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Abstract

Coal and lignite, essential to worldwide energy production, cause emissions and ash management issues. Coal/lignite
beneficiation is promising for economic and environmental advantages. This literature review and empirical study examines
its effects on emissions reduction, pollution management, and ash handling efficiency. The sustainable solution research
assesses emissions reduction methods and reveals hidden benefits like ecological benefits. The findings support coal/lignite
beneficiation in energy production and inform policymakers, energy producers, and environmental stakeholders. This study
discusses contemporary beneficiation technologies, including RAMDARS, and suggests a promising energy future. Combining
detailed research and a case study shows the industry's revolutionary potential. A bright perspective beyond technological
development emphasizes the sector's preparedness to contribute significantly to a sustainable energy future through continual

innovation, cooperation, and RAMDARS integration.
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Technology

1.0 Introduction

The increasing need for energy due to growing
industrialization and urbanization has brought fossil
fuels, particularly coal and lignite, to the forefront as the
main sources of power generation'?. Although crucial in
driving economic expansion, these resources also provide
significant hurdles to environmental sustainability. The
substantial carbon dioxide emissions, along with the
discharge of pollutants and the many intricacies related
to ash management, need a fundamental change in our
approach to the use of fossil fuels**.

1.1 Global Energy Dynamics and Fossil Fuel
Predicament

A brief examination of the present state of global energy

*Author for correspondence

dynamics reveals a complex network in which fossil
fuels, such as coal and lignite, provide the fundamental
basis of energy security. As countries seek to fulfil their
energy needs, a dilemma arises - how to balance the
need for continued economic growth with the increasing
environmental damage caused by traditional energy
sources®”’.

1.2 Environmental Challenges

The burning of fossil fuels is the primary cause of artificial
carbon dioxide (CO,) emissions into the atmosphere".
In addition to the extensively recorded carbon dioxide
emissions, focusis placed on the range of contaminants that
are emitted during combustion, highlighting the urgent
need for action'"'2. The intricate interaction of several
elements that contribute to environmental degradation
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creates the foundation for further investigation into coal/
lignite beneficiation as a feasible technique for reducing
its impact®.

1.3 The Rationale for Coal/Lignite
Beneficiation

This sub-section serves as a link between the difficulties
and solutions, offering a justification for the emphasis
on coal/lignite beneficiation. It emphasizes the need for
a thorough strategy that not only reduces environmental
harm but also connects strategically with economic
goals'*'¢. The scholarly discussion about the benefits of
beneficiation is presented, establishing the basis for the
ensuing review of the literature.

The introduction situates the research within
the wider framework of global energy dynamics,
environmental difficulties, and the strategic justification
for studying coal/lignite beneficiation. This intricate
framework establishes the foundation for a methodical
investigation into the scholarly foundations of the study
subject.

1.4 Beneficiation Techniques for Coal and
Lignite

A variety of beneficiation processes have arisen in order
to pursue sustainable energy solutions and address
the environmental issues related to the use of coal and
lignite'”?. These approaches are specifically developed
to optimize the quality of coal and lignite, decrease
emissions, boost combustion efficiency, and minimize the
environmental footprint. This section examines several
beneficiation processes and then presents a comprehensive
comparison with the Radiometric Mass Determination
cum Automatic Removal (RAMDARS) beneficiation
approach, emphasizing its distinct characteristics and
benefits.

1.4.1 Physical Beneficiation

Physical beneficiation procedures encompass the
segregation of coal and lignite according to their
physical attributes, including density, size, and form.
The techniques encompassed in this category are jigging,
heavy media separation, and air classification. Jigging
and heavy media separations are two methods used
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to separate coal from impurities based on variations in
density. Jigging depends on these density differences,
whereas heavy media separation involves the use of
a dense medium, usually a suspension of magnetite,
to achieve the separation. The efficacy of physical
beneficiation technologies in eliminating impurities and
enhancing coal quality is well-established.

1.4.2 Chemical Beneficiation

Chemical beneficiation procedures alter the chemical
makeup of coal or lignite in order to decrease impurities
and enhance combustion qualities. Coal washing is a
prevalent chemical beneficiation technique that entails the
use of chemicals to remove Sulphur and ash from coal'
0. Another instance is the use of chemicals to diminish
emissions throughout the process of combustion.
Chemical beneficiation techniques are efficient in
lowering the emission of pollutants and improving the
energy content of coal/lignite.

1.4.3 Biological Beneficiation

Biological beneficiation is a nascent discipline that
employs microorganisms to decompose and eliminate
contaminants from coal and lignite. Although still in the
experimental phase, this process shows potential due to
its environmentally benign method of purifying coal/
lignite. Biological techniques have the capacity to decrease
pollutant discharges and mitigate the environmental
impact linked to conventional beneficiation procedures?'.

1.4.4 Thermal Beneficiation

Thermal beneficiation procedures entail the utilization
of heat to eliminate volatile components and impurities
from coal or lignite. The processes encompass fluidized
bed combustion and pyrolysis. Fluidized bed combustion
utilizes a bed composed of sand or ash to facilitate heat
transmission, resulting in efficient combustion and
less emissions. Thermal beneficiation techniques are
recognized for their capacity to improve the efficiency of
combustion and decrease emissions' 2.

1.4.5 RAMDARS Beneficiation Technique

The RAMDARS beneficiation technology is an advanced
and novel method that integrates radiometric mass
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determination with automated impurity removal™.
RAMDARS utilizes cutting-edge sensors and image
technologies to accurately ascertain the exact
composition of coal or lignite in real-time. Subsequently,
it autonomously eliminates contaminants by using the
results of this analysis, therefore guaranteeing that the
end product adheres to the necessary quality criteria.
Upon comparing the different
procedures with RAMDARS, it becomes apparent that
RAMDARS presents several distinct benefits:
Analysis: RAMDARS  offers
instantaneous data, enabling prompt modification
and precise optimization of the beneficiation
process. This differs from several conventional
approaches that depend on intermittent sampling

beneficiation

o Real-Time

and analysis, which might result in fluctuations in
the quality of the output.

o Automation: = RAMDARS s
automated, minimizing the requirement for
manual involvement and mitigating human
mistakes. Conventional approaches may need
significant manual work and supervision.

o Precision: Radiometric mass determination in

extensively

RAMDARS guarantees a high level of accuracy
when evaluating the composition of coal or
lignite. Conventional techniques may be prone to
measuring errors.

o Reduced Waste: RAMDARS effectively minimizes
waste by the selective removal of contaminants.
Conventional beneficiation methods can produce
a substantial quantity of waste material.

o Environmental Benefits: RAMDARS aids in the
reduction of emissions and pollution discharges
by generating a cleaner and superior product. This
is consistent with the overarching objectives of
environmental conservation.

Opverall, although there exist several well-established
methods for enhancing the quality of coal and lignite,
the Radiometric Mass Determination cum Automatic
Removal (RAMDARS) methodology emerges as a very
promising and innovative strategy that provides superior
accuracy, automation, and environmental advantages® .
The real-time analysis and automated impurity removal of
this technology make it a compelling option for coal and
lignite beneficiation. This aligns with the worldwide focus
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on producing cleaner energy and being environmentally
responsible.

2.0 Case Study: Khadsaliya
Lignite Mines - GHCL Limited

The Khadsaliya Lignite Mines, run by GHCL Limited,
are a prominent private sector endeavour in the field of
lignite mining, making a substantial contribution to the
energy industry in Gujarat. The Khadsaliya Lignite Mines,
situated in the Bhavnagar district of Gujarat, exemplify
the effective and conscientious exploitation of lignite?.
This case study provides a comprehensive analysis of
the historical background, operational components, and
environmental factors associated with this significant
mining operation.

2.1 Historical Context

GHCL Limited achieved a significant milestone by being
the first privately owned firm in Gujarat to get its own
lignite opencast mining block. The company secured a
sizable lease area of 171 hectares in Khadsaliya village.
The lease, which was issued on October 12, 2002, was
a significant turning point for the company’s entry into
lignite mining. The enterprise commenced in 2004 with
the mining and transportation of lignite.

2.2 Mining Operations

The Khadsaliya Lignite Mine functions as a standard
open-pit mine, utilising the dumper and shovel
combination technique. The mining activities began only
after acquiring the necessary permissions and clearances
from regulatory organizations, such as the Mining Plan
and Environment Management Plan (EMP). The project
was approved by both the State and Central Governments,
guaranteeing compliance with all environmental and
safety regulations.

2.3 Operational Approach

The authorized mining strategy centre is on the use of two
excavations, namely the South pit and North pit, which
are determined by geological and mining factors as well
as economic feasibility. The mining activities conducted
at Khadsaliya Lignite Mines are under the supervision
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of the Director General of Mines Safety, Ahmedabad
Region, which operates under the authority of the
Government of India. In addition, the project is subject to
frequent supervision by institutions such as The Gujarat
Pollution Control Board, The Ministry of Environment
and Forest, and other Government regulatory authorities.
GHCL Limited is registered with the Mining Engineers
Association of India (MEAI), demonstrating its dedication
to upholding the most rigorous industry norms.

2.4 Pyrite Separation Plant - Advancements
in the Processing of Lignite for
Improved Quality

The Khadsaliya Lignite Mines stand out due to the
implementation of Indias pioneering Dry Lignite
Beneficiation Pyrite Separation Plant. This technical
marvel is built upon the state-of-the-art RAMDARS
technology®%. This plant primarily serves to automatically
separate pyrite from lignite, ensuring that only clean
lignite is sent to the stockyard. GHCLs commitment to
environmental responsibility is demonstrated in this
innovation, which aims to enhance the quality of the
extracted lignite.

2.5 Geological Reserves and Sustainability

The Khadsaliya Lignite mining has a geological reserve
of 7.8 million tonnes, with an extractable reserve of 6.82
million tonnes, as stated in the approved mining plan by
the Ministry of Coal, Government of India. In the fiscal
year 2017-18, the mining activities are projected to extract
2.66 million tonnes of lignite, resulting in a remaining
reserve of 4.16 million tonnes. This prudent strategy
guarantees the durability of the mine, with a projected
duration of around 11 years.

3.0 Comparative Analysis of the
RAMDARS System

A systematic evaluation of coal/lignite beneficiation

methodologies reveals a diverse landscape. Physical,
chemical, biological, and thermal techniques exhibit
varying strengths and weaknesses”**. The comparative
analysis highlights the potential of RAMDARS technology;,
showcasing its advantages in real-time analysis and
automated impurity removal.
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Figure 1. RAMDARS machine operating in Khadsaliya
Lignite (GHCL) mines.

The present study focuses on examining the advanced
technical components of two GHCL plant modules in the
field of lignite beneficiation. These modules are equipped
with Radiometric Mass Determination cum Automatic
Removal System (RAMDARS) units as shown in
Figure 1.

Module 1 is designed primarily for the segregation
of stone/shale measuring 100-200 mm, and Module
2 is dedicated to the 50-100 mm range. The technical
infrastructure of each module is carefully crafted to
maximize the efficiency of lignite beneficiation operations.
Scintillation detectors utilize scintillating materials such
as sodium or cesium iodide to produce light when they
come into contact with gamma radiation emitted by the
Cs-137 source. The main source of radiation is Cs-137,
which is a radioactive isotope of cesium that emits
gamma rays. To protect scintillation detectors and other
components from Cs-137 gamma radiation, a carefully
designed container made of lead or radiation-blocking
compounds is used. The NI Controller serves as the
primary nervous system of the modules, responsible
for controlling and monitoring operations. It manages
connections to important components such as solenoid
valves, relay boards, and signal conditioning cards.
Solenoid valves play a vital role in controlling the water
flow to the vibrating screen and crusher and are essential
for efficient material separation. Relay boards, in turn,
regulate the delivery of electricity to these components.
The +/- 15V DC Power Pack provides a consistent power
source for signal conditioning cards and other devices,

Journal of Mines, Metals and Fuels



Dhananjay Kumar, Kulshresth Singh and Sudipta Mukhopadhyay

RAMDARS TECHMNOLOGY
PLANT SCHEMATIC

DETECTOH

w IWALATION LT

AR S
TR

CaL. TRANSIONT

BELT

Figure 2. The schematic outline diagram of working RAMDARS machine.

hence assuring the dependability of the entire system.
Signal Conditioning Cards are essential components
that perform the crucial task of preparing signals from
sensors and scintillation detectors. This comprises
amplifying, filtering, and converting the signals into a
digital format, so that they may be easily integrated with
the NI controller. The high-frequency vibrating screen
efficiently separates crushed material into different
sizes. The sizing vibrating crusher operates at a high
frequency and effectively smashes material before the
screening process. The combination of these elements
creates a complex and finely crafted lignite beneficiation
system, showcasing the crucial technological progress
required for academic research and contributing
to the current discussion on sustainable energy
generation.

Figure 2 is a schematic picture that outlines the
RAMDARS technology used in GHCL Lignite Mines.
This diagram illustrates many essential elements, such
as a storage facility for coal or lignite, a conveyor belt for
transporting the material to the RAMDARS system, and
a separating divider chute that separates the material into
several streams.

Figure 3 illustrates the flowchart depicting the clean
lignite process employing RAMDARS technique, which
outlines the following steps:

 Lignite undergoes screening via a fixed grizzly to

eliminate oversized material.
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o Material below 100 mm is directed to a separate
screen, dividing it into two streams: One exceeding
50 mm and the other below 50 mm.

o Material exceeding 50 mm undergoes RAMDARS
technology, utilizing radiometric detection to
pinpoint foreign materials like pyrites within the
lignite. Upon detection, the RAMDARS system
triggers an air surge tank to expel the foreign
material from the stream.

o The clean lignite, devoid of any foreign substances,
is subsequently channelled to a clean lignite
bunker for further processing or transportation.

4.0 Future Directions and
Recommendations

When examining the future of coal/lignite beneficiation,
the prospects are undeniably positive, particularly due to
the transformational influence of RAMDARS technology.
The sector is expected to achieve unprecedented
sustainability =~ and efficiency  through  strategic
orientations and favourable suggestions®*. Priority
is given to optimizing RAMDARS, with continuous
work focused on refining its capabilities for real-time
analysis and automatic impurity removal. Comparative
assessments highlight the higher efficiency, accuracy, and
environmental advantages of RAMDARS over traditional
approaches, providing strong encouragement. In addition,

promoting the smooth incorporation of RAMDARS into
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technique.

current systems guarantees a smooth shift towards more
environmentally friendly procedures, as demonstrated
by successful instances like its implementation at
GHCL Lignite Mines. Uninterrupted advancement and
cooperation are identified as fundamental principles for
the future, motivating academics and industry specialists
to collaborate closely, and expanding the possibilities of
RAMDARS and its utilization in lignite beneficiation.
Through promoting the exchange of knowledge and
implementing activities to encourage widespread use, the
beneficial qualities of RAMDARS will have a significant
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Flowchart diagram of Clean Lignite process through RAMDARS

impact on discussions and publications, ultimately
guiding the way towards a more environmentally friendly
and sustainable energy environment.

4.0 Conclusions

To summarize, the thorough investigation of modern coal/
lignite beneficiation technologies, with a specific focus
on the groundbreaking RAMDARS system, indicates
a positive path for the future of energy generation. The
combination of knowledge obtained from broad research
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and the illustrative case study of Khadsaliya Lignite Mines
highlights the industry’s ability to bring about significant
change. RAMDARS stands out as a symbol of efficiency
and environmental responsibility due to its ability to
analyze in real-time and automatically remove impurities.
The comparative analysis highlights the favourable
characteristics of the lignite beneficiation approaches,
presenting a significant change in the prevailing approach.
As we plan for the future, experts suggest that continual
innovation, collaborative efforts, and the incorporation
of RAMDARS into mainstream practices are essential.
The positive outlook is based not just on technical
progress but also on the need for specific policies, active
involvement of communities, and a shared dedication to
achieving a balance between economic development and
environmental protection. The coal/lignite beneficiation
sector is ready to make a substantial contribution to a
sustainable energy future, by balancing progress with
environmental responsibility. The pursuit of sustainable
energy has recently started, and with the implementation
of appropriate strategies and technology, the sector is on
the verge of a revolutionary period.
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