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ABSTRACT 
The mining industry is renowned for its challenging working conditions, where low visibility contributes 

significantly to accidents and injuries. Addressing these safety concerns requires innovative solutions, with 

lighting playing a pivotal role in enhancing visibility underground. Traditional lighting systems in mines, such as 

incandescent and fluorescent lights, often fall short in providing adequate illumination that is essential for safe 

operations. In recent years, LED (Light Emitting Diode) technology has emerged as a promising alternative due 

to its superior brightness, durability, energy efficiency, and directional lighting capabilities. This paper explores 

the impact of LED lighting on visibility and accident rates in underground mines through a comprehensive review 

of literature and empirical data. It investigates how LED lighting systems can mitigate visibility challenges, 

reduce accident frequencies, and improve overall safety outcomes. The study utilizes a mixed-methods approach, 

combining quantitative analysis of accident data with qualitative assessments from mine workers regarding their 

experiences and perceptions of improved lighting conditions by examining existing research and case studies, this 

paper aims to provide insights into the practical benefits of LED lighting in enhancing mine safety. The findings 

highlight the potential of LED technology to not only reduce accidents but also to enhance worker productivity 

and morale through improved working conditions. Ultimately, this research contributes to the ongoing efforts to 

promote safer mining practices and underscores the importance of adopting advanced lighting solutions to 

mitigate risks and improve safety in underground mining environments. 
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1) INTRODUCTION 
In the realm of industrial safety, few environments present as many challenges as mining operations. 
The inherently hazardous conditions—characterized by low light levels, uneven terrain, and the presence 
of heavy machinery—underscore the critical importance of visibility in safeguarding the well-being of 
miners. Among the technologies emerging as a potential game-changer in this context is LED lighting. 

LED lighting has garnered attention for its ability to provide bright, clear illumination while consuming 
less energy and offering longer operational lifespans compared to traditional lighting sources. These 
attributes not only contribute to cost savings and environmental sustainability but also hold promise for 
significantly enhancing visibility in underground and surface mining environments alike. 

This study delves into the impact of LED lighting on visibility and its potential to mitigate accidents 
within mining operations. By systematically examining how improved lighting conditions can influence 
safety outcomes, this research seeks to provide empirical evidence supporting the adoption of LED 
technology as a proactive measure in advancing mine safety protocols. The findings aim to inform 
industry stakeholders, safety regulators, and mining personnel alike, fostering a safer working 
environment and ultimately contributing to the sustainable growth of the mining sector. 

2) Health and Safety Issues 
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LED lighting has become increasingly popular in mining environments due to its energy efficiency and improved 
visibility compared to traditional lighting sources. However, while LED lighting offers benefits in terms of 
brightness and coverage, it also presents certain health and safety challenges that need careful consideration. 

2.1 Glare and Visual Discomfort 
LED lights, especially when used in high intensity or improperly shielded fixtures, can produce glare. Glare is the 
sensation of discomfort or even temporary blindness caused by excessively bright light sources within the field of 
view. In mining operations, where visual acuity is crucial for detecting hazards and operating machinery, glare 
can significantly impair a miner’s ability to see clearly. This impairment increases the risk of accidents such as 
trips, falls, or collisions with equipment or other personnel. 

To address the issue of glare, mines should adopt lighting fixtures that are designed to minimize glare, such as 
those with diffusers or directional shields that direct light away from the eyes of workers. Additionally, ensuring 
proper placement and orientation of LED fixtures can help reduce glare and create a more uniformly lit 
environment. 

2.2 Potential for Visual Fatigue and Eye Strain 
Extended exposure to LED lighting, particularly lights that emit blue light wavelengths, can contribute to visual 
fatigue and eye strain among miners. Visual fatigue is characterized by symptoms such as dry or irritated eyes, 
headaches, and difficulty focusing. In the mining industry, where shifts can be long and demanding, visual fatigue 
can impair miners’ ability to maintain focus and attention to detail, increasing the likelihood of errors and 
accidents. 

To mitigate the risk of visual fatigue, mines should consider implementing a lighting design that balances 
brightness and color temperature. Using LED lights with adjustable intensity or color temperature settings can 
allow miners to adapt lighting conditions to their tasks and preferences. Additionally, encouraging regular breaks 
in well-lit break areas away from workstations can provide relief from prolonged exposure to bright LED lighting. 

2.3 Impact on Circadian Rhythms and Sleep Patterns 
LED lighting, particularly those emitting blue light wavelengths, can interfere with the body’s circadian rhythms 
by suppressing melatonin production, which regulates sleep-wake cycles. In underground mining environments 
where natural daylight is limited, prolonged exposure to artificial LED lighting can disrupt miners’ sleep patterns, 
leading to fatigue, reduced alertness, and increased risk of accidents. 

To minimize the disruption to circadian rhythms caused by LED lighting, mines should consider implementing 
lighting control systems that adjust the color temperature and intensity of LED lights throughout the day. 
Providing adequate rest areas with subdued lighting can also help miners regulate their sleep patterns and 
maintain overall well-being. 

3) OBJECTIVE OF THE STUDY 
The document discusses lighting standards and requirements for mines. It begins by introducing key lighting 
terms like intensity, candle power, lumens, and illumination. It describes the unique challenges of mine lighting 
due to fire risks from methane gas, requiring intrinsically safe or explosion proof lamps. Standards recommend 
minimum light levels of 10 lumens/m2 for tasks, and 65 lux in work areas. Guidelines specify lighting 
arrangements on mine surfaces and underground areas. Different countries set their own standards based on 
mining tasks and environments. 

4) TECHNICAL TERM IN LIGHTING AND  PHOTOMETRIC 
Some of the technical term used in lighting and photometric are given as follows: 

4.1 Intensity 
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Intensity of light is the relative amount of luminous energy given by any source and is measured in candles or 
candle power (cd). A light source generally gives different intensities in different directions. Hence candle power 
does not convey the correct picture unless direction is specified. 

 

 

4.2 Mean Spherical Candle Power 

Mean Spherical Candle Power (m.s.c.p) is the average candle power of a lamp in all directions, or the candle 
power of a uniform source given the same total flux of light. It is directly proportional to the total light given by 
the lamp and is measured by taking intensity reading in all directions. 

4.3 Mean Horizontal Candle Power 
Mean Horizontal Candle Power (m.h.c.p) is the average candle power of lamp in all directions in a horizontal 
plane passing through the Centre of the source and is usually obtained by rotating, the lamp about a vertical axis. 

4.4 Illumination 
Illumination is generally measured in meter candles or foot candles or Lux (S.I Unit). One meter candle is the 
intensity of illumination on a surface 1 meter away from a source of 1 candle power. Illumination at the surface is 
inversely proportional to the square of the distance of the surface from the source of light, and directly 
proportional to Cos where is the angle between the normal to the surface and the direction of the light rays. 
Illumination of a surface (meter candle) 

 

At 2 m distance the illumination would be,    Lux or meter candle. 

The statement that the illumination at a surface is 4 Lux implies that it is the same as if it were illuminated by a 
point source of four international candles placed at a distance of 1 m from it. 

4.5 Lumen 
Lumen (Im) is the unit of light (luminous flux) emitted by a light source. Lumens emitted by a lamp = m.s.c.р Х 4 
п 

1 Lux=1 Lumen/m² 

4.6 Luminous efficiency 

Luminous efficiency is expressed in lumens per watt consumed and is from 10 to 20 in modern incandescent 
lamps, the higher values being for larger lamps. 

4.7 Reflection 
When light falls upon a surface, part of it is reflected and a part is absorbed. In the case of a transparent body, 
majority of the light passes through. Only that part of light which is reflected is useful for illumination. A white 
surface is a good reflector of light and in underground mines, to improve the lighting effect, the following places 
have to be white washed: 

5) GENERAL LIGHTING ARRANGEMENT 
We have to ensure the provision of adequate general lighting arrangements during working hours: 

5.1)  On surface, at places with insufficient natural light, in every engine house, in the vicinity of every working 
shaft, at every opencast working and at places where workers are employed. 

5.2)  Underground: 
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1.  At every shaft inset and shaft bottom or siding which is in regular use. 

II.  In every travelling roadway in which 50 or more miners travel in any shift, and, in every working stope, in 
metalliferous mines. 

Ⅲ.  At every place on a haulage roadway, at which tubs are regularly coupled or uncoupled, or attached to or 
detached from a haulage rope. 

IV.  At every place where mechanical filling of the tubs is being carried out. 

V.  At the top and bottom of every self-acting incline, which is in regular use. 

VI.  At every first aid station in the underground. 

VIL. At every room and place where engine, motor or any other apparatus is present. 

VIII. In coal mines, at every place where pillar is under extraction. 

As per the Indian Electricity Rules, in every mine illuminated by electricity, one or more flame safety lamps, or 
other lights, approved by the Regional Inspector, should be maintained in a state of continuous illumination at all 
places where failure of the electric light at any time would be prejudicial to safety. 

6) LIGHT MEASURING TECHNIQUES AND INSTRUMENT USED IN OPENCAST MINE 

6.1) Illuminance Measurement: 

Purpose: Illuminance measurements are essential for ensuring adequate lighting levels in work areas, walkways, 
and vehicle routes within the mine site. 

Technique: Illuminance meters are used to quantify the amount of light (measured in lux) falling on a surface. 
This helps mine operators maintain optimal lighting conditions for safe working environments. 

 

6.2) Light Pollution Assessment: 
Purpose: Open-cast mines can contribute to light pollution, affecting nearby communities and ecosystems. 
Assessing light pollution helps in mitigating its impact. 
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Technique: Radiometers or photometers equipped with directional sensors are used to measure light levels at 
various distances and angles from the mine site. This data informs efforts to minimize light spillage beyond the 
operational area. 

 

6.3) Spectral Analysis: 

Purpose: Understanding the spectral composition of light emitted by mine operations can be crucial for 
environmental monitoring and compliance. 

Technique: Spectrometers are employed to analyze the wavelengths of light emitted by artificial sources within 
the mine, such as vehicle headlights, machinery, and operational lighting. This helps in evaluating potential 
ecological impacts and optimizing energy use. 

 

6.4) Monitoring Natural Light: 

Purpose: Monitoring natural light conditions within and around the mine site is important for both safety and 
environmental assessments. 
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Technique: Light sensors (including both photometers and spectrometers) are deployed to continuously monitor 
natural light levels. This data is used to understand daily and seasonal variations, assess potential impacts on 
wildlife behavior, and optimize operational schedules accordingly. 

6.5) Photographic Documentation: 

Purpose: Visual documentation of lighting conditions aids in assessing visibility, operational safety, and 
compliance with regulatory standards. 

Technique: High-resolution photography and digital imaging techniques capture the spatial distribution of light 
within the mine site. This documentation can be integrated with other data to analyze lighting effectiveness and 
potential hazards. 

6.6) Occupational Safety Assessments: 

Purpose: Ensuring adequate lighting for tasks such as vehicle operation, equipment maintenance, and pedestrian 
safety. 

Technique: Light meters are used in occupational safety assessments to measure light levels at specific 
workstations and paths. This ensures compliance with safety regulations and enhances visibility in potentially 
hazardous areas. 

Integration with Monitoring Systems: Light measuring instruments are often integrated into broader monitoring 
systems within open-cast mines, including environmental monitoring networks and safety management systems. 

Data Analysis and Reporting: Collected light data is analyzed to identify trends, assess compliance with 
regulatory standards, and inform decision-making processes related to mine operations and environmental 
management. 

Technology Advancements: Continuous advancements in sensor technology, including wireless connectivity and 
remote monitoring capabilities, enhance real-time data collection and decision support systems in open-cast 
mining operations. 

7)  STANDARD FOR MINE LIGHTING 

It is a well-established fact that for safe and efficient working in underground mines, good lighting is necessary. 
Every country generally specifies their requirements regarding, what constitutes a safe mine lighting system, 
especially in underground gassy coal mines where methane emissions are common. The minimum and maximum 
standards for illumination levels are obtained from the laboratory experiments simulating both the mine 
environment and the working tasks. These experiments can be repeated in any country based on the mining tasks, 
mining environment, and mining equipment, to arrive at the required lighting levels. For any given visual task, the 
recommended levels of lighting are specified in two ways. First, we define an absolute minimum light level at 
which anyvisual task can be performed at ease. In the second method we define arrange of levels between a maximum and a 
minimum value for various mining tasks. International bodies concerned with lighting, such as the Illumination Engineering 
Society (IES) and the International Commission on Lighting (CIE) specifies guidelines for mine lighting. The CIE stresses 
that the quality of light being received by the eye is as important as the quantity and provides formulas to ascertain whether 
glare may be a factor in visual performance. Different countries have laid down specific standards for the amount of light required 
for various tasks. However, these standards vary greatly in the amount of light that is provided in various working places. Each country may have different 
organizations laying down the standards for the lighting to be provided to various industries. In India, the Directorate General of Mines 
Safety (DGMS) prescribes the standards for the lighting in mines. The standards prescribed are for both underground and surface mines. The Chief 
Inspector specifies the type of lamp to be provided to any specified categories of persons in the mine and also the standard of 
lighting to provide at any specified areas or places in the mine. In order to prevent complete darkness in case of power failure, individual 
lightings are provided at night to the workers in opencast workings also, in addition to the ground lighting scheme. Moving 
flood lights are installed in open cast mines to light the areas near high benches. The recommended standards of general lightings in 
underground and in opencast mines as stipulated by DGMS are given in Table 1 and Table 2 respectively. 
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Table 1 Recommended standards of general lightings in underground 

Place Minimum average illumination level 

(Lux or lumens/m
2
) 

1. Pit bottom 10 

2. Main junction 15 

3. Roadways 4.5 

4. Haulage engine room  

i. Floor 10 

ii. Drum 25 

iii. Controller 20 

Table 2 Recommended standards of general lightings in opencast mines 

S. No Place/area to be 

illuminated 

Manner in which 

it is to be 

illuminated 

Minimum 

standard 

Illumination 

(Lux) 

Plane/Level in which 

illumination is to be 

provided 

1. General working areas as 
determined by the manager 
in writing 

- 0.2 At the level of the 
surface to be illuminated 

2. Work place of heavy 
machinery 

So as to cover the 
depth and height 
through which the 
machinery of the 
rig operates. 

5.0 Horizontal 

3. Area where drilling rig 
works 

So as to illuminate 
the full height of 
the rig. 

10.0 Vertical 

4. Area where bull dozer or 
other tractor mounted 
machine works 

- 10.0 At the level of the 
crawler tracks. 

5. Places where manual work 
is done. 

To be provided at 
the level of the 
surface on which 
such work is done. 

5.0 Horizontal 

10.0 Vertical 

6. Places where loading, 
unloading where or transfer 
loading of dumpers, trucks 
or train is carried on 

- 3.0 Horizontal 

7. Operator cabins of 
machines or mechanisms 

To be provided up 
to a height of 0.8 
meters from the 
surface 

30.0 Horizontal 
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8. At hand picking points 
along a conveyor belt. 

To be provided up 
to a distance of not 
less than 1.5 
meters from the 
picker 

50.0 On the surface of the 
conveyor belt 

9. Truck haulage roads To be provided at 
the level of the 
road 

0.3 to 3.0 Horizontal 

10. Rail haulage track in the pit To be provided at 
the level of the rail 
head 

0.5 Horizontal 

11. Roadways and footpaths 
from bench to bench 

- 3.0 Horizontal 

12. Permanent paths for use of 
persons employed, etc. 

- 1.0 Horizontal 

8)  SOME ADVANTAGES AND DISADVANTAGES OF IMPROVING MINE SAFETY THROUGH THE USE OF 

LED LIGHTING, BASED ON THE STUDY ON VISIBILITY AND ACCIDENTS: 

8.1) Advantages 

Enhanced Visibility: LED lighting provides bright and uniform illumination, improving visibility in underground mines, 
which can reduce the likelihood of accidents due to poor lighting conditions. 

Energy Efficiency: LEDs are highly energy-efficient compared to traditional lighting sources like incandescent bulbs or 
fluorescent tubes, potentially reducing overall energy consumption in mines. 

Durability and Longevity: LED lights have a longer lifespan and are more resistant to vibrations and shocks compared to 
conventional lighting, making them suitable for harsh mining environments. 

Instantaneous On/Off: LEDs reach full brightness instantly, unlike some other types of lighting that may require warm-up 
time, ensuring immediate visibility improvements when needed. 

Reduced Maintenance: Due to their longer lifespan and durability, LED lights require less frequent replacement and 
maintenance, reducing downtime and associated costs in mining operations. 

Environmental Benefits: LEDs do not contain mercury or other hazardous substances, making them safer for the 
environment in case of accidental breakage or disposal. 

Adaptability and Control: LED lighting systems can be easily controlled and dimmed, allowing miners to adjust lighting 
levels as needed, which can further improve visibility and comfort. 

8.2) Disadvantages: 

Higher Initial Cost: LED lighting fixtures typically have a higher upfront cost compared to traditional lighting options, 
which may require a significant initial investment for mining companies. 

Heat Sensitivity: LED performance can be affected by high ambient temperatures, which are common in deep underground 
mines, potentially impacting their longevity and reliability. 

Light Quality Concerns: While modern LEDs offer good color rendering and light quality, there may still be variations that 
could affect how well miners can distinguish colors and details in certain conditions. 

Compatibility Issues: Retrofitting existing lighting systems with LEDs may pose compatibility challenges with existing 
infrastructure and controls, necessitating additional modifications or investments. 
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Supply Chain Dependencies: LED lighting systems depend on a global supply chain for components and manufacturing, 
which could be vulnerable to disruptions or delays affecting availability. 

Potential Glare Issues: Improperly installed or designed LED lighting systems can create glare, which may reduce visibility 
and potentially contribute to accidents or discomfort for miners. 

Perception and Adaptation: Miners accustomed to traditional lighting may require time to adjust to LED lighting systems, 
potentially affecting initial acceptance and effectiveness. 

9) CONCLUSION 

From 2002 to 2006, an average of 28 accidents involving lighting occurred annually within the US mining industry. Nearly 
half Occurred in bituminous coal mines. Most the incidents could be separated into three main groups associated with 
operation and maintenance/repair activities, cap lamps, and auxiliary lighting. The greatest number of accidents occurred 
when employees were Maintaining or repairing lighting. This is also the area of greatest Severity as measured by the days 
away from work. 

These 28 accidents a year represent an undesirable level of risk when looking at the exposure to those workers involved in 
maintaining or repairing lighting in mines. The longer life and robust-Ness of LED lighting systems can potentially reduce 
the frequency of accidents associated with maintenance, repair, and the catastrophic lamp failures occurring during operation. 
To a lesser extent, it appears that LEDs could reduce accident severity for the cases of eye injury from an exploding bulb and 
the eight cases of cuts from broken glass. For these cases, the hazards would be eliminated by the LEDs given the physical 
construction of this light Source. Elimination of the cap lamp cable could eradicate cable-related accidents. It is anticipated 
that new LED cap lamp designs will use High efficacy (100 lm/W) cool-white LEDs thus enabling considerable power 
reductions such that the battery that it will be integrated with the cap lamp headpiece, thus eliminating the cable major 
changes such as reductions in power, size, and weight in mobile light plants do not seam achievable given today’s state of 
LED technology; however, by 2015, LED efficacies could enable Such reductions of about 50%. While these reductions 
could potentially reduce the risks associated with lifting or moving mobile Light plants, this is not a major safety benefit for 
LEDs given that only six accidents involving days lost from work occurred from 2002 to 2006. 

Thus it appears that overall, LED technology could provide some Added safety benefits in terms of reducing operational and 
maintenance-related accidents involving lighting. This is primarily through reduced hazard exposure given that LEDs could 
potentially reduce Lamp replacement by a factor of 28 as compared to incandescent bulbs. However, given the risks posed by 
other accidents the primary benefit of LEDs is likely to be improving the visual performance of miners such that they can 
better detect mining hazards. 

10) RECOMMENDATIONS: 

Adopt LED Lighting Technology: Replace traditional lighting systems with LED lights throughout the mine. LEDs provide 
brighter, more uniform illumination, enhancing visibility in all areas including tunnels, shafts, and workstations. Ensure 
Comprehensive Coverage: Conduct a thorough assessment of the mine’s lighting layout to ensure that all critical areas are 
adequately lit. Pay special attention to high-risk zones such as haulage ways, intersections, and loading areas. 

Optimize Light Placement: Position LED lights strategically to minimize shadows and dark spots, which can obscure 
visibility and increase accident risks. Utilize a combination of overhead, task-specific, and emergency lighting where 
applicable. Implement Motion-Activated Lighting: Install motion sensors where appropriate to activate LED lights only when 
personnel or vehicles are present. This approach not only conserves energy but also ensures that lighting is always available 
when needed. Regular Maintenance and Inspections: Establish a routine maintenance schedule for LED lighting systems to 
promptly address any malfunctions or degradation in performance. Conduct periodic inspections to verify that lighting levels 
meet safety standards. 

Provide Training on Lighting Importance: Educate mine personnel about the crucial role of lighting in enhancing visibility 
and reducing accidents. Highlight the specific benefits of LED lighting and encourage proactive reporting of any lighting-
related issues. Monitor and Evaluate: Implement a monitoring system to track the effectiveness of LED lighting in improving 
visibility and reducing accident rates over time. Use incident reports and feedback from employees to continuously refine 
lighting strategies. Consider Emergency Lighting Solutions: Install backup LED lighting systems in critical areas to ensure 
continuous illumination during power outages or emergency situations. These systems should be equipped with battery 
backups or alternative power sources. 
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Promote a Safety Culture: Foster a safety-first culture within the mine by emphasizing the importance of proper lighting as 
part of overall safety protocols. Encourage teamwork and communication among workers to promptly address any lighting 
concerns. Stay Informed about Technological Advances: Keep abreast of advancements in LED lighting technology and 
safety standards relevant to mining operations. Consider upgrading lighting systems periodically to incorporate new features 
or improved efficiency. 
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