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Executive Summary
In 215t century, a major challenge faced by SAARC member states is poverty elevation with
minimal climatic deterioration. Poverty elevation requires significant industrial development
fueled by reliable, economical and indigenous energy resources. SAARC region possess limited
furnace oil resources, abundant but significantly consumed natural gas resources and substantial
coal resources. In this scenario, coal fired power generation is set to play a major role in power
generation portfolio of SARRC member states in coming decades. Despite the recent efforts to
enhance the share of electricity generation from renewable sources made by several countries
in the SAARC region, coal is and will going to be the single largest source of power generation in

near future, particularly in India, Pakistan and Bangladesh.

This inevitability of coal utilization for power generation in the region dictates that clean coal
technologies must be employed to reduce environmental burden. 215t Century clean coal
technologies offer higher efficiency with reduced pollutant emissions particularly NOx, SOx and
particulate matter. In the upcoming coal fired power plants in SAARC region, more than 50%
deploy supercritical technology coupled with Low NOx burners, flue gas desulfurization (FGD)
units and electrostatic precipitators (EP). This trend will ensure that coal fired power generation

will become cleaner from the past.

However, there are several areas that require immediate attention by the policy makers
regarding coal fired power generation in the SAARC region. Deployment of integrated gasification
combined cycle (IGCC) technology remains a key challenge. The major hurdle is contextualization
of technology which is designed on low ash coals to indigenous coal resources. Research and
development can be initiated targeted at specific deposits to develop dedicated gasifiers.
Improving thermal efficiency of coal fired power plant indeed reduces carbon dioxide emissions,
however, deep cuts in carbon emissions may only be realized by carbon capture and storage

(CCS). Therefore, the need of the hour is to invest in IGCC and CCS.
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Chapter 1: Introduction of the Study

In SAARC member states, provision of reliable, cheap and environment friendly energy portfolio
is one of the major challenges to ensure sustainable development while addressing the
increasingly pressing issue of deteriorating climate. Economic development, increasing
population and urbanization are main drivers of energy demand in SAARC member states.
According to key world energy statistics 2017, the primary energy supply has nearly increased
from 2571 MTOE to 6510 MTOE between 1990 and 2015 in Asian countries. The share of SAARC

member states in energy consumption will continue to increase within foreseeable future.

Coal contributes 39.3 % in global electricity generation and will continue to play a major role in
delivering secure energy within in coming decades. Although, the share of coal in the energy mix
is declining in developed countries like USA, China and UK, SAARC member states are planning to
enhance the coal based power generation as the region has abundant coal resources.
Particularly, the expansion of coal fired power generation in India and Pakistan will account for
the major increase in coal utilization in the region. Governments of Bangladesh and Afghanistan
have also planned to expand coal based power generation in near future. The region is all set for
sustained coal utilization in decades to come and coal is going to play an important role in poverty
elevation in the region. However, upcoming coal fired power plants in Pakistan, Bangladesh and

India will only accounts for ~10% of India’s coal utilization.

The role of clean coal technologies is significant in SAARC region as compared to other parts of
the world. This report provides an overview of existing clean coal technologies, their application

and potential in SAARC region.

1.1 Objectives of the Study:

The study has following major objectives:

1. To briefly describe existing clean coal technologies.
2. Highlight the existing clean coal technologies in operation in SAARC member states.

3. Outline the scope of clean coal technologies in SAARC region.
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1.2 Methodology Adopted in the Study:

The methodology adopted in the study is primarily the review of open literature available and

analyze the potential of clean coal technologies in SAARC region.

1.3 Limitations of the Study:

The main limitation of this study is availability of pertinent data and literature. Efforts have been

made to access all relevant literature.
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Chapter 2: Description of Clean Coal Power Generation Technologies

2.1 Power Generation from Coal:

Estimated coal reserves across the globe amount to 1 trillion tons that are sufficient to last about
150 years at current consumption levels. Geographical spread of coal (See Figure 1) and cheap
production cost makes it most suitable source of energy. Consequently, coal is the single largest
source of power generation around the globe providing nearly 40% of world’s electricity. Since
its development in late 18th Century, electricity generation from coal has been continuously

improving in terms of efficiency improvement, emission reduction and process control.
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Figure 2.1: Geographical Spread of Coal

However, the challenging goal of sustainable development requires provision of cheap, reliable
and environment friendly electricity. To achieve this goal, it is essential to develop high efficiency
coal fired power generation technologies with near-zero emissions. Geographical spread of coal,
mature industrial scale production & consumption technologies and low cost make coal

irreplaceable source of power generation in decades to come. Research and development efforts
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are focused on efficiency improvement, co-firing coal with biomass, and carbon capture and

sequestration to achieve the objectives of sustainable development.

Modern coal fired power generation plant is schematically represented in figure 2 below. Briefly,
heat is generated from combustion of powdered coal. The generated heat thus converts water
into steam at various temperature and pressure range. To minimize the emission of pollutants
from combustion 3 major systems are applied including NOx reduction system, Electrostatic
Precipitator (EP) and Flue Gas Desulfurization system. In addition to pulverized coal combustion,
two more systems are employed for coal combustion mainly on small to medium scale plants
including Fixed Bed Combustion System and Fluidized Bed Combustion System. Selection of
combustion systems depend upon coal properties, efficiency requirements and load of the power

plant.

Among the three widely used coal fired power generation technologies, fixed Bed Combustion is
least efficient technology due to limited gas solid contact. Fluidized Bed Combustion is the most
versatile technology for coal fired power generation which can utilize low quality coals, various
biomass species, waste fuels and coal-biomass mixtures. Another major advantage of fluidized
bed combustion is lower SOx emission owing to limestone injection within the combustion
process. However, large scale power plants employ pulverized coal combustion due to high
combustion temperatures and efficiencies. This technology is employed in up to 90% modern

coal fired power plants.
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Figure 2.2: Schematic Diagram of Electricity Generation from Coal

2.2 Fixed Bed Combustion:

Fixed Bed Combustion technology has been used in the early 19th Century for coal based power
generation. Initially, Fixed grate boilers were used for combustion, however, improvements in
coal feeding and ash removal systems led to the development of chain grate boilers. Fixed bed
boilers offered advantages like low particulate matter (PM) emission, ease of operation and use
of crushed coal instead of pulverized. However, these advantages are largely offset by
disadvantages like; high maintenance cost, in-efficient gas solid contact and inability to burn coals
with caking and low ash fusion temperature properties. Even though most of the chain grate
boilers have become obsolete from the developed countries, there are a number of small
capacity units being installed for captive power generation in developing countries like India and
Pakistan owing to smaller capital costs and easier operations. The tradeoff between cost saving
from higher efficiency with advanced coal based power generation technologies against chain
grate boilers with low efficiency is largely governed by coal prices. Since the coal prices have been
on the lower side for the last 10 years, small industries with requirement less than 20 MW often

favor cheap chain grate boilers.
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2.3 Fluidized Bed Combustion Technology:

Fluidized bed combustion (FBC) has good fuel flexibility and reduced emissions compared to
conventional stokers and pulverized coal combustion (PCC) boilers. It has been used to burn all
types of coals, coal wastes and a wide variety of other low-quality fuels such as biomass and
wastes, either singly or in conjunction with coal. In particular, it is suitable for those coals which

are difficult to mill and fire in conventional stokers and pulverized coal combustion boilers.

During the past decades, FBC technology has undergone considerable technological and
commercial developments towards improved performance and lower capital costs. It has found
a variety of applications ranging from small industrial boilers and furnaces to large power
generation units. FBC has now become the most widely applied clean coal technology after PCC
with flue gas desulphurisation (FGD). However, the technology currently operates at relatively
small sizes. CFBC boilers currently in operation have a maximum size of 300 MWe, while larger

units up to 460 MWe are under construction. At present, the technology represents only about

2% of the total coal-fired capacity worldwide. However, this percentage is expected to increase

with a wider spread of FBC within the next few decades.

Fluidised bed coal combustion differs from both conventional stokers and pulverised coal
combustion. It uses a continuous stream of air to create turbulence in a mixed bed of inert
material and coarse fuel ash particles. At suitable gas velocities, the particles remain suspended
and move about freely or become entrained in the gas stream. In this state they behave like a
fluid, in other words, the bed becomes fluidized. When fuel is added to a hot fluidized bed, the
constant mixing of particles encourages rapid heat transfer and good combustion. It also allows
a uniform temperature to be maintained within the combustion zone. Heat generated is
recovered by in-bed water tubes (with a BFBC boiler), waterwalls, superheater/reheater sections,
economizer and others. Flue gases leaving the combustion system are cleaned of solid and

gaseous pollutants and then discharged into the atmosphere.
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FBC offers a number of significant advantages over conventional pulverised coal combustion

systems, including:

1. The bed can be operated at temperatures typically 800—900°C (in some cases, as high as 950—
1000°C) above which ash may melt and form slag;

2. The scrubbing action of the moving particles on the immersed water tubes increases the rate
of heat transfer;

3. the bed has a substantial thermal capacity which allows a variety of fuels to be burned,
including low-quality fuels with a high ash or moisture content as well as mixed fuels;

4. NOx formation is reduced because the combustion takes place at relatively low temperatures
and the system offers opportunities for air staging;

5. Typically 90% of the SO2 released during combustion can be captured in the bed by adding

a suitable sorbent such as limestone or dolomite.

As noted above, FBC boilers can operate with quite different fuels. However, there are limitations
on the use of fuels outside the designed range. Operations with fuels outside the designed range
may deteriorate the boiler performances. There are also some disadvantages with FBC

technology:

1. Commercially proven only at relatively small scales compared with pulverised coal
combustion;

2. Relatively large amounts of solid residues generated (with sorbent addition), some of
which require special measures for disposal;

3. Higher carbon-in-ash levels than those from pulverised coal combustion;

4. Increased N20 formation (with coal/coke or similar fuels) due to the lower combustion

temperatures.

There are four different forms of FBC. In terms of the fluidising gas velocity, FBC can be divided
into two groups: bubbling fluidised bed combustion which takes place at low gas velocities; and
circulating fluidised bed combustion which occurs at higher gas velocities. In terms of operating

pressure, there are also pressurised bubbling fluidised bed combustion and pressurised
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circulating fluidised bed combustion. Accordingly, the four derivatives differ largely in their

designs although there are some common features.
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Figure 2.3: Bubbling fluidised bed combustion system
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2.4 Pulverized Coal Combustion:
Pulverized coal combustion currently most employed technology and the centerpiece of
advanced coal firing developments (Figure 2.5). Pulverized coal firing is a mature technology and

has been a subject of extensive research and development.

Briefly, coal is ground by crushing and milling operations so that 70-80% particles are less than
200 Mesh size. This pulverized coal is carried into the boiler by means of primary air. Once this
coal enters the combustion chamber rapid combustion takes place yielding temperatures in the
range of 1400-1700°C. Exothermic energy thus generated is captured initially through radiative
heat transfer in super heater of the boiler system. Heat transfer in the steam tubes occurs by
convective mechanism at lower temperatures. Flue gasses pass through the economizer around
300°C which functions to preheat the boiler water. Afterwards, flue gasses are carried into
primary air preheater at about 150°C. In a typical power plant, gas cleaning systems are employed
afterwards which include electrostatic precipitator to remove particulate matter and

desulfurization system which removes SOx from the flue gas.

RWE Power Vattenfall
Vapour to atmosphere Raw lignite Steam
Vapour electrostatic !
precipitator Dedusting
Vapour Vapour
Raw lignite l condeznser Vapoui compressor
A 8g -
St Dryer » Boiler 3 g
"I | Circulation feedwater =3
SN blower =
\/\/ Vapour Fluidising Fluidising
: condensate fan steam
Dry lignite J
@ after ‘ Vapour g Dy e
Dry lignite milling Dry lignite to heat
cooler exchanger v
Condensatg Condensate

Note: RWE Power’s WTA process shows one of several process variants being developed and tested.
Source: RWE, 2010; and Vattenfall, 2011b.

Figure 2.5: Schematic Diagram of Pulverized Coal Combustion System

Pulverized coal based power generation has been the key focus of development and several
technologies have been developed to improve the efficiency of power generation. Efficiency

improvement not only reduces the cost of power generation but also limits greenhouse gas

Page | 13



emissions. However, significant reductions in emissions can only be implementation of achieved
by carbon capture and sequestration technologies. Technological improvements in pulverized
coal combustion include deployment of supercritical, ultra-supercritical, advanced ultra-
supercritical and Integrated Gasification Combined Cycle (IGCC) Technologies which are briefly

discussed below (Table 2.1);

Table 2.1: Features for Current Available Technologies for Coal based Power Generation

Subcritical Below Critical upto38% USD 600/kW  >380 g/kWh >880¢g
Pressure of to USD CO2/kWh
water 1980/kW
22.1MPa
Supercritical 24.31 to up to 42%  USD 700/kW 340-380 800-880 g
26.52 MPa to USD g/kWh CO,/kWh
2310/kW
Ultra- Up to 620°C, upto45%  USD 800/kW 320-340 740-800 g
supercritical with 25 MPa to USD 2530/ g/kWh CO,/kWh
to 29 MPa kw
Advanced 700°C to 45-50% Alloy Under 290-320 670-740 g
Ultra- 760°C and Development g/kWh CO2/kWh
supercritical pressures of
30 MPa to 35
MPa
IGCC 1500°C 45-50% USsD 1 100/ 290-320 670-740 g
kW to USD g/kWh CO2/kWh
2860/kW
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CO, Intensity factor
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Figure 2.6: Effect of Steam Conditions in CO2 Emissions and Thermal efficiency of Pulverized Coal
combustion.

Increase in steam temperature increases the thermal efficiency of coal fired power plant.
Whereas subcritical plants only achieve efficiency up to 38%, super critical and ultra-supercritical
technologies can boost thermal efficiencies to 43 % and 46% respectively. Increasing thermal
efficiency reduces CO; emissions generated from above 1100g CO./kWh to nearly 800 g CO>/kWh
with ultra-supercritical technologies in place. This reduction in CO; emissions reduces the
guantity of CO; to be sequestered. Obviously, in order to achieve near zero emissions from coal

fired power plant, it is imperative to capture and store CO,.

The major problem for the implementation of ultra-supercritical and advanced ultra-supercritical
technologies is the development of materials capable of handling high steam temperatures and
pressures. Research and development is required to develop Ni-Based alloy to commercially

apply advanced ultra-supercritical technologies.
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Figure 2.7: Development Status of Materials for Advanced Ultra-Supercritical Steam Cycle

2.5 Integrated Gasification Combined Cycle

A simplified version of a coal-fueled IGCC cycle is shown in Figure 2.8. Like all combined cycles, it
employs gas and steam turbines but the fuel gas for the gas turbine is first prepared by
gasification of the coal followed by gas cleaning. Current gasification technologies and detail
principles of IGCC has been detailed elsewhere[1]. Gas cleaning is typically affected by water
scrubbing or dry removal of solids, followed by hydrolysis of COS to H,S, then scrubbing to
remove H2S. There are many possible configurations, because gasifier designs vary significantly
and IGCC has a large number of process areas that can use various technologies. The deep
cleaning needed to protect the gas turbine enables emissions of particulates and SO, to be very

low. Totally dry gas clean-up at elevated temperatures may eventually be applied, with

T OHPIPT
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| BN
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="

?
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advantages in efficiency, but is not currently available for commercial IGCC.
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Figure 2.8: Schematic Representation of Integrated Gasification Combined Cycle

There are three general types of gasifier: entrained bed, moving bed, and fluidised bed. IGCCs
have usually been based around entrained gasifiers because of their fuel flexibility, their
production of high pressure steam, and the lack of tars in the product gas. Entrained gasifiers
operate in slagging mode, and most are oxygen blown. Steam is also usually needed if the coal is
not fed as a water slurry. The oxygen production plant can take its compressed air supply from
the gas turbine compressor or from separate motor driven compressors or a combination of both
(partial integration). Higher degrees of integration favor higher thermal efficiency. Highly
integrated designs exhibit long start-up times, as individual process areas need to be brought on-
stream in correct sequence, and some flexibility is lost in comparison with less integrated, lower
efficiency designs. Partial integration is favored for future designs as it gives more rapid start-up
and greater operating flexibility, while maintaining the efficiency advantage of gas turbine air
extraction. Retention of integration of oxygen production also allows integration of nitrogen
supply arrangements for fuel gas dilution for NOx minimization and better use of available low-
grade heat. It also gives higher mass flow through the turbine, for better stability and

performance.

Other gasifier types are being promoted for IGCC, including the BGL moving bed system, the HTW
fluidised bed gasifier, HRL's IDGCC (Integrated Drying Gasification Combined Cycle) fluidised bed
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process and the Transport Gasifier. Moving bed gasifiers, while widely used for other applications
at present, are probably unlikely to move extensively into IGCC because of their high production
of tars. The fluidised beds are basically air-blown systems, EPIC’s moving bed gasifier is also air
blown and, unusually, MHI’s entrained gasifier is also air blown with a small degree of oxygen
enrichment. Air blowing avoids the cost of a large oxygen plant, and MHI and EPIC claim higher
efficiencies than for oxygen-blown IGCC, although such advantages remain to be demonstrated.
Net efficiency for the existing IGCC plants is up to 41%, HHV basis, on bituminous coals (43% LHV
basis), as obtained at NUON’s Shell Coal Gasification Process-based IGCC plant at Buggenum in

the Netherlands with a Siemens 2 Outline of IGCC.

2.6 Typical Clean Coal Technologies
Clean coal technologies comprise a set of techniques aimed to reduce the environmental burden
of coal usage. These technologies can be classified as pre-combustion, during combustion and

post combustion technologies and will be discussed below:

2.6.1 Pre-Combustion Clean Coal Technologies

Pre-combustion cleaning of coal provides significant benefits for coal utillization including:

e |ncreased coal reserves;
e Lower transportation costs;
e Improved utilization properties and
e Abatement of pollutants
o Sulfur Related Emissions
o Particulate Matter Emissions

o Hazardous Pollutant Emissions

Coal preparation technologies play a significant role in reducting the environmental burden
of coal. Sulfur occurs in coal as three distinct forms (sulfate, organic, and pyritic). Sulfate
sulfur is present in very small quantities and is not considered a serious problem. Organic

sulfur, which is part of the basic structure of coal, is not removable by conventional cleaning.
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The precombustion removal of organic sulfur is possible using chemical cleaning methods;
however, these elaborate processes are not economically competitive with flue gas
scrubbing. Pyritic sulfur is present as discrete inclusions of iron sulphides distributed within
the coal matrix. As such, this form of sulfur can be removed by physical cleaning processes
such as coal preparation. Coal preparation plants have been reported to remove up to 90
percent by weight of pyritic sulfur, although rejections are typically in the 30-70 percent
range because of liberation constraints. When compared to the postcombustion control of
sulfur, coal preparation offers several distinct advantages, including improved market
flexibility, lower scrubber loading, and concurrent removal of other impurities (e.g., ash, trace
elements, and moisture). Although coal preparation does not directly affect the nitrogen
content of coal, washing has been shown to help reduce Nox emissions by providing a
consistent high-quality fuel that provides for ease of control of the combustion environment.
Noncombustible impurities present in the feedstocks supplied to coal power stations
generate waste streams as either bottom ash/slag or fly ash. Of these, the finest particles of
fly ash emitted to the atmosphere are considered to be of greatest environmental concern
because of their potential adverse impact on human respiratory health. Power stations make
use of several types of effective control technologies to minimize fine particulate emissions.
These postcombustion technologies include efficient processes such as electrostatic
precipitators (ESPs), fabric filters (FFs), cyclones, and wet scrubbers. Modern control systems
typically achieve better than 99.5 percent removal of all particulates and exceed 99.99
percent in some cases. However, standards for particulate emissions continue to become
increasingly stringent as reflected in expanded regulations by the Environmental Protection
Agency (EPA) to include particles smaller than 2.5 microns in new ambient air quality
standards. As such, there is continued interest in removing greater amounts of particulates
upstream of other emission controls using coal preparation technologies. The separation
processes used in coal preparation plants remove noncombustible minerals that ultimately
affect the amount and type of particulate matter (PM) that passes downstream to emission
control systems. For these systems, proper levels of coal washing can be identified that

effectively reduce ash loading and improve removal efficiencies. A recent presentation by
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American Electric Power to the Asia Pacific Partnership concluded that “Consistent and
proper quality coal is best tool to improve plant operating performance and reduce PM and
S0O2 emissions. Removal of some of the coal ash (includes rocks) at the mine is more economic
than in the pulverizer, boiler, precipitator and scrubber.” Washing also minimizes the total
amount of high-surface-area fly ash that is more hazardous to dispose because of its high
reactivity. In cases where particulate controls are currently deemed adequate, greater use of
coal preparation may be required in the future to compensate for deterioration in feedstock

quality as higher-quality coal reserves become depleted.

Some of the most noteworthy hazardous pollutant elements preseat in coal are antimony,
arsenic, beryllium, cadmium, chlorine, chromium, cobalt, fluorine, lead, manganese, mercury,
nickel, selenium, and radionuclides. Concentrations of these elements are known to vary
considerably from seam to seam, and in some cases within the same seam During combustion at
electrical utilities, these elements may be released to the atmosphere as solid compounds with
the fly ash and in the vapor phase with the flue gas. Existing post-combustion control
technologies, such as electrostatic precipitators, can be reasonably effective in reducing the
concentration of trace elements associated with fly ash. These elements commonly include
antimony, beryllium, cadmium, cobalt, lead, and manganese. Capture efficiencies greater than
97 percent have been reported for electrostatic separators. On the other hand, trace elements
such as arsenic, chlorine, mercury, and selenium have the potential to volatilize and are less-
effectively controlled by postcombustion methods. Studies have shown that many of the
hazardous air pollutant precursors are associated with mineral matter commonly rejected by coal
preparation plants. This approach to trace HAP control is attractive, because the waste rock
rejected by coal preparation plants is coarser and has a lower reactivity than the high-surface-
area ash generated by power stations. In-plant sampling campaigns conducted by various
researchers suggest a good correlation between the rejection of mineral matter and the removal
of trace elements during physical cleaning. These findings are also supported by laboratory float-
sink tests performed using a variety of eastern coals. These data suggest that trace elements are
typically rejected at levels of 40 to 70 percent by weight using conventional preparation

technologies. These values appear to be in good agreement with earlier values reported by
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Fonseca et al. (1993), which showed an average trace element removal by conventional coal
preparation of approximately 64 percent for six different coals. On the other hand, the large
degree of variability observed in the data from these and other studies suggest that the rejections
of trace elements by coal preparation are very site specific and need to be quantified on a case

by case basis.

Mercury is the trace element in coal of greatest environmental concern. Mercury can be released
during coal combustion and subsequently deposited in the environment. Ecological studies have
shown that mercury bioaccumulates in the food chain as higher species consume lower life forms
exposed to mercury contamination. Data reported by US EPA indicate that coal-fired utilities are
currently the largest human-generated source of mercury releases in the United States. It is
estimated that these plants release approximately 48 tons annually. To curb these emissions, US
EPA issued the world’s first-ever rule to cap and reduce mercury emissions for coal-fired power
plants in March 2005. Compliance options available to utilities include postcombustion capture
of mercury by existing or new flue gas scrubbing technologies as well as precombustion control
of mercury by coal preparation and coal switching. A recent study by Quick et al. (2002) showed
that the mercury content of coal delivered to utilities (based on ICR data) was lower than that of

the inground coal resources in the United States (based on COALQUAL data).

Coal preparation involves a number of unit operations. As a matter of fact, the processing
happens to be complicated because of the heterogeneous nature of coal, which needs to be
addressed for making it acceptable after mining. Generally, the processing encompasses particle
sizing, cleaning and dewatering and all of these steps are repeated sequentially for maintaining

efficiency [2]. Figure 2.9 displays unit operations involved in sizing, cleaning and dewatering.
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Figure 2.9: Overview of Coal Processing

In United States, four dedicated and separate processing circuits are employed for treating a
range of particle sizes including, 1) greater than 10 mm, 2) between 1 and 10 mm, 3) between 1
and 0.15mm and less than 0.15mm, which may be regarded as coarse, small, fine and ultrafine,
respectively [2]. A typical pant manages the sorting of feed coal into narrow particle sizes with
the help of vibrating screens for coarser particles and for fine particles, classifying cyclones are
employed. Chain-and-Flight Dense Medium Vessel (DMV) is used for the cleaning of coarse
fractions, while Dense Medium Cyclones are specifically used for the upgrdation of smaller
fraction [2]. The basic mechanism behind the operation of these processes is the exploitation of
suspension for separation of coal from minerals on the basis of differences in particle densities.
The cleaning of fine fraction can be carried out using spirals, water-only cyclones or combination
of these may also be employed. The basic principle employed in water based processes is the

differences in particle sizes or shape of the particles and density [2].

The efficiency of each processing technology depends on particlualr coal size (Figure 2.10).
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Figure 2.10: Overview of Techniques with respect to Particle Size for Coal a) Sizing, b) Cleaning c)
Dewatering

Conventional density separators may not find application in the upgradation of ultrafine fractions
because of the low mass of the very small sized particles. For ultrafine particles, froth flotation is
generally used which works on the principle of differences in the surface wettability of organic
and inorganic fractions. However, in a number of cases, ultrafine fraction may be resized ahead
of flotation for the removal of particles which are under 40 microns or known as slimes and these
are supposed to be harmful for the flotation process and subsequent dewatering processes.
Lastly, the water employed in all processes is removed from the particles using a variety of
screens and centrifugal dryers (basket type). Sometimes, coal particles manage to retain higher

amount of moisture for which screen-bowl centrifuges or vacuum filters are used [2].

Particle Sizing: Mechanized mining operations produce a range of particle size including quite

fine coal in powder and hundred millimetres as coarser particles. After crushing of coal to an
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