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ABSTRACT

Coal continues to be the backbone of India’s energy sector, accounting for more than 55% of the
nation’s power generation. With increasing energy demand, declining availability of high- quality
seams, and growing concerns of safety and environmental impacts, modern mining technologies have
become essential in coal mining operations. This project report presents a comprehensive study on
advanced mining methods and technologies such as Longwall Mining, Continuous Miners, Surface
Miners, Highwall Mining, Automation, and Digital Technologies (loT, Al, Drones, and GIS).
Comparative evaluations are provided between conventional and modern methods with respect to
productivity, safety, environmental sustainability, and cost. The study highlights the necessity of
adopting these technologies in Indian coal mines and provides flow charts, diagrams, and data
analysis to substantiate their advantages. Case studies from India and abroad illustrate successful
implementation. The findings emphasize that modernization of coal mining is crucial to meet rising
energy demands, reduce environmental footprint, and improve operational efficiency, thereby
ensuring sustainable coal production in the future.

1. INTRODUCTION

Coal is the most abundant fossil fuel in India and plays a pivotal role in the country’s energy mix.
India ranks among the top three coal producers in the world, with Coal India Limited (CIL) alone
contributing more than 600 million tonnes annually. Despite its dominance, the Indian coal sector is
facing multiple challenges: declining productivity in underground mines, safety hazards,
environmental issues, and the need to bridge the demand—supply gap.

Traditionally, Indian coal mines relied on conventional methods such as Bord and Pillar mining with
manual loading. While these methods ensured employment generation, they limited productivity and
were associated with high accident rates. With increasing mechanization in global mining, Indian coal
mines have gradually shifted towards adopting modern technologies such as Longwall Mining,
Continuous Miners, and Surface Miners.

1.1 Role of Modern Mining Technology

Modern mining technology refers to the integration of advanced machinery, automation, real- time
monitoring, and environmentally friendly practices into coal mining operations. It not only enhances
safety and efficiency but also addresses critical issues such as:

e Reduction in manpower-intensive operations.

e Control of accidents and hazards in underground mining.

e Enhanced recovery of coal reserves from deep and complex seams.
e Lower environmental footprint through eco-friendly technologies.

e Optimization of operational costs through automation and digital tools.
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1.2 Present Status in India

e About 90% of underground coal production in India is still extracted through Bord and
Pillar mining.

e Continuous Miners are being introduced in several mines of CIL subsidiaries (SECL,
ECL, SCCL).

e Surface Miners are widely used in open-cast mines such as Neyveli Lignite and MCL
projects.

e Automation, loT-based sensors, and drones are in early adoption stages but show strong
potential for the future.

e Government initiatives like “Mission Coking Coal Production” and “Digitalization in
Mining” encourage modernization.

This study focuses on the exploration and analysis of modern mining technologies currently being
adopted in coal mines. It emphasizes their working principles, associated equipment, operational
flow, and the comparative benefits they offer over conventional mining methods. The project also
presents process diagrams and flow charts to provide a clear understanding of the functioning and
integration of these technologies within mining operations.

The research further evaluates the impact of advanced systems such as Longwall Mining, Continuous
Miners, Surface Miners, and Highwall Mining on productivity, safety, and environmental
sustainability. Additionally, it investigates the growing role of automation, the Internet of Things
(IoT), drones, and Artificial Intelligence (Al) in improving mine management, monitoring, and
efficiency.

Through comparative analysis, data interpretation, and case studies from both Indian and international
coal mines, the study highlights the challenges and opportunities associated with implementing these
technologies. Finally, it aims to recommend suitable and sustainable technological solutions to
enhance the performance and environmental responsibility of India’s coal mining sector.

2. MODERN MINING TECHNOLOGIES IN COAL MINING

Coal mining has witnessed a transformation in the last three decades with the adoption of modern
machinery, automation, and environmentally sustainable practices. These technologies not only
increase productivity but also address the challenges of declining reserves, complex geology, and
safety hazards. The following sections explain the most widely used modern mining technologies in
coal mines.

2.1 Longwall Mining Technology

Longwall mining is a highly mechanized underground mining method in which a long wall of coal is
mined in a single slice. It is considered one of the most productive underground mining methods and
is widely used in countries such as Australia, USA, and China (Figure 1).

» Working Principle

e A coal panel (150-300 m wide and 1000-3000 m long) is developed.

e Hydraulic-powered roof supports are installed along the face.

e A shearer or plow moves along the coal face, cutting coal and loading it onto an armored
face conveyor (AFC).

e Roof supports advance forward while the immediate roof behind is allowed to cave in a
controlled manner (goaf).
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Figure 1. Longwall Mining Layout

» Equipment Used
e Shearer or plow.
e Armored Face Conveyor (AFC).
e Powered Roof Supports (hydraulic shields).
e Stage loader and belt conveyor.
» Advantages
e Very high productivity (up to 10,000 tonnes/day).
e High recovery of coal reserves (>80%).
e Better safety due to reduced manual involvement.
» Limitations
e Requires large capital investment.
e Suitable only for thick, uniform coal seams.
e High risk if geological disturbances are present.
» Application in India
e Longwall mining attempted in Moonidih (BCCL), Adriyala (SCCL), and Rajendra (ECL).
e Mixed success due to complex geology, but modernization projects are underway.

2.2 Continuous Miner (CM) Technology
Continuous miners are highly efficient machines used in underground bord and pillar mines. They cut

and load coal continuously, replacing the conventional drilling and blasting method (Figure 2).

» Working Principle
e A rotating drum with tungsten carbide bits cuts coal from the face.
e Coal is loaded onto shuttle cars or conveyor belts for transportation.
e Remote-controlled operation ensures safety.
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Figure 2: Continuous Miner Working Cycle

» Advantages
e 3—4 times higher productivity than manual methods.
e Eliminates drilling and blasting.
e Safer and more environment-friendly.
» Limitations
e Requires strong roof conditions for safe operation.
e Dependent on shuttle cars and haulage systems.
» Application in India
e Widely adopted in SECL, ECL, and SCCL mines.
e Example: Jhanjra Mine (ECL) achieved record production using CMs.

2.3 Surface Miner Technology

Surface miners are cutting machines used in open-cast mines that extract coal without drilling and
blasting. They are eco-friendly and suitable for coal seams close to the surface.

» Working Principle
e A milling drum with cutting tools cuts coal directly from the seam.
e (oal is either loaded directly into dumpers or deposited on the ground.
e Eliminates drilling, blasting, and crushing.
» Advantages
e No drilling and blasting — reduces dust, noise, and vibration.
e Better selectivity of coal.
e Reduces overall operating cost.

> Limitations
e Effective only for soft to medium-hard rocks.
e High fuel consumption.
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» Application in India
e Neyveli Lignite Corporation (NLC) uses Surface Miners extensively.
e Mahanadi Coalfields Ltd. (MCL) and SECL also deploy large fleets.

2.4 Highwall Mining Technology

Highwall mining is a method of recovering coal from exposed seams at the highwall of open- cast
mines, where traditional methods are uneconomical (Figure 3).

» Working Principle
e A remote-controlled mining machine drives into the coal seam from the highwall.
e (Coal is mined and transported out via conveyors.
e System allows extraction of coal otherwise left unmined.

- o NP A,

Figure 3. Highwall Miner Layout

» Advantages
e Recovers additional 40-60% coal from abandoned open-cast mines.
e Safer as no personnel are inside the seam.
e Low operating cost compared to underground mining.

» Limitations
e Effective only for thin, horizontal seams.
e Risk of roof collapse if geology is unstable.

> Application in India
e Recently introduced in SECL and CCL projects.
e Potential to increase coal recovery from highwalls significantly.

2.5 Automation & Digital Technologies

Modern coal mining is not limited to machines alone but also involves digital transformation.
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» loT-based Mine Monitoring
e Sensors monitor gas levels, temperature, dust, and machinery performance.
e Data transmitted to control rooms in real-time.
e Prevents accidents like gas explosions.

» Artificial Intelligence & Machine Learning
e Used for predictive maintenance of machinery.
e Helps optimize equipment utilization.
e Al algorithms can predict roof falls or detect anomalies.

» Drone Technology
e Deployed for mine surveying, volumetric measurement, and monitoring.
e Faster and safer than traditional methods.
e Reduces manpower requirements.

» GIS & Remote Sensing
e Useful in mine planning and reclamation.
e Helps in environmental impact assessment.

» Application in India
e CIL introduced drones for surveying overburden dumps.

3. NECESSITY OF MODERN MINING TECHNOLOGIES

Coal mining is one of the oldest industrial activities in India. However, the sector continues
to face challenges related to productivity, safety, environmental compliance, and
technological obsolescence. The adoption of modern mining technologies is not just
desirable but necessary to sustain coal production in the long run.

3.1 Growing Energy Demand
> India’s electricity demand is projected to reach 1.5 billion tonnes of coal equivalent by
2030.
> To bridge the supply-demand gap, higher productivity per mine is required.
> Conventional methods are unable to achieve such large-scale production.

3.2 Safety Concerns in Mines

> Indian underground coal mines still report accidents due to roof falls, gas explosions,
and machinery mishandling.

> Manual methods involve a higher risk of accidents.

> Technologies like Longwall, Continuous Miner, and loT-based monitoring reduce human
exposure to hazards.

3.3 Environmental Obligations
> Mining contributes to dust, noise, vibration, and land degradation.
> Surface Miners eliminate drilling and blasting, reducing noise and dust emissions.
> Automation and Al systems improve dust suppression and water management.
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> Compliance with MoEF & CC guidelines requires advanced pollution-control technology.

3.4 Resource Optimization
> Many underground mines in India have low productivity (<1 tonne per man-shift).
> Longwall and Continuous Miner systems enhance recovery rates from 40-50% to 70—

80%.
> Highwall mining extracts residual coal left in open-cast mines, reducing resource wastage.

3.5 Economic Competitiveness
> Coal imports are increasing due to domestic production bottlenecks.

> Adoption of modern mining reduces cost per tonne and increases competitiveness.
> Example: Longwall mining reduces manpower costs drastically compared to Bord and
Pillar mining.

3.6 Global Competitiveness
> Countries like Australia, USA, and China already operate fully automated longwall mines.

> To match global benchmarks, Indian mines must adopt similar technologies.

3.7 Digital Transformation
> Digital technologies such as [oT, drones, GIS, and Al help in decision-making and

predictive analysis.
> Data-driven mining is becoming a global standard.

Table 1. Productivity Comparison

Minig Mthod | AVerszeDalyProduction | Mamponer || Keeowrs
(g;’;ifnggﬁ) 1,200 — 1,500 High 4050
Co“tin(uc";/ls)Miner 4,000 — 5,000 Medium 60 — 70
Longwall Mining 8,000 — 12,000 Low 75 -85
Surface Miner 5,000 — 7,000 Low 60—70
Highwall Miner 2,500 — 4,000 Low 40 - 60

Analysis: From Table 1, it shows the longwall Mining achieves the highest productivity and
recovery, while Continuous Miners strike a balance between cost, productivity, and

adaptability.
Table 2. Safety Performance
Technology Accident Risk Level Safety Features
Bord& Pillar  |High (roof falls, gas explosions Manual involvement, no automation
Continuous Miner Moderate Remote operation, roof bolting
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Longwall Mining Low Hydraulic supports, minimal manual
presence

Surface Miner Very Low Open-cast, no underground exposure

Highwall Miner Low Remote operation, no underground
presence

Analysis: From the Table 2, the Accident rates
technologies are deployed, especially Continuous Miners and Longwall systems.

reduce

Table 3. Cost Comparison

Method Cost per Tonne (I/tonne) Remarks
Bord& Pillar 850 - 950 High labor cost, low recovery
Continuous Miner 700 — 750 Balanced economics
Longwall Mining 650 — 700 Economical at large scale
Surface Miner 750 — 800 Eliminates drilling/blasting costs
Highwall Miner 700 — 750 Low cost for final recovery

Analysis: From the Table 3, it shows the longwall Mining is the most economical at high-
production scale, while Surface and Highwall Miners are cost-effective in specific applications.

Table 4. Summary of Comparative Performance

Criteria Best Performing Technology
Productivity Longwall Mining
Safety Surface Miner / Highwall Miner
Cost Efficiency Longwall Mining
Environmental Impact Surface Miner / Highwall Miner

4.1 Continuous Miner at Jhanjra Mine (ECL, West Bengal)

- =

+

Jhanjra underground mine adopted Continuous Miner (CM) technology.
Production increased from 1,500 tonnes/day to 5,000 tonnes/day.
Improved safety with remote operation and reduced manual exposure.
Demonstrated feasibility of replacing Bord& Pillar with CM.

4.2 Longwall Mining at Adriyala (SCCL, Telangana)

+ AdriyalaLongwall Project commissioned with state-of-the-art equipment.
4+ Daily production reached 10,000 tonnes, making it one of India’s most successful longwall
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operations.

Challenges included high capital cost and complex geology.
Provided roadmap for future longwall adoption in Indian coalfields.

4.3 Surface Miner at Neyveli Lignite Corporation (Tamil Nadu)

+
+
+
+

NLC pioneered the use of Surface Miners in India.
Elimination of blasting improved environmental performance.
Achieved selective mining of lignite with minimal dilution.

Enhanced acceptance among local communities due to reduced vibration and dust.

4.4 Highwall Mining at SECL (Chhattisgarh)

- = = ¥

Introduced to recover coal left in highwalls after opencast operations.
Recovery of 1.5 million tonnes of residual coal.

Low manpower and safe remote-controlled operation.

Opened opportunities for extending mine life.

4.5 Lessons Learned from Case Studies

4.

India has made progress with Continuous Miner, Surface Miner, and Longwall
technologies but adoption is uneven.
International examples show the potential of fully automated, large-scale mining operations.

Modern technologies are proven to be cost-effective, safer, and eco-friendly when implemented
with proper planning and training.
The key to success lies in integration of machinery with digital technologies (IoT, Al, Drones).

5. CONCLUSION

The study of modern mining technologies used in coal mines reveals that mechanization, automation,
and digitalization have revolutionized the coal industry globally. Compared to conventional methods,
these advancements have led to remarkable improvements in productivity, safety, cost-efficiency,
and environmental sustainability.

Key conclusions drawn from this study are:

1. Longwall Mining is the most productive and economical underground mining method for large-

scale operations, achieving coal recovery rates exceeding 80%.

2. Continuous Miner Technology has proven highly effective in bord and pillar workings, offering a

safer, faster, and more efficient alternative to conventional drilling and blasting.

3. Surface Miners eliminate the need for blasting, thereby reducing dust, noise, and vibration levels.

Their eco-friendly operation makes them ideal for opencast coal and lignite mining.

4. Highwall Mining offers an innovative solution to extract coal left in highwalls, thereby extending

the operational life of opencast mines.

5. Automation, IoT, Artificial Intelligence (Al), Drones, and GIS have transformed mine

monitoring, planning, and safety management. These technologies support predictive
maintenance, accident prevention, and environmental monitoring, enhancing both efficiency and
safety.
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6. Case studies from India indicate a gradual yet steady adoption of these technologies by major
companies such as CIL, SCCL, SECL, and NLC, while international examples demonstrate the
success of fully automated and digital mining systems.
7. The adoption of modern technologies is driven by factors such as increasing energy demand,
stricter safety regulations, resource optimization, environmental compliance, and the need to
remain globally competitive.

Final Remark: The modernization of India’s coal mining industry is no longer a choice—it is a
strategic necessity. Investments in advanced machinery, automation, and workforce training are
essential to achieve sustainable and safe coal production. The integration of digital technologies with
mechanization represents the future of coal mining in India, ensuring that the sector remains
productive, competitive, and environmentally responsible in the evolving global energy landscape.
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