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ABSTRACT 
Highwall Mining (HWM) technology is emerging as a pivotal solution for maximizing coal resource recovery 
within the complex and evolving landscape of the Indian mining sector. This paper provides a concise overview 
of the current status, applicability, and strategic significance of HWM in India, particularly addressing the 
challenges of accessing remnant coal reserves in opencast mine highwalls and re-mining previously uneconomic 
underground workings. HWM, characterized by its remote-controlled, continuous excavation systems, offers 
distinct advantages including enhanced coal recovery from otherwise stranded or constrained reserves (e.g., those 
beneath surface infrastructure), significant improvements in operational safety by removing personnel from the 
active mining face, and often superior economic viability compared to conventional methods for specific niche 
applications. Case studies, such as the Narayankuri Highwall Project, demonstrate its technical feasibility and 
economic potential in managing specific seam characteristics and geotechnical conditions. Despite these 
challenges, HWM's ability to unlock substantial unmined coal, reduce surface disturbance, and align with India's 
energy security goals positions it as a critical technology for sustainable and efficient coal production. Continued 
research, tailored technological adaptations, and supportive regulatory frameworks are essential for fully realizing 
its immense potential within the diverse Indian coalfields. 
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I. INTRODUCTION 
Coal remains an indispensable pillar of India's energy 
security, fueling a significant portion of its power 
generation and industrial growth. However, the nation's 
extensive coal reserves are increasingly challenging to 
extract efficiently and economically using traditional 
mining methods. Factors such as The depletion of 
easily accessible surface deposits, the deepening of 
opencast mines, the legacy of extensive underground 
workings often abandoned due to diminishing 
economic viability, and stringent environmental and 
social regulations pose significant constraints on 
conventional mining expansion. Addressing these 
multifaceted challenges necessitates the exploration 

and adoption of advanced, innovative mining 
technologies that promise higher resource recovery, 
enhanced safety, and reduced environmental 
footprints. 
 
Among such advancements, Highwall Mining (HWM) 
technology has emerged as a particularly promising 
solution for unlocking otherwise inaccessible or 
economically unviable coal reserves in the Indian 
context. HWM is a highly mechanized, remotely 
controlled mining method designed to recover coal 
from the exposed highwalls of opencast mines, 
extending extraction beyond the economic or physical 
limits of traditional surface mining. Furthermore, it 
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offers a strategic avenue for reclaiming valuable coal 
from areas overlying or adjacent to previously 
operated, and often uneconomic, underground bord and 
pillar workings that have been subsequently converted 
into opencast operations. HWM offers a compelling 
blend of operational efficiency, improved safety, and 
environmental stewardship by eliminating the need for 
manned entry into the mine workings and minimizing 
additional surface disturbance. 
  

 
Fig. 1 Highwall Miner 

II. A. CURRENTLY OPERATIONAL 
HIGHWALL MINES IN INDIA 
Table-I incorporates the major highwall mining 
projects currently operated in India, along with 
pertinent  information  regarding  its  operator, 
  
location, and recent production figures. Highwall 
mining is a remotely operated coal mining technique 
used to extract coal from the highwall of an opencast 
mine when it becomes uneconomical or unsafe to 
extend operations further using conventional open-cut 
or underground methods. This technique bridges the 
gap between opencast and underground mining and is 
ideal for extracting thin or steeply dipping coal seams 
left behind in open-pit highwalls. In India, highwall 
mining is still at a developing stage but has gained 
attention due to its potential to improve coal recovery 
and extend mine life.  
TABLE I 

Mine / Project 
Name 

Location Operator 
/ 
Company 

Start 
Year 

Annual 
Production 
in Tonnes 
(2023-24) 

Notes 

Sharda Highwall 
Project 

Sohagpur (MP) SECL 2011 800,000 Extraction from thin seams 
(0.9-1.5m); flagship project; 
production ongoing 

Nimcha Colliery West Bengal ECL 2023 500, 000 First ECL highwall project; 
commissioned in 2023; 
supports increased output 
not published 

Ghati Colliery Jharkhand Tata steel NA Data not 
specified 

Active highwall mining; 
specific annual output not 
published 

Amlo Mines 
(AADOCM) 

Dhori 
Area, 
Kharkhand 

CCL 2024 300,000 (First 
year)` 

Production to ramp up to 
500,000 T/Year, 1.3 MT 
over 3 years 

Narayankuri 
highwall project 

Padchim 
Badhaman, (WB) 

ECL 2023 400,00-
450,000 

Located at Mahavir (R) 
colliery, kunustoria area; 
new project, recent 
operationalization 

  
II.B. EMERGENCE AND DRIVERS IN INDIA 
Coal is dominant resource for power generation i.e. 
about 70% in India. However, with increasing stripping 
ratios and environmental concerns, many opencast coal 
mines are facing early closures, leaving behind 
significant quantities of coal in highwalls. Recognizing 
this, Indian coal companies began exploring highwall 
mining to recover these trapped resources safely and 
efficiently. 
The adoption of highwall mining was first established 
successfully in India in the early 2010s.South Eastern 
Coalfields Limited (SECL), a subsidiary of Coal India 
Limited (CIL), pioneered this approach at the Sharda 
Opencast Mine in Chirimiri Area, Chhattisgarh. This 

was followed by further adoption by the Singareni 
Collieries 
  
Company Limited (SCCL) at the Ramagundam region 
in Telangana. 
II. C.APPLICABILITY CONDITION 
The effective and economically viable deployment of 
Highwall Mining (HWM) technology is rigorously 
predicated upon a specific confluence of geological, 
geotechnical, and operational conditions. These 
stringent applicability criteria are meticulously 
assessed during comprehensive feasibility studies to 
ensure both the safety of operations and the 
maximization of resource recovery, thereby justifying 
the significant capital investment associated with 
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HWM units.A primary and non-negotiable prerequisite 
for HWM is the inherent stability and competency of 
the exposed highwall face from which mining 
operations are  
conducted. This necessitates a thorough geotechnical 
evaluation, encompassing rock mass classification, 
structural analysis of discontinuities such as joints and 
faults, and the assessment of groundwater 
conditions.such as ongoing slumping, tension cracks, 
or recent rockfalls, which could compromise the safety 
of HWM Method. Furthermore, a sufficiently wide and 
stable working bench or berm must exist at the 
highwall's toe to safely accommodate the HWM 
system and facilitate efficient material handling. The 
geometrical and material characteristics of the target 
coal seam are also important in addition to the overall 
highwall stability. For efficient cutting by the miner's 
head without excessive multi-pass operations or 
unproductive cutting of partings it is recommended that 
HWM is suitable for coal seams with a consistent 
thickness, typically ranging from approximately 1.5 
meters to 5 meters. The seam's inclination (dip) is 
another critical factor; ideal conditions involve flat to 
gently dipping seams, usually within a range of 0° to 
10-15°. Steeper dips can introduce significant 
operational complexities, affecting the miner's 
stability, material conveyance efficiency, and the 
precision required for accurate steering within the 
seam. Crucially, the seam must exhibit reasonable 
geological continuity, meaning a minimal presence of 
major structural disturbances like large faults, dykes, 
sills, or washouts. Encountering such barren intrusions 
necessitates frequent retraction and repositioning of the 
miner, leading to substantial non-productive time, 
increased operational costs, and potential sterilization 
of reserves. The strength of the coal along the 
immediate roof and floor strata, must be taken into 
account to ensure the stability of the web pillars and the 
integrity of the boreholes over their operational 
lifespan. Weak coal necessitates wider pillars, directly 
impacting recovery rates, while unstable roof or soft 
floor conditions can lead to caving or equipment 
bogging. 
  
 
 

 
Fig. 2 surface and highall mining 
From an economic and strategic perspective, HWM 
gains its most significant advantage when applied to 
otherwise unmineable or economically challenging 
coal reserves. This primarily includes coal located at 
the final limits of opencast pits, referred to as 'fringe' or 
'barrier' coal, which often lies beyond the 
economicstripping ratio for further surface excavation. 
HWM is also exceptionally applicable for accessing 
reserves situated beneath critical surface infrastructure 
(e.g., roads, railways, populated areas), where 
conventional opencast methods are prohibited due to 
environmental, social, or regulatory constraints. The 
economic life of existing mines & for maximizing 
resource recovery can be achieved with HWM with 
additional benefit to extract coal remotely without 
disturbing surface features. 
Finally, operational and environmental considerations 
also play a crucial role in HWM applicability. Sites 
must possess manageable hydrological conditions, 
with effective water ingress control and dewatering 
capabilities. For gassy seams, a robust system for 
remote ventilation and methane management within 
the unmanned boreholes is essential for safety. 
Logistically, adequate infrastructure for power supply, 
coal handling, and equipment maintenance must be 
available at the mine site. While HWM offers 
significant environmental benefits by minimizing 
additional surface disturbance and overburden 
generation, proper waste disposal from associated 
opencast operations remains a consideration. 
Adherence to strict regulatory guidelines and obtaining 
necessary approvals are also foundational for any 
HWM project in India. Ultimately, comprehensive site-
specific investigations and robust risk assessments are 
indispensable to validate the suitability of a coal 
deposit for HWM,  
ensuring its safe, productive, and sustainable 
deployment. 
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Fig. 3Addcar system deployed for extracting coal from 
Higwall 

 
Fig. 4 Seam Coal Characteristic 
 
II. D. PRODUCTION AND PRODUCTIVITY 
STATISTICS OF HIGHWALL MINING IN INDIA 
While specific annual production figures for individual 
highwall mining units are not publicly available, the 
technology's inherent design promotes high 
productivity compared to conventional underground 
methods: 
● Average Production Capability per Unit: 
Individual highwall miners in India are designed to 
achieve production rates ranging from 40,000 to 
100,000 Tonnes per month under favorable geological 
conditions. This translates to an annual production 
capability of 
0.5 to 1.0 Million Tonnes per unit per year. 
● Aggregate Capacity: As of the latest available 
reports (FY 2024), 5 highwall miners are operational 
across various coalfields in India, contributing an 
aggregate installed capacity of 
2.36 Million Tonnes per annum (Mtpa). Projections 
indicate a significant increase, with plans for an 
additional 25 highwall miners by FY 2029-30. 
● Manpower Productivity: Highwall mining 
significantly enhances manpower productivity (Tonnes 
per Man-Shift) due to its remote- 
  
controlled, highly mechanized nature. A small 
operational crew (typically 6-9 skilled personnel per 
machine) manages the entire process from a safe 
surface location, leading to a much higher output per 
person compared to labor-intensive conventional 
underground mining. 
 

 
Fig.5 Annual Production (2011-2025) 
II. E. SAFETY STATISTICS OF HIGHWALL 
MINING IN INDIA 
Specific, quantitative safety statistics (e.g., fatality 
rates, lost-time injury frequency rates solely 
attributable to HWM operations) for each individual 
highwall mine in India are not publicly disclosed. 
However, the technology is fundamentally designed 
with a superior safety profile: 
Inherently Safer Operation: Highwall mining is 
recognized for its admirable safety record because 
human operators are completely removed from the 
active mining face. The machinery is controlled 
remotely from a cabin on the surface, eliminating 
exposure to the primary hazards associated with 
traditional underground mining, such as: 
1. Roof and side falls 
2. Methane gas ignitions or explosions 
3. Inundation 
4. Confined space accidents 
5. Crushing injuries from direct interaction with 
machinery in confined underground areas. 
Lower Accident Rates: Industry analysis and 
qualitative assessments consistently indicate that 
highwall mining generally exhibits significantly lower 
fatality and injury rates compared to conventional 
underground mining methods, largely due to its remote 
operations. 
II. F. SCOPE OF HIGHWALL MINING IN 
INDIA 
Highwall mining has significant potential in India due 
to the large number of coal seams that remain 
unextracted in open-cast mines. With India’s coal  
reserves exceeding 319 billion tonnes (as per 
Geological Survey of India, 2022), a considerable 
portion lies in conditions unsuitable for traditional 
underground mining due to low seam thickness, poor 
roof conditions, or high stripping ratios. Highwall 
mining offers an alternative that can access these 
reserves economically and with lower environmental 
impact. 
Several coalfields, including those under South Eastern 
Coalfields Limited (SECL), Mahanadi Coalfields 
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Limited (MCL), Central Coalfields Limited (CCL), 
and Western Coalfields Limited (WCL), present 
favorable geological and operational conditions for 
highwall mining. This method has already been 
successfully implemented at select sites such as Sharda 
Opencast (SECL) and Ramagundam (SCCL), 
demonstrating its feasibility under Indian conditions. 
Highwall mining is particularly advantageous in India 
due to the increasing demand for coal, especially for 
power generation. Despite a push towards renewable 
energy, coal continues to contribute over 70% of 
electricity generation, and domestic coal production 
must be optimized to meet the rising demand. Highwall 
mining supports this objective by unlocking residual 
reserves in existing mines without requiring new land 
acquisition, forest diversion, or resettlement.The 
method also aligns with India's strategic goals of 
improving energy security and reducing import 
dependence. The Ministry of Coal has encouraged the 
adoption of advanced mining technologies—including 
highwall mining—as part of the “Mission Coal” 
initiative, which aims to boost production efficiency 
and safety. 

 
Fig.6 Technological advancement in Highwall Mining 
System 
  
Highwall mining has the potential to contribute an 
estimated 20–30 million tonnes annually by targeting 
suitable highwalls across operational coal mines. It is 
especially relevant for mine operators looking to 
extend mine life, improve stripping ratios, or utilize 
existing infrastructure for additional resource recovery. 
With further investment in indigenous technology and 
regulatory clarity, highwall mining could become a key 
component of India’s coal production strategy, 
particularly in the mine closure and transition phase of 
mature opencast projects. 
III. ADVANTAGES 
Highwall mining offers a range of operational, 
economic, and environmental advantages that make it 
an attractive method for extracting residual coal 
resources in open-cast mines. Its adoption is 

particularly beneficial in regions with land constraints, 
complex geology, or regulatory sensitivity. 
1. Enhanced Resource Recovery 
Highwall mining enables the extraction of coal left 
unmined in the final highwalls of open-pit operations. 
This enhances the overall recovery factor of the mine 
without requiring additional land acquisition or 
infrastructure development. For instance, at the Sharda 
Opencast Mine (SECL), highwall mining enabled the 
recovery of more than 
0.5 million tonnes of coal from the final highwall zone, 
which would otherwise have remained unutilized. 
2. Minimal Surface Disturbance 
Unlike conventional underground mining or the 
expansion of opencast pits, highwall mining causes 
minimal surface disruption. The method does not 
require overburden removal or extensive land clearing, 
making it suitable for areas with ecological sensitivity. 
At the Ramagundam Opencast Mine (SCCL), highwall 
mining was adopted specifically to avoid disturbance 
to adjacent forested land and village settlements. 
3. Reduced Environmental Impact 
As highwall mining does not involve large-scale 
blasting or excavation, it significantly reduces dust, 
noise, and vibrations. This lower environmental 
footprint was a key factor in its adoption at Gevra and  
Dipka  mines  (SECL),  where  operations  
continued near forest boundaries without violating 
environmental regulations. 
4. Improved Safety 
With remote operation from the surface, highwall 
mining eliminates the need for workers to enter 
unsupported entries, reducing exposure to roof fall 
accidents, gas build-ups, and other hazards. In Indian 
deployments such as at Sharda and Ramagundam, there 
were no reported underground fatalities during 
highwall operations, highlighting its safety advantage 
over traditional underground methods. 
5. Cost-Effective 
Highwall mining systems eliminate the need for costly 
underground infrastructure like shafts and ventilation. 
It becomes especially economical for extracting 
remnant coal blocks. At Ramagundam, SCCL reported 
a 20–30% reduction in extraction cost per tonne using 
highwall mining compared to deep underground 
methods. 
6. Shorter Project Timeline 
Since highwall mining uses existing infrastructure such 
as haul roads, benches, and power supply from 
opencast mines, the setup and commissioning time is 
minimal. At Sharda Opencast, SECL achieved 
operational readiness for highwall mining within just a 
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few months, facilitating rapid production ramp-up. 
IV. LIMITATIONS 
Despite its many benefits, highwall mining also 
presents several technical, operational, and regulatory 
challenges that can limit its widespread application in 
India. These disadvantages must be carefully 
considered during project planning and execution to 
ensure safe and economic operations. 
1. Limited Penetration Depth 
Highwall mining is typically effective up to a depth of 
300 to 400 meters from the highwall face. Beyond this 
limit, ground control becomes difficult, and the risk of 
roof falls or equipment failure increases. This depth 
restriction can leave deeper reserves unmined, 
particularly in areas with thick overburden. 
2. Geotechnical Risks and Stability Issues 
The success of highwall mining depends heavily on the 
stability of the highwall and surrounding strata. In 
weak, jointed, or weathered rock masses, there is a risk 
of highwall collapse or rib spalling, which 
  
can damage equipment and halt operations. For 
example, in some mines in the Eastern Coalfields, poor 
geotechnical conditions led to reduced productivity and 
higher support costs during pilot highwall operations. 
3. High Initial Capital Investment 
Although operational costs are lower than underground 
mining, highwall mining requires specialized 
equipment such as continuous miners, push-beam 
systems, and remote control units. These systems are 
often imported, leading to high capital expenditure and 
dependency on foreign suppliers. This has slowed the 
pace of adoption in many Coal India Limited (CIL) 
subsidiaries. 
4. Limited Domestic Expertise and Technology 
Providers 
India has a limited number of trained personnel and 
institutions with expertise in highwall mining 
technology. Most successful operations to date have 
relied on foreign technical support and equipment, as 
seen in early projects by SECL and SCCL, which 
partnered with international vendors like Bucyrus (now 
Caterpillar) and Addcar. This lack of self- reliance 
poses a barrier to scaling the technology nationally. 
5. Regulatory and Policy Uncertainty 
Highwall mining in India currently falls into a grey area 
in terms of regulatory classification—being neither 
fully underground nor open-cast. This has led to delays 
in environmental clearances, ambiguity in mine closure 
plans, and inconsistent treatment by DGMS 
(Directorate General of Mines Safety). Mines like 
those under MCL and WCL have faced challenges 

getting timely approvals for highwall mining trials. 
7. Residual Resource Loss 
Highwall mining uses a series of parallel entries with 
intervening pillars for stability. As a result, 10–20% of 
coal is left behind as safety pillars, which may never be 
recovered. 
V. CONCLUSION 
Highwall Mining (HWM) technology has firmly 
established itself as a strategically vital and technically 
viable solution within the intricate landscape of India's 
coal sector. Its adoption directly addresses critical 
challenges posed by dwindling reserves amenable to 
conventional opencast  methods,  the  imperative  to  
extract  
valuable coal from previously abandoned or 
uneconomic underground workings, and the increasing 
demand for safer mining practices. HWM's core value 
proposition lies in its ability to achieve superior coal 
recovery from highwalls and beneath sensitive surface 
infrastructure, significantly enhance worker safety 
through remote operation, and offer favourable 
economic returns for specific niche applications. 
HWM holds an indispensable position in India's future 
energy strategy. Its alignment with broader 
technological advancements in the global mining 
industry, particularly concerning automation, remote 
sensing, and data integration, positions it as a 
cornerstone for more efficient and sustainable coal 
extraction. The capacity of HWM to unlock significant 
unmined coal resources, minimize additional surface 
disturbance, and reduce the overall risk profile of 
mining operations underscores its critical role in 
bolstering India's energy security while adhering to 
evolving environmental and social imperatives. 
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