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Abstract

India ranks third largest coal producing country in the world and is also the
fourth largest importer of coal in the world. The aim of this study is have a revieyw
of adaptation of CCT in the context of Indian coal based power value chain, with
the goal of reducing the negative impacts associated with coal mining. The study
also attempts to provide an overview of Indian coal based power value chain and
its three pillars: coal mining, coal logistics, and coal power plants. The quality of
Indian coal is poor and is worsening since the higher quality resources have
already been exploited. Coking coal accounts for around 18-20 percent, of which
only a small percentage is of prime coking quality. The rest of the Indian coal is
characterised by high ash content. This is due to the fact that majority of coal in
India in Gondwana sediments, which are characterised by seams intertwined
with mineral sediments. Further Indian coal has high moisture content, while
sulphur content and calorific values are low. Coal in India commonly belongs to
D, E and F categories which have low calorific value. In India Clean Coal
Technology is to be studied in reference to long term planning. The benefits of
Clean Coal Technology may not appear in shorter duration but on a longer time
framework it appears that India can gain competitive advantage only by adhering
to norms and procedures prescribed by Clean Coal Technology. Clean Coal
Technology is a broad based concept which is aimed at achieving higher
productivity and greater benefits to the users of coal.
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Introduction ‘

India ranks third largest coal producing country in the world and is also the
fourth largest importer of coal in the world. The abundant availability of coal an
its affordability makes it a major contributor for generation of electricity in ouf
nation. Coal accounts for around 69 per cent of the country’s electricity OutP‘ft'
In the days to come coal as a fossil fuel will continue to play a dominant role
meeting ever-increasing energy demands of the nation. Thus managing ;
negative consequences of coal mining must be viewed as continued priorit)"
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0 logistics, and coal power plants. These areas offer significant scope
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world’s Jargest coal producing company Coal India Limited accounts for around
| sector has a dominant role to play in the

or cent of the India’s coa
introduction and adaptation of CCT. In coal logistics and transportation,
Opportunities to explore are introduction of new low emission haul trucks,
conveyors, vehicle guiding software, and hydro-transport. The most promising of
plants, i.e., introduction of supercritical,

the three pillars is within coal power
circulating fludised-bed consumption and integrated gassification combined cycle
poiler technology is perfectly suited for Indian conditions. An attempt also been

made by briefly addressing other two CCT innovations that are only beginning
o be considered in India: Carbon Capture and Storage (CCS) and Underground

Coal Gassification.

Coal Mining

Main Coal Regions and T
found in two main geologica
early Tertiary sediments (Eocene).
category, and are located in the easte
specifically in Andhra Pradesh, Assam,
Pradesh, Maharashtra, Orissa, Sikkim,
tertiary coal fields are mainly located in Arun
Nagaland and other North-east regions. Lignite resources
Nadu, Gujarat, Rajasthan, J & K and Puducherry.

The quality of Indian coal is poor and is worsening since the higher quality
resources have already been exploited. Coking coal accounts for around 18-20 per
cent, of which only a small percentage is of prime coking quality. The rest of the
Indian coal is characterized by high ash content. This is due to the fact that
majority of coal in India is located in Gondwana sediments, which are
characterized by seams intertwined with mineral sediments. Further, Indian coal

has high moisture content, while sulphu fic values are low.
Coal in India commonly belongs to D, E an ave low calorific
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Table 1: Classification of Indian Coal with C“lori;. Cplembey 2014
Ash and Moisture Values €
_G(mde Calorific Value Range (kcal/kg) Ash & Moisture Contenp o~
A Exceeding 6200 Not exceeding 195 ntent (%)
B 5600 — 6200 19.6 to 23.8
C 4940 - 5600 23.9 to 28.6
D 4200 — 4940 28.7 to 34.0
E 3360 — 4200 34.1 to 40.0
F 2400 — 3360 40.1 to 47.0
G 1300 — 2400 47.1 to 55.0

Coal Washing

Coal washing is a process of scparation which uses the difference in specifi
gravity of coal and the impuritics (hat are extracted along with it, such aspsh;[;c
sand and stones. The purpose of coal washing is to get a relatively puré
marketable coal, with a higher calorific value since non-combustible material is
Sepamtcd from usctul combustible malerial. Due to the high ash content, this
Srocess is particularly appropriate for Indian coal, and it started to be adopted
in the 1950s. Traditional Indian coal washeries mainly use outdated technology,
but the need for coal washing, is mncrcasing and calls for an improvement of the
technologies and a b roadening of beneficiation. Coal washing allows the lowering
of production costs through improved (hermal efficiency and availability, and
also reduces the amount of malterial to be (ransported, hence cutting emissions in
transportation. Furthermore, coal washing increases the calorific value of the coal,
lowers ash disposal, opvmlion and maintenance costs, reducing the need for
imports of higher quality coal. Coal washing Also reduces land requirements, and
has a social impact as well, decreasing, seltlement costs and effects on cultivation
in the impact zon¢, and improving health and living conditions. In 1997, the
Ministry of Environment and Forest decreed that all thermal plants located ata
distancé of a thousand kilometres OF more from the mine (or located in very
polluted urban areas) must use coal not exceeding 34 per cent ash content: X
law does not apply to plants sifuated near mining sites, which cant b“ml ct?ut
without beneficiating it. The regulation was meant to be operative since 200 i<ing
has not been implemented on a large scale. In India there are currently 17 CC?1lion
coal and 32 thermal coal washeries, with a total installed capacity of 130 m!
tonnes a year. However, the real effective utilization is rather low:

The actud
. . . . : coal.
washing 15 preceded by crushing, in order to reduce the s1z€ of rcziwl; ‘i‘g heavy
the smaller pieces are not washed, the bigger ones are beneficiate y e
medium bath or heavy medium cyclone. In some w

. . . 1 m .
washers and spirals are used, and sometimes the cleaning of coa o efficlef‘t'

rock removal by hand picking. However, these methods are cle .
investme

Although the governmenl’s support and Coal India’s recenthjs gin
coal washing, obstacles for implementation and improvemerlt_of tt ti
beneficiation continue to persist. There is widespread perceptlof'l ¢
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of coal, with coal sampling done by a third party.

Environmental Issues with Coal Mining and Washing
Coal mining has severe imp

acts on the environment that go well beyond the
problem of production of CO, generally associated with the use of coal. Mining
deeply affects air, water and land resources. Due to mining, dust and met}mane,
sulphur dioxide (SO,), oxides of nitrogen, CO and other gases are spread in the
air, thus affecting water and land resources, as well as hum

an health. These are
ini ncast operations.
consequences of underground mining and, even more, of ope P

Another source of damage related to mining are fires in the mines, which are

frequent and have severe consequences not o.nly for the environment and the
safety of the workers, but also for the production itself.

ribution and yse,

’ inCIUding the
e would be 3 further

€ase in prices.
owned power generation

oal will now be calculated

I is also

I ini iated activities on water resources is .

T'he impact of mining and associa T e
difficult I\/Ening requires large amounts of water, diminishing q ty

available for other purposes. Furthermore, both underground and opencast mining
disturbs aquifers and water table.
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water from coal mmeS-s ecies; moreover, it also causes thiecr?zflrs). This issue is
vegetation and w?tﬁf:tulies (barges, bridges, concff\f:un;z with coal washing,
equipment and S tred with opencast mining, ;S osals, in order to prevent the
especially assoc’a more adequate waste water disp Devéloping technologies for
making nec.esjaéfy underground and suraaiecv;r?::;\inants such as mercury that
Con‘;z\r';rl?lzgﬁ o re-usi(;) fcgli/lvlzailr:lig,t sf\ould become a bigger priority in the
con ining a

ult from M
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an environmentally—friendly manner is

coming years. Disposing of such rejects in ‘
challenging. One option that is already used in India, but could be developed

further, is greater use of these rejects in power generation. As some.stil have
carbon content, they can generate power through fluidised-bed combustion (FBC)
or circulating fluidised-bed combustion (CFBC) units at the end of the washery,

The impact of mining activities on land is probably the most evident, with
large scale excavations, removal of top soil, dumping of solid wastes, cutting of
roads, creation of derelict land, subsidence and so on. Whereas the impact of
opencast mining is more no ticeable, the one of underground drilling might not be
immediate to the eye, but it does affect the land on a large scale. Finally, noise and
vibration generated by mining and related operations, such as blasting and
crushing, not only affect the quality of life and work of the people working or
living in the mining area, but also have an impact on the environment, as they
disturb the local fauna, causing it to move elsewhere,
system.

The Indian government has issued legislation concerning environmental
protection, with the aim of addressing these kinds of problems. The Ministry of
the Environment and Forests has also started to reject some projects for new
coalfields due to their environmental impact, whenever it determines that they
would result in further deforestation and water pollution. Nevertheless, these
measures have not had the expected outcome, as the focus on mining as a priority
is stil very strong, hence implementation of laws and regulations is still rather
weak. Following some comments from civil society and non-governmental
organizations.(NGOs), Coal India has tried to mitigate the effects of coal mining,
introducing air, water and land pollution control measures with the Environmental
and Social Mitigation Project (ESMP). This project was implemented in 25 selected
opencast mines, was funded by the World Bank from 1996 to 2002 and tackled
both environmental and social roblems. Nevertheless, reports on CIL environmental

ractices found that in some cases overburden is not stocked safely, plantation
density is below expectation, topsoil is not properly restored and effluent, sewage
treatment is often inadequate and, in general, some mines operate without
appropriate environmental systems certification. Furthermore, problems of
compliance have been pointed out in the field of monitoring of implementation
of environment protection performance. In general terms, it can be said that clean
coal technologies and environmental concerns have to be implemented under
strict monitoring and need special care to succeed in India. As new power plants
are built, they do incorporate more CCT. There is also a need to renovate the oldef

Jants, as the main goal is to keep them running as long as possible, without
significant regard for environmental concerns. .

Main Coal Washing Technologies Currently are in India

hence misbalancing the eco-

e Coking coal:
o Heavy media (HM) cyclones
o Deshaling jigs, HM bath, batac jig and froth flotation
o Deshaling jig, HM cyclone and flotation
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clean o HM washer, cyclone and flotatign
i D), jig (small
Jig (coarse coa coal) and fro; .
Jig and heavy media. h flotation

Th ermal coal:

o Rotary breaker and barrel wagher
o HM washer, baum jig and flotation
o Run-of-mine (ROM) jigs, batac jigs
o HM washer, HM cyclone

o HM cyclone, hydro cyclone and spiral.

some new technologies are being introduced. For ex

: xample is dry sorting through th !
machines, which is an affordable alternative to ¢ 2 ghthe use of X -

- oal washing, which h
added benefit of not consuming (often scarce) water reso & ich has the

. . : urces. X-ray sorting does,
however, require highly-skilled personnel to operate effectively. y g
Coal Logistics

Logistics is a key factor in the coal supply chain, as coal transportation can
account for up to 70 per cent of the delivered cost of coal. Logistical considerations
begin at the coal mine proper and include the use of appropriate and economic
mining and material handling equipment and the transportation of coal to stock
yards and waste dump sites. On-site transportation is most commonly either

discontinuous (principally by large haul trucks) or continuous (such as belt
conveyors or mobile conveyor bridges).

The transfer of coal from the point of extraction to the final consumer (power
plants or industry) can be done through various modes of transport. In India, the
supply of coal to consumers is determined by the Standmg Linkage Committee
(SLC). The SLC establishes linkages between supply points, core consumtﬁrs
(power, cement and steel industries) as well as non-core consumers (0 3 e;
industries). Some 56 per cent of coal transport from the mines toI cg;\sumernt)
based on railways, with the rest transported bY road (approximate y1 ;taelrozz teci
merry-go-round (MGR) systems for the in)creads.lrtl}g1 nur’?}?:; }?;f\ io;\f/ecalrogzn :;rsltisc ocated
near pitheads (approximately 18 per C.ent and other. The ot coslEoiE

i IWT) is negligible, but the growing amoun !
‘iﬁlt)?r:;gntsop(c)(r)t/aet:olrr‘\cgia’s ()anergygm;geds principally rea;:‘h.es l\t/Iheg (Ci?\;lu':trgil?g'\s%%
s : ra, Dahej, Magaalla, a an
Most of indics m'a)or (anal\t%ft;: l:\f;taSOx::I;?though m}a-w ports arfz be:mg built
others are located in Gzt he country to accommodate the increasing imports.
in the south and east o-f t e1 Caded yinandled T tored mainly by conveyors
Within the ports, coal is unioder

i 'lway.
it 1 ther exthet by road or ral
before it 1s transported fur [ ]
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Even though transport by road offers flexibility, fuel,' tyre, labour apg
maintenance costs make the usage of trucks costly and inefficient. As a regy]p
large companies such as state-owned Coal India Ltd., principally utilise trucks for
carrying coal from pitheads to the nearest railheads. Coal transportation by roaq
is handled by a variety of private companies and large truck owners’ associations,
The share of coal transported by railway is on the rise, and India is currently
planning to complete three major railway lines in Jharkhand, Chattisgarh ang
Odisha by 2017 in order to reach its goal of producing 615 million tonnes of coal
in2016/17. Transportation by railway is handled by state-owned Indian Railways,

The on-site discontinuous transport method consumes a considerable amount
of energy and has an unfavourable carbon footprint due to emissions from large
haul trucks. In contrast, continuous mining systems rely on electricity and their
lower carbon emissions wil likely increase the appeal of these systems in the
future. The same applies to transportation from mines to the final consumers. A
study of the Indian transport sector by Ramachandra and Shwetmala shows that
shipping accounts for the smallest amount of CO, and CO emissions, followed
by railways, aviation and road transport.

Type of transport CO, emissions CO emissions
Shipping 0.6% N/A
Railway 2.0% 1.2%
Aviation 2.9% 45.1%
Road 94.5% 53.3%

As stated earlier, coal in India is mined at a limited number of locations
primarily in the east of the country, with major coalfields including Jharia, East
Bakara and West Bakara which are often located far away from factories and
power plants. This makes coal transport an important factor that leaves some
scope for a reduction in emissions. Even though power plants are increasingly
being built nearer to coal mines enabling transport through electricity-powered
systems such as MGR and conveyors the scope for greater investment in such
systems in India remains limited. Given the country’s extensive railway network
and the costs involved with building, operating and maintaining conveyors, these
systems wil likely remain feasible only for distances of some 10 kilometres,
replacing transportation by truck to a limited degree.

As coal in India contains a large amount of ash frequently between 40 and
50 per cent the transportation of such high amounts of inert material over long
distances increases emissions in transportation. Effective coal washing can
significantly reduce the amount of matter that needs to be transported. Since 2002,
the Indian Ministry of Environment and Forest requires that coal shipped more
than 1,000 kilometres (revised to 500 in 2012) from the mine should be washed
and have less than 34 per cent ash. An analysis of one facility, the Dadri Powet
Plant, estimates that the use of coal washing in that plant alone reduced CO,
emissions from transportation and combustion by over 600,000 tonnes per year:
Another recent study discovered a significant reduction in emissions after ry
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‘4. Indirect contribution to reducin issions i i
i gemlssxonsmtrar\sportatlon:C ibut:
to coal washing and dry (X-ray) coal sorting, which both gcl'):;:;butln
reduce emissions in transportation promoting Clean technol Ay
India and tackling Climate Change. =Sy
Conclusion

In India Clean Coal Technology is to be studied in reference to long tery,

gilannmg The benefits of Clean Coal Technology may not appear in sho
ration but on a longer time framework it appears that India can gain competi:it:r
e

advantage only by adherin i |
g to norms and procedures prescribed by Cle

Te}cubm.)logy: Clean Coal Technology is a broadbased concept whic}}ll is a?rrr\legioal

achieving higher productivity and greater benefits to the users of coal. In the shoit i

run th¥s technology may appear to be expensive and infeasible but over a lon
term time horizon CCT would not only help boosting coal production but a%er
mcreas.e‘productivity thereby ultimately lowering the cost per tonne of coal mines:
The critical mindsef of managers needs to undergo a thorough change towards
CCT. Coal mining in future will have to include activities such as coal washin
and efficient coal logistics. ;
: Thc? country’s continued investment in new coal mines and power plants is
plcreasmgly accompanied by investment in CCT. A major coal consumer and
importer, and home to the world’s largest coal producing company, CIL, India is
in a promising position to become a major player in CCT, once some of the

aforementioned obstacles alongside some others, such as outdated environmental
legislation are overcome:. With its major market share, substantial resources and
state backing, Coal India is particularly well-placed to spearhead CCT innovation
through direct R&D, as well as create positive ripple effects by investing in related
areas, such as CSR.
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