the mining operations 
(Collins and Miller 1979). Usually, open caste mining produces 
more waste compared to underground mining. The waste dumps are 
covered with soil for plantation as a remedial measure for 
environmental degradation due to mining. 

b) Over Burden: The ratio of overburden excavated to the quantity of 
mineral removed is referred to as the overburden ratio or stripping 
ratio (Chandra Bhushan 2005). For instance, a 4:1 stripping ratio 
implies removing 4 tons of waste rock to remove one ton of ore. The 
stripping ratio differs from mine to mine and region to region, for 
e.g., the stripping ratio of limestone in Himachal Pradesh is nearly 
zero, while that in Rajasthan is about 0.308, which is ~300 kg of 
waste per ton of limestone mined (Bhushan 2005). It is usually 
deposited on the surface at the mine sites (Rankin 2011). The topsoil 
is stacked separately so that it could be used for re-vegetation at the 
time of mine closure.  

c) Tailing: Tailings are an output of mineral beneficiation process and 
usually in the form of slurry containing hazardous chemicals (Das 
and Choudhury 2013). The amount of tailings can range from 90-
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98% for some copper ores to 20-50% for other less precious 
minerals (Nagaraj 2005). 

d) Slags: Slags are glassy substances produced from metal smelting 
and were traditionally considered as waste. Nowadays slags are used 
in concrete and road constructions (Haldar 2013). 

e) Mine Water: Mine water quality depends upon the ore body; it may 
be acidic and contain various heavy metals. In working mine, the 
mine water is expelled in order to keep mine dry and facilitate an 
easier approach to the ore body (Pal et al. 2012). The flow of unsafe, 
polluted, acidic water from old mining areas is Acid Mine Drainage 
(AMD)29. The level of pollutants in the water depends mostly on the 
area from which it is derived. The water may contain a high 
concentration of salts, sulfate, iron, aluminum, toxic heavy metals 
such as cadmium and cobalt, and sometimes radioactive elements. 
As it spreads underground and flows into streams and rivers, this 
contaminated water can pollute soil and water supplies. 

f) Gaseous Waste: Gaseous waste consists of particulate matter or 
released gases such as sulphur oxides. It is produced during high-
temperature chemical processes like smelting of the ore body 
(Lapierre 2009). 

 
 

11.5. WASTE GENERATION FROM MINES:  
INDIAN AND GLOBAL SCENARIO 

 
Mineral waste is increasing at a faster pace than the GDP30 rate. Rising 

demand leads to increased mineral production resulting in generation of 
huge quantities of solid waste and tailings. In gold mining, it is estimated 
that only 5.3 g of gold is extracted per ton of ore, whereas, a ton of gold 
produces 200,000 tons of tailings (Desjardins, 2013). 

                                                           
29 Acidic water outflow from the mine site. It occurs when rain, runoff, or streams come in contact 

with sulfur-rich rock. 
30 Gross Domestic Product (GDP) is the value of all products and services generated within the 

boundaries of a country over a particular period of time (Investopedia, 1970).  
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At present, overall data on waste generation are insufficient to compile 
comprehensive statistics, however bigger the scale of the mine, greater is the 
quantum of waste generated. Out of the commonly adopted mining methods, 
open-pit mines produce 8 to 10 times as much waste as underground mines 
(Earthworks and Oxfam America 2004; Das and Choudhury 2013). The 
overburden ratio for surface mining of metal ores usually varies from 2:1 to 
8:1 based on local conditions, whereas the ratio for solid wastes from 
underground mining is typically around 0.2:1 (World Bank Group 1998). 

In India, over 200 million tons of non-hazardous solid inorganic wastes 
are produced annually (Saxena and Asokan 2002; CPCB 2000), out of which 
80 million tons are mine tailings/ores of iron, copper and zinc mines etc. 
(Gupta 1998; Agrawal et al. 2004). A conservative estimate puts an 
overburden (excluding waste produced during processing) at 1861 million 
tons generated in 2006 (Anon 2001; TERI 2001). The average stripping ratio 
for limestone mines in India is 1:1.05 according to the data generated by the 
Indian Bureau of Mines, whereas for copper mines, it is 1:9. (Sinha et al. 
1998). On the other hand for large-scale cement sector with captive mines, 
the average stripping ratio is only 1:1.05, which is quite good. However, the 
generation of overburden is subjective and varies from mine to mine (IGEP 
2013). 

In Sukinda valley in Orissa, about 30 million tons of overburden has 
already been dumped in the vicinity of various mines. This overburden 
contains approximately 0.5-0.6 per cent nickel and 0.1per cent cobalt (TERI 
2001). In Goa, about 40 million tons of overburden and waste material is 
generated against annual production of about 15 million tons of iron ore 
(TERI 2001). This is a phenomenal quantity of waste generated at an average 
stripping ratio of about 2.5:1 to 3:1 (Planning Commission 2012). In addition 
to this, there is an acute shortage of land for dumping purpose (TERI 2001). 

Globally each year mining industries produce several billion tons of 
solid inorganic waste as mine by-products. In 2004, the copper industry 
generated 3348 million tons of waste material to produce 10.8 million tons 
of copper metal (Taylor 2006). In 2010, Europe has generated 2.7 billion 
tons of waste, of which only ~ 40% was reused, recycled, composted and 
digested (Ellen MacArthur Foundation 2013). As the higher grade mineral 
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Also, spills from tailings and release of toxic waters are responsible for the 
severe adverse effect of mining on the environment, although adequate 
technology is available to lessen or even eliminate these risks (Planning 
Commission 2012).  

 
 

11.7. MINE WASTE MANAGEMENT 
 
Mineral wastes and processed water/runoff are the two major releases 

from mining; their management poses a great challenge to the mineral 
industry (Planning Commission, 2012). Wastewater from the mine can be 
recycled and used in the power station and reused for irrigation after proper 
treatment. The mineral waste management measures should properly 
examine geochemistry of the materials keeping an eye on the potential risk 
of toxic contaminants that might be released to the environment, and also 
their suitability for use in revegetation. The use of technology combining 
reverse osmosis (RO), nanofiltration (NF) and ultrafiltration (UF) 
membranes, ion exchange resins, and behind-the-scenes research might be 
the steps in the right direction to treat the acid mine drainage.  

 
 

11.7.1. Disposal of Waste Products 
 
For disposal of the solid waste, the sites are selected carefully with 

proper consideration of topography in order to restrict the flow of materials 
from the dumping site by water channels. Such disposal of the waste material 
should be done sustainably in order to minimize its impact on the 
environment. It includes examination of land over which waste has to be 
dumped and the possibility of contamination of water, air, land, and biomass. 
The techniques used in the disposal of mine wastes are terrestrial 
impoundment, underground backfilling and deep-sea tailing placement (Pal 
et.al. 2012). The techniques are briefly explained below: 
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facilitate tailor-made, eco-friendly management strategies to be developed 
to properly utilize lower-value byproducts. This can also help protecting the 
environment from even toxic wastes. Revisiting mine tailings will not only 
increase the working life of existing mines but also instill new life into long-
abandoned mine sites (Fox 2016). 

 
 

11.7.6. Integrated Biotechnological Approach 
 
The objective of this approach is two-fold, namely, the prevention of 

heavy metal leachates from the dump and the rejuvenation of productivity 
by vitalization of the dump with organic waste and biofertilizer. In this 
approach, mine dumps are evaluated for physical, chemical and biological 
characteristics (TERI 2001). For example, almost all cobalt can even be 
recovered using bacterial oxidation. This technique is considered as a 
greener processing technique; initially designed to release gold from pyritic 
rocks (Fox 2016). 

 
 

11.7.7. Potential Management Measures and Remedial Action 
 
In general, each mining waste site is different, the choice of action 

depends on the specific nature of the site and type and extent of its 
contamination. The amount of waste material being hauled to the surface 
will decrease significantly through the use of new technology to sort and 
transport ore (CMIC 2016). Adopting selective blasting techniques could 
help to reduce the waste to be processed, increase the metal content of the 
ore, reduce greenhouse gas emissions and save energy. The software 
programs are being used effectively in areas such as blasting operations and 
grinding processes in mining. The quality of explosives has been 
significantly improved, enabling 'cast' or 'throw ' blasting where the waste 
material is tossed straight into storage fields allowing the machinery to 
reduce waste (Andrews 1992). 
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The Reflux Flotation Cell34 (RFC) has direct application in processing 
material that is presently being sent to tailings dams. The RFC can process 
materials 5 to 10 times quicker than contemporary technologies, providing 
the sector with an economically feasible alternative; for example, to separate 
fine coal from tailings waste (The University of Newcastle Australia 2017). 
The ROMELT Process of steel making would be able to consume the 
tailings (low-grade iron ore) (TERI 2015). 

 
Waste Management: Maximize Value Minimize Waste 

 
�x Commitment to avoid sub-optimal and unscientific mining. 
�x Up-gradation of mining technology 
�x Scientific and sustainable mining practices. 
�x Adoption of circular economy rather than linear economy. 
�x Utilization of the entire run-of-mines. 
�x Practicing waste hierarchy 
�x Conducting intensive R & D by academic and research institutes. 

 
All these techniques anticipate a widespread technological 

modernization and innovation of the industrial system. Specific areas 
includes modifying process techniques to reduce waste generation, issuing 
regulatory, administrative and financial instruments finalized to reduce 
waste generation, and enhancing the recycling and recovery potentials of 
waste materials. This may prove to be a significant measure to meet the 
target of sustainable use of resources and minimization of waste generation. 

 
 
 
 

                                                           
34 The Reflux Flotation Cell (RFC) designed by renowned Chemical engineer Laureate Professor 

Kevin Galvin, and colleague Dr Jamie Dickinson to recover valuable mineral particles from 
mining waste streams that would otherwise be sent to tailing dams (The University of 
Newcastle Australia 2017). 
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2001); as mineral development is not just the exploitation of mineral wealth, 
but to maintain the environmental balance through sustainable development. 

 
 

12.2.3. Elements of Sustainable Mining 
 
Traditional mining practices often have far-reaching impacts on regional 

socio-economics and environment, much beyond the sphere of the safety of 
men and property. Sustainable mining urges a changeover of mining patterns 
and socio-economic relations. It implies the integration of environmental 
strategies with social and economic ones. It emphasizes equal consideration 
of all the three aspects of sustainability in mining which can predict growth 
in a coordinated way.  

 

 

Figure 12.1. Elements of sustainable mining. 

Due to the progressive nature of the economy, it is necessary to analyse 
the cost and benefits of the mining sector and to ensure development without 
harming the social, economic or environmental fabric of the nation. 
Achieving a dynamic balance between supply and demand for minerals, 
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dislocation etc. In order to overcome these negative impacts of mining, the 
collaboration among mining companies, national and subnational 
governments, local communities, international actors and other stakeholders 
need to be improved. Also, the mining communities must be educated so 
that they will become aware of their natural inheritance and subsequently 
demand their rightful share.  

 
 

12.2.6. Economic Growth 
 
Mining drives economic growth through its backward36 and forward 

linkages37. It also generates fiscal revenues and export earnings, creates jobs, 
contributes to building infrastructure and thereby contributes to economic 
growth. Sustainable mining accentuates clear, precise and rational 
quantitative goals for economic acquisition and use of mineral resources. To 
initiate sustainable and long-term economic growth, management of 
resources is of critical importance. For that, a mining project should be 
economically viable, financially cost-effective and technically effective 
(Kumar 2014). 

 
 

12.3. SUSTAINABILITY CHALLENGES FOR MINING 
 
Sustainable mining is a tool to harmonize economic, social, and 

environmental concerns of mining. India is blessed with an abundance of 
natural resources, including a high biological diversity and a variety of 
minerals. However, as compared to global standards, a significant 
technology gap exists both in terms of accessibility and mining practices. If 
it wants to meet the aspirations of current and future generations, it has a 
                                                           
36 Backward linkages refer to the local production of inputs to the mining industry, i.e., the supplies 

needed for an investment to be implemented, such as machinery and infrastructure (Moritz et 
al., 2017). 

37 Forward linkages imply that the minerals from the mining industry can be used as a raw material 
in another local industry, i.e., downstream activities such as processing, refining, and 
fabricating the crude ores and concentrates (Moritz et al., 2017). 
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number of social and economic challenges to overcome. These include 
poverty eradication, capacity-building, health and employment creation. 
Also, the increasing energy consumption and the hazardous link between 
metal production and greenhouse gas emissions pose great challenges in 
securing sustainable mineral supply. 

The challenge of sustainable development requires the integration of a 
quest for economic development with environmental concerns (NCERT 
2007). It is very important to consider the impacts of mining activities on 
the surrounding socio-economic environment, and affected individuals. 
Sustainable mining challenges drive India to reinforce commitments for the 
mining sector in environmental science and techno-scientific research. The 
mining sector is, therefore, gearing up for a quantum leap with great 
prospects for development. It shows a transition in the outlook and sees 
Environmental Impact Assessment38 (EIA) as integral to its environmental 
policies to achieve sustainable development for the future (Banham and 
Brew 1996). 

 
 

12.4. NOTABLE SUSTAINABILITY INITIATIVES 
 
Sustainable mining initiatives respect the obligation to preserve the 

ecological base for development. It lines up the mining sector with social 
expectations and maximises the long-term benefits through the effective 
management of resources. It can be considered as a technological system 
that can search continuously for new solutions. In order to reach sustainable 
development, the self-subsistence and self-organization of ecosystems must 
coexist with anthropic processes; otherwise, their imbalance will, in turn, 
lead to self-induced entropy (Ministry for the Environment and Territory 
Italy 2002). Monitoring actions towards sustainable development are 
conducted by means of a certain number of indicators that describe all 
environmental processes relevant for sustainable development. By 

                                                           
38 Environmental Impact Assessment is a process that analyses the probable environmental 

consequences of the development activities. 
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managing environmental impacts, the long-term viability of mining 
operations can be secured, which, in turn, addresses the social issues (Singh 
and Singh 2016). Reclamation of mine wasteland can be one of the potential 
areas for employment generation, the economic benefit of the local society. 
Geological information can also play a key role in addressing the challenges 
of sustainable development, such as land degradation and groundwater 
protection, and it can in this way contribute to improved decision-making 
processes (Häggquist and Söderholm 2015).  

 
 

12.4.1. Sustainability Practices in India 
 
India is one of the most stable and largest democracies in the world 

poised for rapid economic growth in the conducive environment (Dhar 
2000). However, it strives for sustainability in mining which will allow the 
growth of the mining industry while maintaining an acceptable quality of the 
environment and a stock of mineral resources on which its future 
development depends. This would enable Indian mining to enter into a new 
era of development with sufficient momentum so as to be among the world 
leaders. 

The initiatives are taken on the different fronts which include improving 
infrastructure, technological up-gradation, increased employment, 
community development and support for local trade. India has also 
formulated several regulatory and legal mechanisms to promote 
environmentally sustainable mining which includes mandatory 
environmental impact assessment, provisions for forest clearance, coastal 
zone regulations, and water and air pollution prevention act. The investment 
in this sector has been increased for personnel training, scientific research 
and development which ensure the highest environmental, safety and 
community standards. In 2015-16, Coal India Limited has brought about 
several technological innovations such as the development of telerobotics 
and remote sensing technology to achieve sustainable mining goals. Vedanta 
Limited (formerly known as Sesa Goa Limited) has undergone robust efforts 
towards sustainability. For example, reclamation of the worked mine and its 
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transformation into a beautiful garden, construction of a technical school and 
football academy at the reclaimed site, conversion of the pit into pisciculture 
pond etc. Another example of sustainable practices in India is the 
rejuvenation of contaminated mine wasteland in Bengal EMTA, West 
Bengal. A recent and probably most crucial initiative was taken very 
recently by the Rashtrasant Tukadoji Maharaj Nagpur University. There was 
an old abandoned stone quarry in the land owned by the university. Recently, 
while a new administrative building was being constructed in the proximity 
of this stone quarry, it was converted into a water recharging pit along with 
a series of Continuous Contour Trenches (CCTs) for recharging water and 
the mining dump was used for plantation. An initiative taken by the Vice-
Chancellor of the university Prof. S. P. Kane has therefore set up a replicable 
model for making use of the abandoned mining sites for the societal benefits. 
 

 
12.4.2. Sustainability Practices Worldwide 

 
With the growing sustainability issues, mining companies tend to adopt 

good mining practices according to suit international standards. 
Governments of over 60 countries have come together and formed the 
Intergovernmental Forum on Mining, Minerals, Metals and Sustainable 
Development (IGF) to improve governance and decision-making to leverage 
mining for sustainable development (UNDP and UN Environment 2018). In 
Papua New Guinea, considering the sustainable development principles of 
the International Council on Mining and Metals, the investment had 
especially done on Lihirian cultural heritage management where Lihir39 
gold mine is located. Vale, a leading multinational company in the mining 
sector is the world largest producer of iron ore and second largest of nickel. 
It stepped forward towards sustainable development with Research and 
development initiatives targeted in the area of biodiversity, climate change, 
water management, social and environmental development. These initiatives 
                                                           
39 Lihir gold mine located in Lihir Island of Papua New Guinea in 1995 and operated by Lihir Gold 

Limited. It has generated adverse socio-economic concerns and so strongly criticized all over. 
Thus a collaborative project for socio-economic and environmental sustainability was being 
implemented.  
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identify, quantify and, evaluate the total potential environmental impact of 
production processes or products, from the procurement of raw materials 
(the cradle), to production and utilization (the gates) and their final storage 
(the grave), as well as determine ways to repair damage to the environment 
(Brentrup and Palliere 2008). 

 
 

SUMMARY 
 
Sustainable development is a guiding principle for long-term 

development which balances environmental, economic, and social 
dimensions. Though much has been done in India in this field, more is still 
left. It is necessary to ensure equitable and sustainable use of the 
environment and mineral resources for the benefit of present and future 
generations. Besides the health, income and living conditions of the poor 
majority need to be improved to accelerate economic growth with greater 
equity and self-reliance. However, while economic systems need ever-
increasing growth, the environment demands balance and stability. This 
sector can be made more productive by adopting an advanced and 
sustainable technological solution in the entire mining process, fixing the 
gaps in its regulatory mechanisms and learning from successful domestic 
and international sustainable mining. 
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introduced the National Mineral Inventory in accordance with the latest 
version of the UNFC scheme. Accordingly, it is reporting mineral reserves 
and remaining resources, and thereby enabling the sector to achieve the goal 
of sustainable development. 

 

 

Figure A2. Three-axes and numeric coding of UNFC system. 

 
 
 
 



 

Table A1. Definition of E-F-G categories according to the United Nations Framework Classification  
 

Economic Assessment: It corresponds to the resource/reserve figures as obtained from the feasibility assessment. 
Category E1 E2 E3 
Label Economic Potentially Economic Intrinsically Economic 
UNFC Definition Quantities, reported in tons/volume 

with grade/quality, demonstrated by 
means of a prefeasibility study, 
feasibility study or mining report in 
order of increasing accuracy. Justifying 
extraction under technological, 
economic, environmental and other 
appropriate commercial situations. 
Realistically assumed at the stage of 
determination.  

Quantities, reported in tons/ volume with 
grade/quality, demonstrated by means of a 
prefeasibility study, feasibility study or 
mining report, in order of increasing 
accuracy. Not justifying extraction in 
technological, economic, environmental and 
other relevant commercial situations. 
Realistically assumed at the time of 
determination, but possibly in the future. 

Quantities, reported in tons/volume with 
grade/quality, estimated by means of a 
geological study to be of intrinsic economic 
interest. Since the geological study includes 
only a preliminary evaluation of economic 
viability, no distinction can be made between 
economic and potentially economic. These 
resources are therefore said to lie in the range 
of economic to potentially economic. 
Generally, only in-situ quantity figures are 
reported. 

Feasibility Assessment: It reflects the degree of assurance of economic viability 
Category F1 F2 F3 
Label Feasibility Study and/Mining Report Prefeasibility Study Geological Study 
UNFC Definition Mining Report and/or Feasibility Study 

has demonstrated the extraction of the 
reported quantities to be justified. A 
Feasibility Study assesses in detail the 
technical soundness and economic 
viability of a mining project and serves 
as the basis for the investment decision 
and as a bankable document for project 
financing.  

A Pre-feasibility Study provides a 
preliminary assessment of the economic 
viability of a deposit and forms the basis for 
justifying further investigations. 

A Geological Study is an initial economic 
viability assessment that is obtained by 
applying meaningful cut-off values for the 
grade, thickness, depth, and costs estimated 
from the comparable mining operations. 



 

Feasibility Assessment: It reflects the degree of assurance of economic viability 
Category F1 F2 F3 
Label Feasibility Study and/Mining Report Prefeasibility Study Geological Study 
 Mining report presents the current 

status of the deposit, providing a 
detailed and accurate, up-to-date 
statement on the reserves and the 
remaining resources. 

  

Geologic Assessment: It defines the reserve/resource categories according to the degree of geological assurance 
Category G1 G2 G3 G4 
Label Detailed Exploration General Exploration Prospecting Reconnaissance 
UNFC Definition Detailed exploration involves the 

detailed three-dimensional delineation 
of a known deposit achieved through 
samplings, such as from outcrops, 
trenches, boreholes, shafts and tunnels.  

General Exploration involves 
initial delineation of an identified 
deposit using surface mapping, 
widely spaced sampling, 
trenching and drilling. 
Preliminary assessment of the 
quantity and quality of minerals 
and limited interpolation based 
on indirect methods of 
investigation.  

Prospecting is the 
systematic process of 
searching for a mineral 
deposit by narrowing 
down areas of promising 
enhanced mineral 
potential. 

A reconnaissance study 
identifies areas of enhanced 
mineral potential on a 
regional scale. It is based 
mainly on outcomes of the 
regional geological research, 
regional geological mapping, 
airborne and indirect 
techniques, preliminary field 
inspection, as well as 
geological inference and 
extrapolation. 

Source: UNFC 1997, 2009. 
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