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Alberta regulator opens public input for Northback coal mining 
project proposal
Alberta’s energy regulator 

has opened public input 

into an Australian-owned 

mining company’s revised 

proposal for a coal mine 

in the eastern slopes of 

the Rocky Mountains after 

the company’s previous 

application was denied in 

2021.

Albertans have a 

short timeline to weigh 

in on what they think 

should be included in the 

environmental impact 

assessment of the Grassy 

Mountain coal mine. 

“This is the first chance 

the public have to affect 

the outcome,” Mike 

Young, CEO of Northback 

Holdings Corp., told the 

Calgary Eyeopener’s Loren 

McGinnis Monday.

“It gives the public an 

opportunity to say to the 

regulator, ‘Look, I think 

they need to think about 

this and I’m worried about 

this animal, and have they 

thought about this?’”

Northback’s proposed 

project at Grassy Mountain 

– around six kilometres 

north from the town of 

Blairmore, Alta. – was 

rejected in 2021, when 

a joint federal-provincial 

panel ruled potential 

environmental harm to 

fish and water quality 

outweighed the economic 

benefits of the project.

An exploration project for 

the mine, which would see 

an open-pit metallurgical 

coal mine in the Crowsnest 

Pass region, received 

the green light from the 

provincial government last 

May. Earlier last year, the 

provincial government lifted 

a ban on coal exploration in 

the area.

Now, the company is 

preparing for the crucial 

next step in the regulatory 

review of the new proposal, 

even as efforts are 

underway for a referendum 

question on banning coal 

mining in the region. 

Young said over the last 

five years, the company has 

spent a significant amount 

of time redesigning the mine 

plan to address ongoing 

concerns from ranchers, 

environmentalists and First 

Nations.

One of the biggest 

changes, he said, is 

reducing the mine’s footprint 

by 40 per cent.

“You reduce the footprint, 

you reduce the overall 

impact,” Young said.

Another change includes 

adding plans for progressive 

reclamation of the mine, 

which involves restoring 

land as mining operations 

are ongoing.

Mining would occur 

moving south to north, 

Young said, allowing the 

company to fill the pits that 

have already been mined 

with the waste rock from 

higher up.

“We don’t have a lot of 

waste outside the mine 

footprint this time,” Young 

said. “Then as you go, you 

can start to reclaim that 

land while you’re still mining 

further north, and that has a 

huge benefit in that we don’t 

have this environmental 

liability at the end of the 

mine life.”

Previous concerns remain

But concern about the 

environmental cost of the 

mining project, and similar 

ones proposed in the area, 

remain.

One of primary concerns 

is the potential for the 

project to leach toxic 

selenium downstream to 

bodies of water used for 

ranching and drinking, and 

which contain threatened 

fish species like trout. 

Country singer Corb 

Lund has been a prominent 

opponent of coal mining 

in the eastern slopes, 

launching a petition late last 

year to ask the provincial 

government to ban all new 

mines in the area.

“The risk-reward on 

this coal mining idea is 

really terrible,” Lund said 

in a December Calgary 

Eyeopener interview. “They 

want to put coal mines in 

a really sensitive area of 

our foothills of our Rockies 

where all the headwaters of 

our rivers are.”

Other environmental 

groups, such as Save Our 

Slopes and the Canadian 

Parks and Wilderness 

Society, have also 

vocalised their opposition 

to the project and others 

like it.

In 2019, a peer-reviewed 

study into Northback’s first 

proposal (at the time, the 

company was called Benga 

Mining) found that leaching 

of selenium was “an 

undisputed fact of open-pit 

mountaintop coal-mining.”

“Effective treatment 

doesn’t exist, only case 

after case of selenium 

pollution and resultant 

poisoning of fish and 

wildlife,” wrote the study’s 

author Dennis Lemly, a 

retired U.S. government 

scientist.

Young said he believes 

selenium treatment 

technologies have come 

a long way since then, 

and the company is 

incorporating those new 

developments into its 

approach.

“We believe the revised 

application addresses those 

concerns,” Young said.

After the latest round of 

public input, Northback will 

look to submit its project 

application to the Alberta 

Energy Regulator later this 

year. If it’s approved, Young 

said the mine could be 

operational by 2030.
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Indonesia to set 2026 coal output quota at around 600 million tons

China’s December coal imports hit record high despite 10% 
annual drop

Indonesia may approve 

a coal output quota of 

“more or less” 600-million 

metric tons in 2026 and 

will adjust its nickel quota 

according to the industry’s 

needs, Energy and Mineral 

Resources Minister Bahlil 

Lahadalia said recently.

The output quota level 

will be lower than the 

790-million tons produced 

last year, though actual 

production by the world’s 

top thermal coal exporter 

often surpasses the quota.

All miners in mineral-rich 

Indonesia are required to 

submit an annual production 

plan, known as a RKAB, to 

the government for approval.

Bahlil said the quota 

reduction was aimed 

at supporting prices 

of Indonesian mining 

products.

A similar move will also 

be implemented to support 

nickel prices, Bahlil said, 

but he did not disclose 

the quota level for 2026, 

reiterating that it will be 

adjusted to meet demand 

by local smelters.

“We are currently 

calculating how much 

capacity the industry has 

and we will have to be able 

to supply them,” he told 

reporters.

The ministry has not 

provided data on how much 

nickel ore was produced in 

2025.

Indonesia’s nickel 

smelter association FINI 

estimated nickel ore 

demand from domestic 

smelters in 2026 would 

reach around 340-million to 

350-million metric tons from 

around 300-million tons in 

2025, with new production 

capacity expected to come 

online this year.

Concerns about 

Indonesia’s reduced nickel 

output sent global prices 

surging in December. 

China’s December coal 

imports climbed to a record 

monthly high, spurred by 

winter stockpiling and rising 

domestic prices, even as 

total imports for the year fell 

10%, customs data showed.

Imports in December hit 

an all-time monthly record 

of 58.59-million metric tons, 

according to the General 

Administration of Customs, 

rebounding sharply after 

decline in November caused 

by supply constraints from 

major exporters Indonesia, 

Australia, and Russia.

Buyers typically stock up 

in preparation for the coldest 

months of the winter, when 

demand for heating drives 

coal consumption up.

Domestic coal prices also 

rose to a nearly one-year 

high by late November, a 

government index showed. 

That would have pushed 

buyers to look for less-

expensive imported coal.

But full-year 2025 imports 

remained below 2024’s 

record-high level because 

of lower shipments during 

most of the rest of the 

year, when generally weak 

domestic prices and ample 

supply made imported 

coal less attractive. 

China imported a total 

490.27-million metric tons 

in 2025, down 10% from the 

2024 record. 
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Nigeria and South Africa plan to boost fossil fuel production
Just 20 countries produce 

80% of the world’s oil, 

gas and coal. Since 2019, 

researchers have released 

regular reports analysing 

how these governments 

plan to continue drilling 

and mining for fossil fuels 

– and how those plans 

diverge from the global 

climate goal set out in the 

Paris Agreement, which 

aims to limit temperature 

rise to less than 1.5°C 

above pre-industrial levels. 

The 2025 Production Gap 

Report found that many of 

these countries still plan to 

produce far more fossil fuels 

by 2030 than is safe for the 

climate. Scientists Emily 

Ghosh, Derik Broekhoff, 

Bathandwa Vazi and Olivier 

Bois von Kursk were among 

the co-authors of the report, 

which found that Nigeria 

and South Africa – already 

among the world’s largest 

fossil fuel producers – plan 

to increase fossil fuel 

production despite their 

climate commitments.

How much fossil fuel are 

South Africa and Nigeria 

planning to produce?

The Nigerian government’s 

latest short-term fossil fuel 

production targets show that 

it wants to almost double 

oil output over the next five 

years, aiming to produce 

three million barrels per day 

by 2030.

Nigeria also aims to 

increase gas production by 

75% from 2024 levels by 

2030.

These reported increases 

in production don’t align 

with Nigeria’s latest climate 

commitments. Nigeria 

made a global commitment 

to reduce greenhouse 

gas emissions by 29% by 

2030 and 32% by 2035. It 

also aims to reach carbon 

neutrality by 2060 (where its 

greenhouse gas emissions 

are so low that they can all 

be absorbed by nature).

South Africa’s draft Gas 

Utilisation Master Plan 

shows the country intends 

to increase domestic gas 

production from offshore 

fields. It also wants to 

import liquefied natural gas.

South Africa’s plans 

for future coal and oil 

production are not available. 

However, in 2025, the 

country officially launched 

the state-owned South 

African National Petroleum 

Company. This will likely 

expand domestic fossil fuel 

production.

Since 2020, South Africa’s 

government has given fossil 

fuel companies an average of 

R611 million (US$38 million) 

per year in tax breaks for 

oil and gas development 

and direct payments to coal 

power plants and coal mine 

projects.South Africa has 

a climate change law that 

promises to cut greenhouse 

gas emissions and shut 

down coal power plants. 

But its state-owned electric 

utility, Eskom, did the 

opposite, instead extending 

the life of its oldest coal 

power plants by nearly 10 

years, undermining these 

commitments. This suggests 

that South Africa will maintain 

its dependence on coal for at 

least another decade.

Since both countries want 

to continue relying heavily 

on fossil fuels for revenues 

and energy needs, this 

is going to lock them 

into costly and uncertain 

energy futures.What’s the 

gap between the climate 

promises and investment in 

fossil fuels?

Nigeria’s latest climate 

pledge, known as its 

nationally determined 

contribution (NDC) to 

reducing global greenhouse 

gases, promises to reduce 

the country’s emissions by 

29% before 2030.

Nigeria’s NDC notes 

that “fossil fuels generate 

significant government 

revenues and foreign 

exchange, while at the 

same time they contribute 

little to GDP and job 

creation”. The oil industry 

has also been in decline for 

over 10 years.

At the same time, Nigeria 

is trying to revive its 

onshore oil industry. African 

regional companies have 

purchased onshore assets 

from Shell and Equinor and 

plan to resume onshore 

operations.

This presents a gap 

between Nigeria’s promises 

to protect the climate and its 

actions.

South Africa’s coal 

production is largely 

used to make coal-fired 

electricity for local needs, 

but is also a major source 

of export revenue. South 

Africa says it’s extending 

the life of several coal 

fired electricity plants to 

make sure the country has 

enough electricity. The 

country’s latest national 

energy plan also proposes 

to add new fossil fuel based 

electricity in the next five 

years. Nearly 30% of all 

new energy capacity added 

by 2030 will be made up of 

coal and gas-fired power.

South Africa’s energy 

sector already generates 

the highest levels of 

greenhouse gas emissions 

in the country. Further 

investment in fossil fuels 

could jeopardise its 

commitment to reduce 

emissions by 27% by 2035.

If South Africa and Nigeria 

don’t move away from 

fossil fuels fast, what are 

the risks?

Shifting to cheaper 

renewable energy could 

improve energy security, 

lower costs, and reduce 

the risk of stranded assets 

(where investors are unable 
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Rio and Glencore edge closer to historic deal
It is reported merger talks 

between Rio Tinto and 

Glencore are closer than 

ever, with both companies 

exploring potential 

combinations to create the 

world’s largest miner.

The current round of 

negotiations is the most 

serious yet in nearly two 

decades, even as talks 

remain at an early stage.

Previous discussions 

collapsed over valuation, 

leadership and cultural 

differences. In 2024, 

Glencore had sought a 

merger ratio giving its 

shareholders roughly 40 per 

cent of the combined entity, 

implying a premium of more 

than 25 per cent, while also 

pushing for chief executive 

officer Gary Nagle to lead 

the merged company.

It is reported that 

positions on both sides have 

softened: Rio may now be 

open to paying a takeover 

premium and Glencore is 

said to be taking a more 

pragmatic stance on 

management arrangements.

Investor resistance to 

coal exposure, a major 

concern in earlier talks, 

has also eased,  and the 

possibility that Rio is open 

to retaining Glencore’s 

coal business. The deal is 

expected to be structured 

as a court-sanctioned 

acquisition of Glencore by 

Rio Tinto.

Strategically, copper 

remains at the heart of the 

discussions. Rio has been 

building its copper portfolio 

under chief executive officer 

Simon Trott, including Oyu 

Tolgoi, Resolution Copper 

and Nuevo Cobre.

Glencore has also 

substantially built its copper 

business over the past 

decade, holding major 

mines, refineries and 

smelter operations globally. 

This includes its Mount 

Isa operations, which sit 

at the heart of Glencore’s 

zinc-lead-silver and copper 

processing footprint across 

north Queensland. 

A combined business 

would create a global 

leader in copper, while 

Glencore’s positions in iron 

ore and aluminium could 

complement Rio’s existing 

projects such as Simandou 

in Guinea and Rhodes 

Ridge in the Pilbara.

“Glencore have a lot of 

brownfield and greenfield 

copper projects and Rio 

don’t, but Rio have the 

expertise to build them 

and run them,” Ninety One 

portfolio manager George 

Cheveley recently told 

reporters.

If realised, the merger 

would not only create the 

world’s largest mining 

company but also reshape 

the global industry, setting 

a new benchmark for 

scale, portfolio balance and 

execution capability.

to recover the money 

they’ve spent on developing 

fossil fuel infrastructure). 

But continuing to invest 

in fossil fuels leaves both 

countries vulnerable to price 

shocks and oil price cycles, 

which are volatile.

Experts disagree about 

the future of global oil 

demand. Scenarios from the 

International Energy Agency 

and BP suggest that oil 

demand could peak before 

2030 and then decline. In 

contrast, the Organisation 

of the Petroleum Exporting 

Countries (a group of 

countries that export oil and 

coordinate their production) 

and the US Energy 

Information Administration 

forecast continued growth in 

oil demand through 2050.

If demand declines after 

2030, Nigeria’s expensive 

fossil fuel infrastructure 

could become stranded 

assets. This will severely 

affect Nigerians, because 

decreasing export revenues 

may lead to a tightening 

of fiscal spending and 

cutting of services.The 

other risk is environmental. 

Nigeria still has sizeable 

oil reserves. But a history 

of oil spills, gas flaring and 

sabotaged pipelines has led 

to ecological devastation 

in the Niger Delta. Most 

of its land and waterways 

are toxic and biologically 

degraded. Continuing to 

expand oil production in 

this region could severely 

worsen agriculture, fisheries 

and public health.

South Africa also risks 

stranded coal production 

assets as global buyers shift 

towards cleaner energy. If 

South Africa continues to 

use coal-fired power to run 

its factories, it could face 

Carbon Border Adjustment 

Mechanisms, or fees added 

by importing countries 

on emissions-intensive 

goods. These fees will 

make South African goods 

more expensive and less 

competitive globally.

Investing in new fossil fuel 

projects also undermines 

South Africa’s Just 

Transition framework (its 

plan to move away from 

coal).

What needs to happen 

next?

The 20 countries that 

produce most of the world’s 

coal, oil and gas have 

collectively failed to cut 

production or reduce global 

emissions.

To avoid the worst 

impacts of climate change, 

these countries will need to 

move away from fossil fuels 

much faster.

South Africa and 

Nigeria, in particular, 

need clear plans to close 

the gap between fossil 

fuel production and 

their promises to reduce 

greenhouse gas emissions.

These plans should 

also show how they will 

stop over-investing in new 

fossil fuel projects and help 

workers move into green 

jobs. They should make 

sure communities that 

depend on coal mines or 

other fossil fuel industries 

can find new ways to earn 

a living.

By taking these steps, 

countries can signal to 

fossil fuel industries and 

communities that the green 

energy transition will be 

managed in a well-planned 

and equitable manner.
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BEUMER Group, a leading 

provider of material 

handling solutions, 

has officially opened 

a new state-of-the-art 

manufacturing facility in 

Taicang, China, marking 

a major expansion of the 

company’s presence in 

China. The grand opening 

ceremony on 10 December 

2025, held in Taicang, 

coincides with BEUMER 

China’s 20th anniversary 

and the BEUMER Group’s 

90th anniversary globally. 

This new high-tech plant 

is set to significantly 

enhance BEUMER’s global 

production capabilities 

and underscores the 

family-owned company’s 

long-term commitment to 

the Chinese market.

 

Official opening of the 

factory in the presence of 

BEUMER Group

The newly inaugurated 

Taicang facility occupies a 

land area of about 33,350 

square meters, with a 

built-up manufacturing 

space of roughly 23,000 

square meters across two 

large-scale workshops and 

additional auxiliary facilities. 

Construction was completed 

in an exceptionally swift 

timeframe of just 12 months 

– from the start of ground 

works in July 2024 to the 

handover in June 2025. This 

rapid execution was made 

possible through efficient 

project management and 

strong support from local 

authorities in Taicang, 

enabling BEUMER to 

bring its vision to reality 

on schedule. The new 

site is now fully integrated 

into BEUMER’s global 

manufacturing network, 

allowing the company to 

serve customers across 

Asia-Pacific and worldwide 

more efficiently from China. 

As part of establishing 

this new base, BEUMER 

Group also set up two new 

Wholly Owned Foreign 

Enterprises (WOFE) in 

Taicang, China, to anchor 

its expanded operations, 

reflecting a deepening of 

local operational roots.

“This opening is a proud 

moment for our team in 

China and for BEUMER 

Group as a whole,” said 

Rudolf Hausladen, CEO of 

BEUMER Group, during the 

opening ceremony. “It is a 

great pleasure to celebrate 

our new Taicang facility in 

the presence of the local 

leadership of Taicang and 

Suzhou – especially as it 

coincides with 20 years of 

BEUMER in China and 90 

years of BEUMER globally. 

We believe this state-of-the-

art manufacturing facility 

strengthens our ability to 

serve our customers in 

China and the region with 

even more responsive 

support and innovation. As 

a family-owned business, 

we think in decades, not 

quarters, and this investment 

reflects our confidence in 

the continued growth and 

long-term partnership with 

our customers and the 

community here in China.”

Two decades of growth 

for BEUMER China: 

The inauguration of the 

Taicang facility comes as 

the capstone to BEUMER 

China’s 20-year growth 

journey. Established in 2005, 

BEUMER’s presence in 

China began with delivering 

a single product line. Over 

the past two decades, the 

company’s footprint in China 

has expanded steadily into a 

comprehensive organisation 

that delivers a full portfolio 

of solutions across multiple 

industries, including airport 

baggage handling systems, 

logistics systems and 

overland conveyor systems, 

as well as equipment for 

the cement, minerals, and 

mining sectors. BEUMER 

China has grown in both 

scale and capabilities – from 

a modest start to a workforce 

of around four hundred today 

– reflecting the sustained 

success of BEUMER’s 

solutions in the Chinese 

market. This journey 

illustrates BEUMER’s long-

term commitment to China, 

developing local expertise 

and infrastructure to support 

its customers.

Advanced, sustainable 

manufacturing: The new 

Taicang facility is designed 

as a modern, digital 

manufacturing base that 

aligns with BEUMER’s global 

standards for innovation 

and sustainability. Outfitted 

with cutting-edge production 

technology and smart factory 

principles, the plant will 

help increase efficiency and 

ensure high quality across 

all products manufactured 

on site. BEUMER Group 

built the facility with an eye 

toward sustainability and 

future readiness, aiming 

to minimise environmental 

impact in its operations. 

By building a modern, eco-

conscious production hub in 

China, BEUMER is aligning 

with both national and 

global sustainability goals 

and ensuring the facility 

is well-prepared for future 

industry developments and 

expansions.

BEUMER Group inaugurates new state-of-the-art manufacturing 
facility in Taicang, China
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Commitment to long-term 

partnership: By investing 

in local manufacturing and 

embracing advanced digital 

production techniques 

in China, BEUMER is 

strengthening its role as 

a long-term partner to 

customers in the region, 

offering them not only 

technologically advanced 

solutions but also the 

reliability of local support 

and supply. The company’s 

approach in China – as in 

other markets – is to build 

enduring relationships: 

with customers who can 

count on world-class 

products and services, with 

employees who benefit from 

growth and development 

opportunities, and with local 

communities and authorities 

who find in BEUMER a 

committed, responsible 

corporate citizen. Rudolf 

Hausladen noted that 

the foundation built over 

the past twenty years in 

China has been critical to 

the company’s success: 

“Our journey in China 

has always been about 

building trust and delivering 

excellence. This new facility 

is not just an investment 

in production capacity; it’s 

an investment in the next 

decades of partnership 

with our customers and 

in the development of 

our BEUMER footprint in 

China.”

New facility in Taicang, China, strengthens BEUMER’s global 

manufacturing network

New facility in Taicang, China, strengthens BEUMER’s global 

manufacturing network
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Trump admin keeps several coal plants running, smashing 
predictions of the end of coal
A few years ago, some 

were predicting coal use 

was coming to an end. 

Last year, global use hit 

record highs, and as the 

Trump administration delays 

planned retirements of 

several coal-fired power 

plants, the U.S. coal industry 

is optimistic about 2026. 

The Trump administration 

recently blocked plans to 

shut down a generator unit 

at a coal-fired power plant in 

Colorado. The order, which 

will keep the unit running 

through March 2026, cites 

analyses finding that the 

grid would be unable to 

supply enough electricity 

during periods of high 

demand, such as a major 

storm. 

“Keeping this coal plant 

online will ensure Americans 

maintain an affordable, 

reliable and secure supply 

of electricity. The Trump 

administration is committed 

to lowering energy costs 

and keeping American 

families safe,” Energy 

Secretary Chris Wright said 

in a statement. 

The Colorado unit wasn’t 

the only coal facility the 

administration preserved. 

On Dec. 17, Wright ordered 

the last coal power plant 

in Washington to remain 

operational. It was slated for 

retirement at the end of last 

month. 

On Christmas Eve, Wright 

also blocked the closure of 

two coal-fired power plants 

in Indiana, which were to 

be shuttered the following 

week. In November, Wright 

extended an order to keep 

a coal plant in Michigan 

running, the third such 

extension the energy 

secretary issued. 

Just a few years ago, 

activists were predicting that 

coal was on its last leg, but 

the administration’s support 

for fossil fuels, as well 

as developing countries’ 

hunger for cheap energy, 

are pushing the activists’ 

hopes of coal’s demise 

further into the future. 

Emily Arthun, CEO of the 

American Coal Council, 

told Just the News an 

adequate electricity supply 

is key to the success of 

American industry and the 

development of AI, and coal 

is still an important energy 

resource in meeting those 

needs. 

“The industry is very 

optimistic,” Arthun said. 

“We know there’s an energy 

crisis and that coal is a 

valuable player in stabilising 

the grid.”

Electricity emergency 

Coal produces more 

carbon-dioxide emissions 

than any other fossil fuels, 

making it the target of 

states such as Colorado 

that have aggressive 

emissions-reduction targets. 

The Colorado unit was 

scheduled to be shut down 

recently, and it was to be 

another step in the state’s 

goal to eliminate its six 

remaining coal-fired power 

plants by 2031. 

Wright’s orders cite an 

analysis by the DOE and 

the most recent long-term 

assessment by the North 

American Electric Reliability 

Corporation, the continent’s 

grid watchdog, showing 

the electricity supply is 

inadequate to meet periods 

of high demand. 

Under federal law, the 

Energy secretary has 

the authority when an 

emergency exists, including 

a shortage of electricity, 

to make temporary orders 

regarding electricity 

infrastructure to address the 

emergency. 

The Sierra Club 

commissioned Grid 

Strategies, a power-

sector consulting firm, to 

do a report on the costs 

of keeping the Colorado 

unit running. The report 

estimates conservatively 

that the unit will cost $85 

million annually, costs that 

will be passed onto rate 

payers. 

The report concludes that 

the costs can be avoided by 

retiring the unit as planned. 

However, it makes no policy 

recommendations, so it 

doesn’t explore the impacts 

on grid reliability if those 

446 megawatts the unit 

supplies were to be taken 

off the grid. 

The Sierra Club, 

which received $1 billion 

from billionaire Michael 

Bloomberg as part of 

a campaign to block 

consumers from accessing 

energy from fossil fuels, 

was quick to tout the study 

in its opposition to Wright’s 

orders. 

In its statement, the group 

proposes “affordable, clean 

energy” to address the 

problem, but states such as 

Colorado with renewable 

energy mandates pay 

higher electricity rates than 

those without. 

Forecasts see gradual 

decline

The International Energy 

Agency’s Coal 2025 report 

said that coal demand hit 

a record high last year. 

The agency predicts global 

coal demand will plateau 

in the coming years, then 

begin a slow decline 

through to 2030. But the 

IEA acknowledges that 

there is a lot of uncertainty 

in that prediction, which 

could reverse the decline or 

increase its rate. 

In the U.S., the report 

forecasts a decline in coal 

demand by 6% per year on 

average through 2030. 

“However, the rate of 
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Germany’s coal plants return to profit
The coal-fired power plants 

in Germany are profitable 

to run again amid surging 

electricity demand in a 

cold snap and a plunge in 

European carbon prices 

recently. 

Coal plants running on 

lignite, the dirtiest coal, 

returned to profit after 

carbon prices slumped by 

about 8% so far, following 

a jump in the previous 

week, analysts at Energy 

Aspects Ltd and LSEG told 

Bloomberg.

The plunge in carbon 

permit prices made coal-

fired power plants in 

Germany more profitable 

to run than gas-fired 

capacity, according to the 

analysts. 

Coal generation is now 

back to profit in Europe’s 

biggest economy, for the 

first time since November. 

The cold snap, soaring 

demand, and faltering 

renewable output, 

especially solar in the 

winter, have resulted in coal 

and gas plants meeting 

almost half of Germany’s 

electricity demand, as shown 

from data from Fraunhofer 

ISE. 

Germany looks to phase 

out coal-fired power capacity 

by 2030, but it continues to 

rely on coal power plants 

when demand is high and 

renewable output low in the 

winter. 

At the end of last year, 

Germany’s ruling coalition 

slashed in half the capacity 

of new natural gas-fired 

power plants it aims 

to tender by 2032 in a 

significant scale-down from 

the previously planned 20 

GW of new gas capacity. 

The governing coalition led 

by conservative Chancellor 

Friedrich Merz has reached 

a compromise on the energy 

policy as Europe’s biggest 

economy looks to balance 

energy security with its 

decarbonisation goals. 

The government will 

tender 10 GW of new gas-

fired capacity by 2032, to 

serve as flexible backup 

to wind and solar energy, 

as Germany also looks to 

phase out coal-fired power 

capacity by 2030. 

Germany, which in 2023 

closed all its remaining 

nuclear power plants – is 

now seeking to balance the 

generation and transmission 

systems with new gas power 

plants.

decline in US coal use 

could be slower if electricity 

demand is higher than 

expected or if coal plant 

retirements stall,” the report 

states. 

In the U.S., much of the 

electricity sector has been 

gradually transitioning from 

coal to natural gas, which 

produces about half the 

emissions of coal. The plant 

in Washington was to be 

converted to run on natural 

gas,  but Wright’s order 

will keep it running through 

March. 

This transition, however, 

could be impeded by 

the lead times for new 

gas turbines that have 

increased to several years.  

Without gas turbines, new 

gas plants can’t be built 

and coal plants can’t be 

converted to gas. 

Extensions and lawsuits 

With assessments showing 

increasing electricity 

resource inadequacy, 

delayed coal plant 

retirements will help 

shore up supplies until 

the turbines are delivered. 

While the emergency orders 

keeping the Colorado, 

Washington and Indian 

plants alive will expire in 

March. With the order on 

the Michigan plant have 

been extended three times, 

it appears likely Wright will 

extend the other orders as 

well. 

A coalition of anti-

fossil fuel groups, led by 

Earthjustice and the Sierra 

Club, filed a lawsuit in the 

U.S. Court of Appeals for 

the District of Columbia, 

arguing that by renewing 

the temporary orders, the 

DOE is violating the law. 

As that case – and 

possibly others to be 

filed in the future – wind 

through courts, the Trump 

administration is moving 

full-steam-ahead on coal. 

In December, 

Trump signed several 

Congressional Review Act 

resolutions that reversed 

Resource Management 

Plan Amendments 

enacted by the Biden 

administration’s Bureau of 

Land Management. The 

amendment for the Buffalo 

Field Office would have 

greatly reduced federal coal 

leasing in Wyoming, which 

produces 40% of the coal 

burned in U.S. power plants. 

Travis Deti, executive 

director of the Wyoming 

Mining Association, told Just 

the News that everything 

from data centers to electric 

vehicles are going to 

increase electricity demand 

in the U.S. in the coming 

years, and coal is going 

to be needed to meet that 

demand. 

“President Trump gets 

this,” Deti said. “In the short 

term, keeping existing coal 

plants from early retirement 

to prevent shortages is 

a wise thing to do and a 

welcome change from the 

destructive policies of the 

previous administration.”

He also said Wyoming 

saw a 7% increase in 

production over the previous 

year and that there’s a lot 

of optimism in the state’s 

industry about 2026. 

“Reports of the demise 

of the American coal 

industry have been greatly 

exaggerated,” Deti said. 
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oal mining, long associated with 

high-risk environments and complex 

operational hazards, is undergoing a 

transformative shift. Thanks to cutting-

edge technologies and intelligent 

systems, safety standards are 

reaching unprecedented levels. From 

autonomous equipment and predictive analytics to real-

time monitoring and automated emergency simulations, 

modern coal mines are now equipped to anticipate danger, 

respond faster, and protect workers more effectively 

than ever before. Gordon Barratt of Coal International 

explores how innovation is reshaping safety in the coal 

sector – ushering in a new era of precision, prevention, 

and resilience underground.

AI-POWERED HAZARD PREDICTION

• Artificial intelligence now analyses sensor data to 

predict potential hazards like roof collapses, gas leaks, 

or equipment failure.

• These systems can alert workers in real time, allowing 

for preventive action before accidents occur.

ARTIFICIAL INTELLIGENCE IN COAL MINING: PREDICTING 

HAZARDS BEFORE THEY HAPPEN

The coal mining industry has long operated in one of the 

most challenging and hazardous environments on earth. 

Roof collapses, gas leaks, and equipment failures remain 

persistent threats, even as modern mines adopt increasingly 

sophisticated engineering controls. Today, however, a new 

layer of protection is emerging: artificial intelligence (AI). 

By analysing vast streams of sensor data in real time, AI 

systems are transforming hazard prediction from a reactive 

process into a proactive, preventative capability.

FROM MONITORING TO ANTICIPATION

Traditional mine monitoring systems rely on fixed thresholds 

– gas concentrations, roof-support pressures, vibration 

levels – that trigger alarms when conditions exceed safe 

limits. While effective, these systems only respond once a 

hazard is already developing.

AI changes this paradigm. Machine-learning models can 

process data from thousands of sensors simultaneously, 

identifying subtle patterns and correlations that human 

operators or conventional systems would miss. Instead of 

waiting for a dangerous condition to occur, AI can detect 

the early signatures of instability or equipment degradation 

and issue warnings well in advance.

PREDICTING ROOF INSTABILITY

Roof collapses remain one of the most severe risks in 

underground coal mining. AI-driven systems analyse data from:

•  Geotechnical sensors measuring stress, strain, and 

displacement

•  Seismic monitoring arrays detecting micro-fractures

•  Support-system load cells tracking changes in roof-bolt 

tension

By learning how these variables behave before a collapse, 

AI models can forecast instability hours – or even days – 

C

Cutting edge technologies 
reshaping the coal 
industry
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before visible signs appear. This allows crews to reinforce 

supports, adjust mining sequences, or evacuate areas long 

before conditions become critical.

EARLY DETECTION OF GAS HAZARDS

Methane and other gases pose constant threats in coal 

mines. AI enhances gas-monitoring systems by:

•  Recognising abnormal gas-release patterns

•  Correlating gas levels with ventilation performance

•  Identifying equipment or geological conditions that 

precede sudden emissions

Instead of reacting to a spike in methane concentration, 

AI can warn operators when the probability of a gas 

outburst is rising, enabling timely ventilation adjustments or 

operational pauses.

PREVENTING EQUIPMENT FAILURE

Modern coal mines rely on complex machinery – longwall 

shearers, conveyors, pumps, and ventilation fans. AI-based 

predictive maintenance uses sensor data such as:

•  Vibration signatures

•  Motor temperatures

•  Hydraulic pressures

•  Power-draw fluctuations

Machine-learning models detect deviations from normal 

operating behaviour, predicting failures before they occur. 

This reduces downtime, prevents costly breakdowns, 

and enhances worker safety by avoiding catastrophic 

mechanical incidents.

BUILDING THE INTELLIGENT MINE

The integration of AI into coal mining is part of a broader 

shift toward the “intelligent mine,” where digital systems 

support safer, more efficient operations. Key components 

include:

•  Real-time data platforms that unify sensor streams

•  Edge computing for rapid on-site analysis

•  Autonomous decision-support systems that recommend 

or initiate safety actions

•  Digital twins that simulate mine conditions and predict 

future scenarios

Together, these technologies create a mining environment 

where hazards are not just monitored – they are anticipated 

and mitigated before they can cause harm.

A SAFER FUTURE UNDERGROUND

AI does not replace the expertise of miners, engineers, 

or safety professionals. Instead, it enhances their 

ability to make informed decisions in complex, dynamic 
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environments. By turning raw sensor data into actionable 

insights, AI offers a powerful tool for reducing accidents, 

protecting workers, and improving the overall sustainability 

of coal mining operations.

As the industry continues to modernise, predictive 

intelligence will become a cornerstone of mine safety – 

helping ensure that the mines of the future are not only 

more productive, but fundamentally safer for everyone who 

works within them.

AUTONOMOUS VEHICLES & ROBOTICS

• Self-driving haul trucks and robotic drilling rigs are being 

deployed to remove workers from high-risk zones.

• These machines operate with precision and reduce 

exposure to dust, noise, and unstable terrain.

AUTONOMOUS MINING: HOW SELF-DRIVING HAUL TRUCKS AND 

ROBOTIC DRILLING RIGS ARE REDEFINING SAFETY

The mining industry is undergoing one of the most 

significant technological transformations in its history. As 

operations push deeper, equipment grows larger, and 

production demands intensify, the risks to workers have 

never been more complex. In response, mines around the 

world are turning to automation  –  particularly self-driving 

haul trucks and robotic drilling rigs  –  to remove personnel 

from the most hazardous zones while improving efficiency 

and consistency.

WHY AUTOMATION MATTERS IN HIGH-RISK MINING ZONES

Coal and hard-rock mines expose workers to a range of 

dangers: unstable ground conditions, heavy equipment 

interactions, blasting operations, and unpredictable 

geological behaviour. Traditionally, haul truck drivers and 

drill operators have worked at the very heart of these risks

Autonomous systems fundamentally change this dynamic. 

By relocating operators to remote control rooms  –  or 

eliminating the need for human operators entirely  –  mines 

can dramatically reduce exposure to:

• Rockfalls and roof collapses

• Vehicle collisions

• Dust, noise, and vibration

• Gas accumulations and blast-related hazards

Automation is not just a productivity tool; it is a safety 

revolution.

SELF-DRIVING HAUL TRUCKS: PRECISION ON EVERY CYCLE

Autonomous haul trucks are now operating in large open-pit 

mines, navigating haul roads, loading points, and dumping 

areas without a driver in the cab. These trucks rely on:

• Lidar and radar arrays to detect obstacles

• GPS and inertial navigation for precise positioning

• Onboard AI to optimise routes and adapt to changing 

conditions

• Fleet-management systems that coordinate multiple 

vehicles simultaneously

The result is a consistent, predictable haul cycle that reduces 

fuel consumption, minimises tyre wear, and eliminates 

human-factor errors such as fatigue or distraction.

ROBOTIC DRILLING RIGS: ACCURACY WITHOUT EXPOSURE

Drilling is one of the most hazardous tasks in mining, 

especially in areas with unstable ground or high gas 

concentrations. Robotic drilling rigs remove the operator 

from the danger zone by performing tasks autonomously 

or via remote control.
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Modern rigs can:

• Position themselves with centimetre-level accuracy

• Drill blast holes or exploration holes according to digital 

plans

• Adjust drilling parameters in real time based 

on rock feedback

• Operate continuously with minimal downtime

By automating drilling, mines achieve more 

uniform blast patterns, reduced overbreak, and 

improved fragmentation  –  all while keeping 

workers out of harm’s way.

BUILDING THE AUTONOMOUS MINE OF THE FUTURE

The deployment of self-driving trucks and robotic 

drilling rigs is only the beginning. As mines integrate 

more sensors, digital twins, and AI-driven decision 

systems, the vision of a fully autonomous mine 

becomes increasingly realistic.

KEY DEVELOPMENTS ON THE HORIZON INCLUDE:

• Integrated autonomous fleets where trucks, 

drills, dozers, and loaders coordinate 

seamlessly

• Real-time hazard prediction using 

machine-learning models

• Remote operations centres managing multiple 

mines from a single location

• Zero-entry mining, where humans rarely enter 

active production zones

These technologies promise not only safer operations but 

also more sustainable and efficient mining practices.



16      Coal International • January-February 2026

LATEST INNOVATIONS

A SAFER, SMARTER MINING INDUSTRY

The shift toward autonomous equipment marks a turning 

point for mining safety. By removing workers from high-risk 

environments and placing them in supervisory or analytical 

roles, the industry is redefining what safe production looks 

like.

Self-driving haul trucks and robotic drilling rigs are more 

than machines  –  they are the foundation of a new mining 

paradigm where technology and safety advance hand in 

hand.

REAL-TIME TRACKING & COMMUNICATION

• Advanced tracking systems monitor the exact location 

of personnel and equipment, improving emergency 

response times.

• Seamless communication networks ensure instant 

alerts and coordination across the site.

INFRARED THERMAL CAMERAS

• These cameras detect heat signatures in low-

visibility environments, helping operators spot people, 

machinery, or hazards even in dust or darkness.

• They’re especially useful in underground mines where 

visibility is limited.

INTELLIGENT SIGNAGE SYSTEMS

• Radar-based illuminated signs like Safe Stop detect 

oncoming vehicles and flash directional signals to 

prevent collisions at intersections.

• These systems adapt dynamically to traffic flow, 

improving safety in surface mining operations.

RADAR-BASED ILLUMINATED SIGNS: PREVENTING COLLISIONS 

WITH SMART DETECTION

In high-risk industrial zones and remote mining sites, 

intersections between haul roads and access routes 

pose serious safety challenges. Traditional signage often 

fails to alert drivers in time, especially in low-visibility 

conditions or when large vehicles are involved. Radar-

based illuminated signs – such as the Safe Stop system – 

are transforming intersection safety by actively detecting 

oncoming vehicles and flashing directional signals to 

prevent collisions.

HOW IT WORKS

These systems use radar sensors to monitor vehicle 

movement within a defined detection zone. When an 

approaching vehicle is identified, the sign activates high-

intensity LED arrows or stop indicators to warn cross-

traffic. Unlike passive signs, radar-based systems respond 

dynamically to real-time traffic conditions.

Key features include:

• Directional LED signals that flash based on vehicle 

approach angle

• Long-range radar detection for early warning

• Weather-resistant design for harsh environments

• Low-power operation suitable for solar deployment

APPLICATIONS IN MINING AND CONSTRUCTION

Safe Stop and similar systems are increasingly deployed 

at haul road intersections, equipment crossings, and blind 

corners in mining operations. By removing reliance on 

driver judgment alone, these signs reduce the likelihood of 

vehicle collisions and improve overall site safety.

TOWARD SMARTER INFRASTRUCTURE

Radar-based illuminated signs represent a step toward 

intelligent infrastructure – where real-time data and 

automated responses enhance safety without human 

intervention. As industrial sites continue to digitise, such 

systems will play a vital role in protecting workers and 

equipment in dynamic, high-risk environments.

Automated Shaft Inspection

• Platforms like Point. Laz use 3D laser scanning to inspect 

mine shafts weekly, replacing manual inspections.

• This reduces downtime and enhances safety by 

identifying structural issues early.

3D LASER SCANNING PLATFORMS REVOLUTIONISE MINE 

SHAFT INSPECTIONS

In coal mining, the structural integrity of mine shafts is critical 

to both safety and productivity. Traditionally, inspections 

have relied on manual surveys conducted by personnel 

entering confined, high-risk environments. Today, platforms 

like Point.Laz are transforming this process through the 

use of advanced 3D laser scanning technology.

WEEKLY INSPECTIONS WITHOUT HUMAN ENTRY

Point.Laz and similar systems deploy high-resolution laser 

scanners mounted on autonomous or remotely operated 

platforms. These devices capture millions of data points 

within minutes, generating detailed three-dimensional 

models of mine shaft geometry, surface conditions, and 

structural anomalies. By conducting weekly scans, operators 

3D laser scanning platform inspecting a coal mine shaft.



Coal International • January-February 2026      17

LATEST INNOVATIONS

can monitor shaft conditions with unprecedented frequency 

and precision – without sending workers underground.

Advantages Over Manual Methods

• Safety: Eliminates the need for personnel to enter 

unstable or confined spaces

• Speed: Scans are completed in a fraction of the time 

required for manual inspections

• Accuracy: Millimetre-level resolution enables early 

detection of deformation, cracking, or water ingress

• Data continuity: Weekly scans allow for time-series 

analysis and predictive maintenance

TOWARD PREDICTIVE SHAFT MANAGEMENT

The integration of 3D scanning with AI-based analytics 

enables predictive modelling of shaft stability. Mines 

can now anticipate structural risks before they escalate, 

schedule targeted repairs, and optimise ventilation and 

support systems based on real-time geometry.

As coal operations continue to modernise, platforms like Point.

Laz exemplify how digital tools are replacing manual routines 

– making mining safer, smarter, and more sustainable.

SMART VENTILATION SYSTEMS

New ventilation tech adjusts airflow based on real-time 

gas and temperature data, keeping air quality optimal and 

reducing explosion risks.

These innovations are not just tech upgrades – they’re life-

saving shifts in how coal mining is done. If you’d like, I can 

show how these compare to safety practices in other types 

of mining or explore which countries are leading the charge.

The shift from traditional to modern safety innovations in 

coal mining is like upgrading from a flip phone to a smart 

device: the fundamentals remain, but the capabilities are 

radically enhanced.

TRADITIONAL SAFETY MEASURES

The shift from traditional to modern safety innovations in 

coal mining is like upgrading from a flip phone to a smart 

device: the fundamentals remain, but the capabilities are 

radically enhanced.

IMPACT COMPARISON

• Accident Rates: Intelligent mining has reduced 

fatalities by up to 66.9% and injuries by 33% in large 

coal mines.

• Efficiency: Fewer workers are needed in hazardous 

zones – down from 20-30 to just 5-7 per shift.

• Response Time: Real-time systems drastically cut 

down emergency reaction delays.

In essence, traditional methods laid the groundwork, but 

modern innovations are transforming coal mining into a 

data-driven, proactive, and safer industry. 

These innovations are revolutionising miner training by making 

it smarter, safer, and more immersive – a major upgrade from 

traditional classroom-style instruction. Here's how:

AI-ENHANCED TRAINING PROGRAMS

• AI analyses real-time data from mining operations to 

customise training modules based on actual risks and 

performance gaps.

• It helps simulate complex scenarios miners might face, 

improving decision-making under pressure.

VIRTUAL REALITY (VR) & AUGMENTED REALITY (AR)

• VR immerses trainees in realistic underground 

environments, allowing them to practice emergency 

responses, equipment handling, and hazard recognition 

without any physical risk.

• AR overlays digital instructions onto real-world tasks, 

guiding miners step-by-step during live training drills.

DIGITAL DASHBOARDS & SMART WEARABLES

• Wearables track biometrics and environmental 

exposure, feeding data into dashboards that monitor 

individual progress and flag safety concerns.

• Trainers can adjust programs in real time based on fatigue, 

stress levels, or exposure to hazardous conditions.

AUTOMATED EMERGENCY SIMULATIONS

• Innovations like intelligent signage and autonomous 

systems allow for live drills that mimic real emergencies 

Feature Description

Manual Inspections Workers physically inspect shafts, equipment, and ventilation systems.

Basic PPE Helmets, boots, masks – essential but limited in hazard detection.

Paper Based Reporting Incident logs and safety checks recorded manually, often with delays.

Fixed Ventilation Airflow systems set manually, not responsive to real-time conditions.

Human Driven Emergency responses Relies on experience and reaction time during crises.

Feature Description

AI and Predictive Analytics Anticipates hazards before they occur using real-time data.

Smart PPE and Wearables Monitors vitals, location, and environmental conditions.

Digital Dashboards Centralised, real-time safety monitoring and reporting.

Dynamic Ventilation Systems Adjusts airflow based on gas levels and temperature.

Autonomous Emergency Protocols Automated alerts, evacuation routes, and robotic assistance.

Modern Safety Innovations

Traditional Safety Measures
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– fires, gas leaks, or cave-ins – without endangering 

workers.

• These drills improve reflexes and coordination, 

especially in high-stress scenarios.

INTEGRATED SAFETY MANAGEMENT SYSTEMS

• Modern safety management science promotes 

continuous learning, integrating training with daily 

operations and emergency protocols.

• This ensures miners are not just trained once but constantly 

updated as new technologies and risks emerge.

AUTOMATED EMERGENCY SIMULATIONS

• Innovations like intelligent signage and autonomous 

systems allow for live drills that mimic real emergencies 

– fires, gas leaks, or cave-ins – without endangering 

workers.

• These drills improve reflexes and coordination, 

especially in high-stress scenarios.

Here’s a short article on automated emergency simulations 

in coal mining, complete with a visual diagram to illustrate 

the concept:

AUTOMATED EMERGENCY SIMULATIONS IN COAL MINING: 

ENHANCING PREPAREDNESS UNDERGROUND

Coal mining remains one of the most hazardous industrial 

sectors, where rapid response to emergencies such as 

gas leaks, fires, and roof collapses is critical. To improve 

preparedness and reduce human risk, mining operations 

are increasingly adopting automated emergency simulation 

systems.

These systems use digital platforms to simulate high-risk 

scenarios in virtual environments, allowing workers to train 

in realistic conditions without exposure to actual danger. 

Simulations can include gas dispersal modelling, fire 

propagation, evacuation route optimisation, and equipment 

failure response.

AUTOMATED EMERGENCY SIMULATIONS IN COAL MINING

Key Features of Automated Emergency Simulations

• Scenario Generation: Simulates events like methane 

leaks, conveyor fires, or tunnel collapses using real 

mine data

• Evacuation Planning: Models optimal escape routes 

based on airflow, obstructions, and personnel location

• Response Training: Allows workers to practice decision-

making under pressure using digital avatars and control 

room interfaces

• System Integration: Connects with gas sensors, 

ventilation systems, and communication networks for 

real-time feedback

Benefits for Coal Operations

•  Reduces reliance on live drills in hazardous zones

•  Enhances team coordination and situational awareness

•  Enables predictive analysis of emergency outcomes

•  Supports regulatory compliance and safety audits

Automated emergency simulations are not just training 

tools – they are strategic assets that help coal mines build 

a culture of safety, readiness, and resilience.
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nderground mining environments 

present a wide spectrum of hazards to 

workers, ranging from structural collapse 

and flooding to explosions. Among these 

risks, airborne dust remains one of the 

most persistent and difficult to manage. 

Generated in large volumes by drilling, 

blasting, and material handling operations, dust poses serious 

health and safety concerns. Over the past decades, numerous 

techniques have been developed to mitigate dust exposure, 

and more recently, novel approaches employing advanced 

technologies have been proposed. Despite these efforts, 

dust control remains a formidable challenge. Gordon Barratt 

of Coal International details some of the preventative 

measures to ensure mine worker safety on site.

Most conventional dust suppression methods achieve 

reductions in the range of 25-50% of respirable dust. 

While this represents a meaningful improvement, it is 

often insufficient to meet regulatory compliance standards. 

As a result, mine operators typically employ multiple 

control strategies simultaneously, sometimes without 

clear evidence of which measures are most effective. 

This uncertainty is compounded by inherent variability: 

dust sampling carries an estimated 25% margin of error, 

while day-to-day dust generation in the same mine can 

fluctuate by as much as 50%. Nevertheless, industry 

consensus has identified three principal categories of dust 

control – ventilation, water application, and dust collection 

– supplemented by preventative strategies that minimise 

material disruption and breakage.

VENTILATION SYSTEMS USED IN MINE SHAFTS

Effective ventilation is one of the most critical engineering 

systems in any underground mine. It ensures a continuous 

supply of fresh air, dilutes hazardous gases, removes 

dust, and regulates temperature to maintain safe working 

conditions. Modern ventilation systems combine large-

scale primary fans, strategically placed shafts, and auxiliary 

distribution networks to deliver controlled airflow throughout 

complex underground workings.

PURPOSE OF MINE VENTILATION

Underground environments accumulate contaminants from 

diesel equipment, blasting fumes, geological emissions, and 

human activity. Ventilation systems are designed to dilute 

and remove gases such as methane, carbon monoxide, 

nitrogen oxides, and carbon dioxide, while maintaining 

oxygen levels above regulatory thresholds. In coal mines, 

ventilation also prevents methane from reaching explosive 

concentrations, typically between 5-15%.

Primary Ventilation: Flow‑Through Systems

The backbone of any mine ventilation network is the flow-through 

system, which moves large volumes of air from the surface 

through intake shafts or raises. Key features include:

•  Main fans at the surface that push or pull air through the 

mine’s primary circuits

•  Ventilation shafts that act as intakes or returns, 

depending on the airflow design

•  Regulators and stoppings that control airflow direction 

and pressure

Dust hazards and control 
strategies in underground 
mining

U
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•  Internal raises and ramps that distribute air to different 

levels and districts

This system ensures that fresh air reaches all active areas 

before being exhausted through return shafts.

AUXILIARY VENTILATION

While primary ventilation handles bulk airflow, auxiliary 

systems deliver air to development headings, dead-ends, 

and isolated work areas. These systems typically include:

•  Auxiliary fans mounted temporarily in working areas

•  Venturi tubes or ducting (fabric or steel) to channel air 

directly to the face

•  Forcing systems, which push fresh air into headings

•  Exhausting systems, which remove contaminated air 

from confined zones

Auxiliary ventilation is essential in dynamic mining 

environments where headings advance rapidly.

VENTILATION CONTROL AND EFFICIENCY

Ventilation engineers must balance airflow volume, pressure, 

and energy consumption. Ventilation fans can account for up to 

one-third of a mine’s total electrical power use, making efficiency 

a major design consideration. Variable-speed drives, improved 

ducting, and optimised circuit layouts help reduce energy 

demand while maintaining regulatory air-quality standards.

ENVIRONMENTAL CONSIDERATIONS

In coal mines, ventilation systems also manage ventilation 

air methane (VAM) – a dilute methane stream exhausted 

through return shafts. Although methane concentrations 

are typically below 1%, VAM can represent up to 70% of 

total methane emissions from underground coal mines. 

Emerging technologies aim to oxidise or capture this 

methane to reduce greenhouse-gas impacts.

CONCLUSION

Dust control in underground mining is a complex and 

evolving discipline. While water sprays and dust collection 

systems play important roles, ventilation – particularly 

displacement ventilation – remains the most effective 

means of safeguarding workers. The challenges of airflow 

management, turbulence reduction, and sampling variability 

underscore the need for continued innovation and rigorous 

application of engineering principles. As mining operations 

advance, integrating preventative strategies with proven 

ventilation techniques will be essential to achieving 

compliance standards and protecting worker health in one 

of the most hazardous industrial environments.

DUST HAZARDS AND CONTROL STRATEGIES IN UNDERGROUND 

MINING

Underground mining environments present a wide spectrum 

of hazards to workers, ranging from structural collapse and 

flooding to explosions. Among these risks, airborne dust 

remains one of the most persistent and difficult to manage. 

Generated in large volumes by drilling, blasting, and 

material handling operations, dust poses serious health 

and safety concerns. Over the past decades, numerous 

techniques have been developed to mitigate dust exposure, 

and more recently, novel approaches employing advanced 

technologies have been proposed. Despite these efforts, 

dust control remains a formidable challenge.

Most conventional dust suppression methods achieve 

reductions in the range of 25-50% of respirable dust. While this 

represents a meaningful improvement, it is often insufficient 

to meet regulatory compliance standards. As a result, 

mine operators typically employ multiple control strategies 

simultaneously, sometimes without clear evidence of which 

measures are most effective. This uncertainty is compounded 

by inherent variability: dust sampling carries an estimated 

25% margin of error, while day-to-day dust generation in the 

same mine can fluctuate by as much as 50%. Nevertheless, 

industry consensus has identified three principal categories 

of dust control – ventilation, water application, and dust 

collection – supplemented by preventative strategies that 

minimise material disruption and breakage.

VENTILATION IN MINE SHAFTS

Ventilation remains the cornerstone of dust control in 

underground mines. Properly designed systems serve 

two critical functions: dilution and displacement. Dilution 

involves introducing clean air to reduce the concentration 

of dust particles, while displacement ensures that dust is 

carried downwind, away from workers. The effectiveness 

of dilution is directly proportional to airflow volume, yet 

increasing airflow is both technically demanding and 

financially costly. Air velocities approaching 1 km per minute 

within ductwork or shafts present particular challenges, as 

further dilution becomes increasingly difficult to achieve.

Displacement ventilation, by contrast, focuses on confining 

dust at its source and directing it away from personnel. This 

technique is commonly applied at continuous miner faces and 

tunnel boring machines operating under exhaust ventilation. 

Another example is the enclosure of dust-generating transfer 

points, such as conveyor belt junctions, where contaminated 

air is extracted directly from the enclosure. However, 

displacement ventilation is not without obstacles. When 

workers operate within three to five meters of a dust source, 

air velocities of up to 50 m/minute may be required to maintain 

effective downwind displacement. In many underground 

settings, such airflow volumes are simply unattainable.

To address these limitations, two engineering strategies are 

employed. First, reducing the cross-sectional area of the 

air course between the dust source and workers increases 

air velocity, thereby improving confinement. Second, 

minimising turbulence at the dust source reduces eddy 

currents that can push dust upwind toward workers. By 

lowering turbulence, less airflow is required to contain dust 

clouds effectively. These measures enhance the reliability 

of displacement ventilation, making it the most effective 

dust control strategy currently available.

WATER-BASED SUPPRESSION

Water application is one of the most widely used dust 

suppression techniques in mining. By wetting surfaces 

and airborne particles, water reduces dust liberation and 

enhances particle agglomeration, causing dust to settle 

more quickly. Water sprays are commonly deployed 
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at drilling rigs, conveyor transfer points, and loading 

operations. In addition, high-pressure misting systems can 

generate fine droplets that capture respirable dust particles, 

binding them into larger aggregates that fall out of the air.

The effectiveness of water-based suppression depends on 

several factors, including droplet size, spray pressure, and 

the chemical composition of the water. Additives such as 

surfactants or wetting agents are often introduced to improve 

water penetration into hydrophobic coal dust or fine mineral 

particles. However, water suppression has limitations. 

Excessive water application can lead to operational 

inefficiencies, including equipment corrosion, reduced 

visibility, and increased slurry management requirements. 

Furthermore, in arid or water-scarce regions, the availability 

of sufficient water supplies poses a significant constraint. 

Despite these challenges, water-based suppression remains 

a practical and cost-effective method, particularly when 

integrated with ventilation and dust collection systems.

DUST COLLECTION SYSTEMS IN UNDERGROUND COAL MINES: A 

TECHNICAL OVERVIEW

Dust control is a fundamental requirement in underground 

coal mining, where cutting, loading, and conveying 

operations generate significant quantities of respirable 

coal and silica particles. In the confined geometry of 

underground workings, these particulates accumulate 

rapidly and pose well-documented risks to worker health, 

equipment reliability, and regulatory compliance. Dust 

collection systems therefore serve as a critical engineering 

control, complementing primary ventilation and suppression 

technologies to maintain safe atmospheric conditions.

At the core of any dust-collection strategy is the principle 

of capturing airborne particulates as close as possible to 

their point of generation. This approach reduces the burden 

on mine-wide ventilation circuits and prevents dust from 

dispersing into travel ways and return-air streams. The most 

widely used technology for this purpose is the baghouse 

dust collector, which employs fabric filter elements to 

separate fine dust from the airstream. 

These systems are typically installed at high-volume 

emission points such as crushers, screens, and conveyor 

transfer stations. Pulse-jet cleaning mechanisms maintain 

filter permeability, ensuring consistent airflow and stable 

pressure conditions.

In production and development headings, local exhaust 

ventilation (LEV) plays a central role. LEV systems use hoods 

or shrouds positioned near cutting heads, loading points, or 

discharge chutes to capture dust-laden air before it disperses. 

The captured air is conveyed through ducting to a dedicated 

collector, often a compact baghouse or cartridge-filter unit. 

Because headings are frequently dead-end environments 

with limited airflow, LEV systems must be carefully sized to 

maintain adequate capture velocities and avoid recirculation 

zones where dust can accumulate.

Advancing headings also rely on ducted extraction systems, 

which pair auxiliary fans with flexible or steel ducting to 

remove dust from confined spaces. These systems must 

be repositioned regularly as the face advances, and their 

performance is highly sensitive to duct integrity, leakage, and 

pressure losses. In many mines, extraction is combined with 

low-moisture suppression technologies to reduce the amount 

of dust becoming airborne, improving overall system efficiency.

Despite their effectiveness, dust collection systems face 

several engineering challenges. Coal and silica dusts are 

abrasive, accelerating wear on ducting, fans, and filter media. 

Pressure balancing is critical: poorly integrated collectors 

can disrupt primary ventilation circuits or inadvertently draw 

contaminants into intake airways. Maintenance demands 

are significant, requiring regular inspection of filters, seals, 

and duct connections to prevent performance degradation. 

Energy consumption is another key consideration, as fans and 

collectors contribute substantially to a mine’s electrical load.
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Effective dust control therefore depends not on isolated 

equipment installations but on integrated system design. 

Dust collectors must be engineered in concert with 

ventilation layouts, airflow regulators, and monitoring 

systems. Real-time dust sensors, increasingly common in 

modern operations, provide feedback that allows engineers 

to verify system performance and adjust ventilation or 

extraction rates as conditions change.

In summary, dust collection systems are indispensable 

components of underground coal-mine ventilation networks. 

When properly designed, maintained, and integrated, they 

significantly reduce respirable dust exposure, enhance 

visibility, and support compliance with stringent occupational 

health standards. Their effectiveness ultimately reflects the 

quality of engineering design, operational discipline, and 

continuous monitoring that underpin safe and efficient 

underground mining.

CONCLUSION

Dust collection systems are indispensable components 

of modern underground coal-mine ventilation and 

health-protection strategies. By capturing respirable 

coal and silica particles at their source, these systems 

significantly reduce worker exposure, improve visibility, and 

support compliance with increasingly stringent regulatory 

standards. Their effectiveness, however, depends on careful 

engineering: collectors must be properly sized, integrated with 

primary and auxiliary ventilation, and maintained to withstand 

the abrasive and dynamic conditions of underground 

operations. As mines adopt real-time monitoring, more 

efficient filtration technologies, and predictive maintenance 

practices, dust-control performance will continue to improve. 

Ultimately, the reliability of dust collection systems reflects 

the broader commitment to safe, efficient, and sustainable 

underground coal mining.

ADVANCED TECHNOLOGIES FOR MINE DUST PREVENTION AND 

CONTROL

Coal remains one of the most abundant and widely 

distributed fossil energy resources worldwide, and ensuring 

safe extraction is essential for the long-term sustainability 

of coal production. During mining and transportation, 

substantial quantities of dust are generated, and in many 

operations the concentration of airborne particles far 

exceeds recommended limits. In fully mechanised mining 

faces, dust levels can reach approximately 2000 mg/m³, 

with respirable dust typically representing around one-fifth 

of the total particulate matter produced. As a result, 

effective dust prevention and control has become a central 

priority for improving underground working conditions and 

safeguarding the health and safety of mine workers.

Recent research has broadened the understanding of 

dust generation mechanisms and the environmental 

behaviour of particulate matter in both underground and 

surface mining environments. Studies have examined 

long-term dust pollution patterns, seasonal variations in 

dust concentration, and the influence of meteorological 

and operational factors. Advanced modelling techniques 

– such as particle-trajectory simulations – have been 

used to predict dust dispersion within and beyond mine 

boundaries, supporting the development of more efficient 

and environmentally responsible mining plans.

Innovative engineering solutions have also emerged. 

One example is a semi-enclosed air-curtain dust control 

system designed to improve conditions for shearer 

operators. Experimental evaluations have shown that 

this device can create a localised air chamber around 

the operator’s workspace without disrupting the overall 

ventilation system. By forming a controlled airflow barrier, it 

significantly reduces dust exposure, achieving an effective 

dust-suppression rate of more than 60%.

New foam-based dust suppression technologies have gained 

significant attention in recent years, largely because they 

offer a wide dust-capture surface, strong adhesion, and 

rapid wetting performance. One newly developed system 

incorporates a self-priming mechanism that enhances the 

foam generator, distribution bracket, and nozzle configuration. 
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This design allows the system to draw in air and foaming 

agent automatically using high-pressure water flow.

To improve performance at the dust source, the 

foam-spraying structure was further refined to deliver a 

more concentrated and uniform application. By eliminating 

external auxiliary equipment and simplifying the excavation 

setup, the system increases both dust-suppression 

efficiency and the effective use of foam.

Research on mine dust control has expanded rapidly in 

recent years. This growing interest stems partly from the 

essential role of coal as a major fossil energy resource 

and the significant occupational health and safety risks 

associated with coal mining. At the same time, solid 

waste generated from coal combustion has potential 

value in various industrial applications, and dust-control 

technologies can be adapted across multiple fields. Against 

this backdrop, this Special Issue brings together recent 

advances in mine dust mitigation and the utilisation of 

coal-related solid waste.

Recent work has reviewed the latest understanding of 

pneumoconiosis in coal workers, including its underlying 

mechanisms, characteristic pathological features, and 

commonly used animal models. Current research still faces 

several challenges, such as the difficulty of observing lesion 

development dynamically and comprehensively. Alongside 

this, a range of dust-control strategies has been summarised, 

covering ventilation-based dust removal, spray-based 

suppression, chemical and foam-based methods, and 

wet-spraying technologies. New spraying techniques and 

recently developed equipment for mine dust control have 

also been introduced, along with proposed directions for 

future research aimed at preventing pneumoconiosis and 

improving dust-suppression practices.

Other studies have focused on transforming industrial solid 

waste into functional materials. By modifying several types 

of solid waste to increase porosity and enhance loading 

capacity, researchers have created composite powder 

materials that serve as effective explosion suppressants. 

These materials, produced through processes such as 
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solvent crystallisation and dry-ball milling, demonstrate 

strong suppression performance in coal-dust explosions. 

Their effectiveness is attributed to the cooling action of 

active powders during pyrolysis and the flame-quenching 

effect of fine particles generated during the reaction. 

Although laboratory-scale production remains relatively 

costly, large-scale industrial manufacturing has the potential 

to significantly reduce expenses, opening new pathways 

for the beneficial use of industrial solid waste.

Further developments include the creation of a slag-based 

composite powder suppressant derived from modified 

waste-incineration slag combined with sodium bicarbonate 

using a wet-coating crystallisation process. Experimental 

evaluations have shown that this material effectively 

suppresses oil-shale dust explosions. Its mechanism 

involves forming a coating layer around dust particles, 

competing with oxygen to create an inert atmosphere, and 

lowering the temperature of the explosion environment. 

Additional suppression occurs through both homogeneous 

and heterogeneous reactions that neutralise free radicals, 

thereby interrupting the combustion chain. This work 

highlights a promising new approach for recycling waste 

incineration slag into high-value safety materials.
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A new mathematical model has been developed to predict 

the average droplet diameter produced by ultrasonic 

atomisation nozzles used for liquid media, supported by 

a system designed for practical engineering applications. 

To construct the model, a series of orthogonal experiments 

were carried out on a dedicated spraying test platform 

to examine how air pressure, water pressure, and outlet 

diameter influence atomisation behaviour. A multivariate 

nonlinear analysis approach was then applied to establish 

the predictive model.

To assess its accuracy, the difference between predicted 

and measured droplet sizes under various air- and 

water-pressure conditions was calculated. When the 

model’s predictions were compared with experimentally 

obtained Sauter Mean Diameter (SMD) values, the 

average error was found to be approximately 5%. This 

demonstrates that the model provides a reliable method 

for estimating droplet size and supports the effective 

use of ultrasonic atomisation nozzles in engineering 

environments.

A new eco-friendly road dust suppressant has been 

developed that reduces dust emissions by regulating 

factors such as moisture content, evaporation rate, and 

the particle-size distribution of road dust. Through a 

series of single-factor tests, orthogonal experiments, and 

optimisation studies, the most effective formulation was 

identified.

Its environmental performance was evaluated using 

indicators including plant germination rates and chlorophyll 

levels, confirming that the suppressant is highly compatible 

with ecological requirements. Suitable for use on most 

urban road surfaces, this technology offers a promising 

pathway for supporting greener, more sustainable city 

environments.

CONCLUSION

Future progress in advanced mining dust control 

technologies is likely to focus on several key areas. 

Foremost is the development of intelligent dust-control 

systems capable of real-time monitoring, risk 

assessment, and early warning to better safeguard 

worker health. Continued innovation in high-efficiency, 

environmentally sustainable dust suppressants will also 

be essential. In addition, there is a growing need for 

low-cost suppressants that do not generate secondary 

pollution. Finally, establishing a more comprehensive and 

scientifically grounded index system for evaluating mine 

dust will be critical for guiding both research and practical 

implementation.
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t doesn’t matter if it’s from a silo, 

hopper or another conveyor, when 

dry bulk material is dropped onto a 

moving conveyor belt, dust emissions 

are inevitable, right? 

Not necessarily.

The moving belt, even when empty, pulls air through the 

enclosure in the direction it is moving. When the material hits 

the belt, the impact causes the cargo to splash, particulates 

to become airborne, and subsequent air turbulence to drive 

dust emissions toward the nearest opening. Without a sealed 

environment that controls airflow, the poor air quality creates 

a serious workplace safety hazard (Figure 1).

Dust emissions don’t just create a harmful environment for 

those working in the area. Abrasive particulates make their 

way into exposed machine parts and rolling components, 

causing them to wear quickly, seize, and require 

replacement sooner. Dust clogs the air intakes of nearby 

equipment and vehicles, raising the amount of downtime 

and maintenance. Particulates cover walkways, stairs, 

and control units, obscuring signage. There are serious 

environmental concerns and increased complaints from 

nearby communities, prompting inspections by authorities. 

The U.S. Occupational Safety and Health Administration 

(OSHA) and the U.S. Mine Safety and Health Administration 

(MSHA) over the years have targeted efforts to improve 

air quality through greater scrutiny followed by steep fines. 

Regardless of operators’ opinions on these measures, they 

have successfully helped reduce the incidence of illnesses and 

chronic lung diseases associated with fugitive dust emissions. 

Often at issue is many operators’ lack of understanding 

of the underlying causes of dust. Most solutions focus on 

dust suppression and collection, but decades of field study 

and experience have shown that, to control air quality at 

transfer points, it is more beneficial to address the root 

causes by taking a holistic view of the function and design 

of the material transfer process. 

ELEMENTS OF A TRANSFER CHUTE

A transfer chute should include several key components to 

mitigate material spillage and dust, direct cargo to the belt 

Coal dust control: 
conveyor transfer points 
best practices

I

Figure 1: Dust emissions around transfer points can effect the overall air quality of the entire workplace. 
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center, and facilitate dust settling either 

back into the cargo flow or into a dust-

collection mechanism. These components 

include cradles, wearliners, skirting, raised 

enclosures, and strategically placed dust 

curtains (Figure 2).

Some manufacturers offer modular 

transfer chute enclosures that can be 

quickly and economically retrofitted for 

changes in production during scheduled 

downtime. Extending the transfer 

chute enclosure provides more space 

for the turbulent air and dust to settle. 

Externally facing wearliners and skirting 

allow easy access for significantly safer 

maintenance. Although standard lockout/

tagout procedures are required, external 

servicing eliminates the need for chute 

entry and significantly reduces downtime.

NUISANCE VS. RESPIRABLE DUST

If you can see the particulates floating in the 

air, they aren’t small enough to be respirable, meaning they 

don’t surpass the body’s natural defenses and enter deep 

into the lung causing serious damage and health issues. 

Nuisance particulate matter (PM) smaller than 200µm 

(micrometers in diameter) -- roughly the size of normal 

household dust -- is light enough to remain airborne on 

ambient air currents. It settles on every surface and causes 

serious abrasion in rolling and mechanical components.

When PM reaches 100µm – approximately the size of a 

cross section of a human hair – it becomes invisible to the 

naked eye. At 10µm or smaller, the particulate is considered 

Figure 2: A well-designed transfer chute prevents fugitive material and ensures 

cargo is centered and settled.

Figure 3: The percentage reduction in dust in 3 chutes differentiated by chute height and width.
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“respirable”. These particulates have 

become highly regulated, having been 

linked to chronic lung diseases some 

workers experience later in life, which 

has drastically lowered the mortality rate.

The chute design can have a significant 

impact on the volume of particulate 

matter emitted during conveyor transfers. 

Chutes that are properly sealed and 

retrofitted with three curtain zones 

incrementally slow the airflow and allow 

dust to settle. Field tests show a drastic 

reduction in emissions of both nuisance 

and respirable dust (Figure 3).

IDENTIFYING THE ROOT CAUSES OF DUST

Many operators have the misperception 

that, in the inherently dirty business of 

mining, processing, and handling bulk 

materials, dust control is a futile battle 

that can never be overcome. This is 

particularly true when experienced 

maintenance staff gaze baffled at a 

transfer point engulfed in dust that 

provides no clue as to the source of the 

emissions.

Figure 4: The centered spoon loading design and dust curtain system helps control 

turbulence and airflow.

Figure 5: Mechanical air cleaners are low maintenance and improve the air quality around the system.
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• Airflow through the transfer point is achieved by 

adjusting the loading angle and the placement of dust 

curtains. With a centered and sloped or spoon-shaped 

loading configuration, the cargo is eased onto the belt 

with less impact (and associated belt damage), no 

splashing, reduced air turbulence, and less shifting 

leading to potential mistracking. Proper curtain 

placement creates zones where air is decelerated, 

allowing dust to settle back into the cargo stream or be 

captured by dust collection systems (Figure 4).

• Material degradation increases small fines in two 

ways. As raw material is processed through crushers 

or mills, it is reduced in size and dust becomes more 

prevalent. Degradation can also be caused by the 

impact of material upon transfer resulting in it breaking 

apart.

• Poor transfer point design for current production 

expectations is perhaps the largest cause of dust. 

Conveyor systems are generally built for the production 

demand at the time of construction and leave little 

room for change. Increases in production require either 

a greater volume of conveyed material or higher belt 

speeds. Often, they result in both. If the system is 

not graded for these expectations, dust becomes the 

bellwether for a host of other issues such as reduced 

workplace safety, increased spillage, more frequent 

equipment breakdowns and excessive downtime. 

BEST PRACTICES FOR BELT CONVEYOR DUST CONTROL 

1. Avoid belt sag – Support the belt the entire length of 

the chute wall (aka – the “skirtboard”) so it doesn’t sag 

away from skirting. The pressure from air turbulence 

is enough to push dust and fines out of these gaps 

causing excessive dust and spillage. 

2. Wearliners increase the conveyor system’s life – 

Modern chute design raises the height of the chute, 

providing more room for dust settling in the stilling zone 

and also room to place the external wearliner. Without 

it, the rubber skirting takes the force of abrasive bulk 

material which lowers the equipment’s life and requires 

premature replacement. 

3. Install belt skirting to seal the environment – Single 

skirting should be cut to the belt’s trough angle for a 

tighter seal and mounted externally for easy and safe 

adjustment. Self-adjusting skirting has spring-driven 

latches that offer slight downward pressure for reduced 

maintenance. Dual skirting offers a single skirt with a 

rubber flap that provides a second layer of sealing and 

protection from spillage and emissions. 

4. Seal before adding dust collection devices – “Passive 

dust control” uses engineered design solutions such 

as controlled loading, wearliners, skirting, curtains, 

and modular enclosures first. When there are length 

restrictions for chutes to allow an extended stilling/

settling zones, dust bags and mechanical air cleaners 

are highly effective. They use the airflow to direct dust 

toward the mechanism and once the conveyor system 

stops, that collected dust is deposited back onto the 

belt. However, they can require more maintenance and 

monitoring, so sealing first will better control the cost of 

operation (Figure 5).

5. Slow the exiting air velocity – A flow of air is still going 

to be prevalent exiting the system, but the key is slowing 

it to under 200 fpm (1 m/s), slowing it enough to reduce 

emissions. Adding a tail panel and curtains is essential 

to this, however, just adding them at the ends does not 

accomplish the proper stilling environment required. 

Strategic placement is the key to slowing exiting air velocity. 

CONCLUSION

Improving workplace air quality seems like a daunting task 

but eliminating it increases compliance and raises staff morale 

and safety. Of course, conveyor transfer points are not the 

only source of dust. However, as one of the most prevalent 

generators of particulate emissions in any bulk handling 

operation, it is an excellent place to start. By following 

best practices using modern and well-designed retrofitted 

components, operators can tackle dust by a process of 

elimination. Once large emission sources are addressed, it 

is easier to identify dust from other parts of the operation with 

the ultimate goal of a clean and efficient operation with high 

worker morale and an exemplary record of safety.
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lobal coal demand could remain 

stronger for longer, with coal-fired 

power generation potentially staying 

dominant through 2030, well beyond 

current projections for peak coal, 

according to a new Horizons report 

from Wood Mackenzie. 

The report titled ‘Staying power: How new energy realities 

risk extending coal’s sunset’ suggests that a confluence of 

factors, from a rapidly electrifying global economy to energy 

security priorities rising from geopolitical and cost shocks to 

Asia’s young and evolving coal fleet, could extend coal’s 

role as a vital power source well into the next decade and 

beyond. 

“Extending coal's prominence through 2030 would 

fundamentally alter the global energy transition timeline. 

We're talking about delaying the phase-out of the world's 

most carbon-intensive fuel source during a critical decade 

for climate action,” said Anthony Knutson, global head, 

thermal coal markets at Wood Mackenzie. “While the long-

term trajectory towards renewables remains intact, the 

path is proving far more complex than many anticipated 

as countries grapple with energy security and affordability 

concerns.” 

In Wood Mackenzie’s base-case Energy Transition Outlook, 

coal-fired power generation is projected to decline by 

nearly 70% between 2025 and 2050. This decline is driven 

by decreasing renewable energy costs, advancements in 

battery storage technology, a resurgence in nuclear energy, 

and an increase in natural gas capacity. However, Wood 

Mackenzie’s latest Horizons report highlights the potential 

for coal to remain demand to be stickier than expected. A 

‘high coal demand’ case that offers a significantly different 

perspective: coal generation could average 32% higher 

than the base case through 2050. 

Under the high coal demand case, output from global coal 

fleets is optimised to help meet steep and rapid load growth 

expectations, leading to significantly less renewable and 

gas energy deployment. This equates to 2,100 gigawatts 

(GW) less global wind, solar, energy storage, and natural 

gas capacity between 2025 and 2050. Without carbon 

capture and storage investment, unabated emissions 

from the coal sector would increase by two billion tonnes 

compared to the base case scenario. 

INVESTMENT HEADWINDS AND SHIFTING MARKET FORCES 

The latest Horizons report notes that a higher coal demand 

case will expose investment gaps in replacement coal 

supply, potentially raising prices by 2030. “Private equity and 

sovereign wealth funds will be needed to fund greenfield and 

brownfield mine expansions,” said Knutson. “We expect most 

Western financial institutions to continue limiting thermal 

coal investments, with the strongest impact on supply 

growth from 2025-2030 and longer-term market implications 

if supply replacement momentum is not maintained.” 

According to the report, lack of commensurate investment is 

the largest risk facing coal markets now. Wood Mackenzie 

expects higher coal prices to erode the fuel's core cost 

advantage if demand increases without a supply response. 

New energy realities could 
extend coal’s role in global 
energy markets

G
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“While we understand coal demand may remain resilient in 

coming years, eventually supply constraints will emerge, 

and this could accelerate price increases globally and 

erode future demand,” said Knutson. 

REIMAGINED COAL POWER OFFERS POTENTIAL PATHWAYS 

The potential for carbon capture, utilisation, and storage 

(CCUS) offers a pathway to extend coal’s operational 

life in a decarbonising world. “CCUS could theoretically 

transform coal's environmental profile by capturing carbon 

dioxide emissions before they enter the atmosphere, but 

the economics remain challenging without substantial 

policy support and capital investment,” said David Brown, 

director, energy transition practice at Wood Mackenzie. 

“Higher coal utilisation rates would improve the investment 

case, but we're still years away from cost-competitive 

deployment at scale, particularly in Asia, where carbon storage 

costs are likely to limit widespread adoption,” he added. 

Total global coal electricity generation, unabated, terawatt hours (TWh)

Source: Wood Mackenzie

As governments and asset owners reposition for a low-

carbon future, technologies that reduce the carbon 

intensity of coal must be prioritised. Without innovation 

in areas like CCUS, co-firing and flexible, load-following 

coal capacity to work in concert with renewables, a high 

coal demand scenario becomes increasingly difficult to 

justify. Where CCUS is deployed, pairing it with gas-fired 

generation may offer a more efficient path, given the lower 

CO2 capture requirements per unit of electricity produced.

A NEW PARADIGM FOR GLOBAL ENERGY PLANNING 

While increased coal consumption represents neither an 

inevitable outcome nor an optimal scenario, current market 

trends indicate a significant transformation in global energy 

priorities. As nations develop comprehensive energy 

planning strategies, they are increasingly prioritising 

energy sovereignty and domestic resource control to 

support their long-term objectives. This shift reflects 

countries' efforts to accelerate electrification initiatives 

that are both cost-effective 

and dependable for 

their populations, while 

maintaining greater 

autonomy in their energy 

planning decisions. 

“Despite potential higher 

coal demand, we have 

the tools to phase it 

out,” Brown concluded. 

“Without urgent actions, 

the world faces a growing 

risk of drifting towards a 

3°C pathway. Our high 

coal demand case is not a 

forecast, but it’s a warning 

of what inaction could 

bring, and a reminder 

of what can still be 

prevented.” 
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oal mining is frequently viewed 

through the lens of carbon emissions 

and environmental impact, yet under 

well-regulated and technologically 

advanced operating conditions, it can 

deliver measurable environmental 

and socio-economic benefits. 

Contemporary mining methods, supported by rigorous 

compliance frameworks and modern rehabilitation 

techniques, enable operators to reduce ecological 

disturbance by restoring landforms, re-establishing 

vegetation, and creating conditions that support long-term 

habitat development. In many regions, coal operations also 

serve as catalysts for rural economic growth, generating 

revenue streams that can be directed toward conservation 

initiatives and resilient infrastructure. Despite the global 

shift toward low-carbon energy systems, coal continues 

to provide essential baseload power, stabilising electrical 

grids during periods of variable renewable generation. 

When planned and executed responsibly, coal mining can 

therefore contribute to a balanced approach that meets 

ongoing energy demand while upholding principles of 

environmental stewardship.

Carbon capture and storage (CCS) technology is emerging 

as a significant opportunity for coal mines to reposition 

themselves within a low-carbon energy landscape. 

Although coal operations are frequently associated with 

greenhouse gas emissions, advances in CCS now allow 

mines to capture CO2 from industrial sources and store it 

securely underground, often within the same geological 

structures that previously hosted coal seams. This 

approach transforms legacy mining areas into long-term 

carbon sinks. The long-running Sleipner project in Norway, 

which has stored more than one million tonnes of CO2 

annually since 1996, demonstrates the technical viability 

and durability of this method at scale.

The CCS process applied to coal-related infrastructure 

Repositioning to a low 
carbon landscape

C
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follows a defined sequence. CO2 is first captured at 

emission points – typically power stations or industrial 

plants – using solvent-based systems or membrane 

separation technologies. The gas is then compressed into 

a supercritical phase to facilitate pipeline transport. Once 

delivered to the storage site, it is injected into deep geological 

formations such as depleted coal seams or saline aquifers, 

where caprock integrity and reservoir characteristics 

ensure long-term containment. This integration of CCS with 

existing mining assets can reduce capital expenditure and 

operational complexity. In the Illinois Basin, for example, 

research is underway to combine CO2 storage with 

enhanced coal bed methane recovery, demonstrating how 

CCS can complement resource extraction.

Beyond emissions mitigation, CCS offers coal regions a 

pathway toward a circular and diversified economy. Mines 

can generate new revenue streams by providing carbon 

storage services, helping offset closure liabilities and 

rehabilitation costs. The technology also supports regional 

employment and industrial continuity. Australia’s CarbonNet 

initiative, designed to store up to five million tonnes of CO2 

per year, illustrates how CCS hubs can stimulate local 

economies while advancing national decarbonisation 

strategies.

Effective deployment, however, depends on rigorous 

geological assessment, robust monitoring systems, and 

clear regulatory frameworks. Long-term containment 

requires detailed evaluation of subsurface stability, fault 

behaviour, and potential leakage pathways. Collaboration 

between operators, regulators, and research institutions 

is essential to address technical uncertainties and 

maintain public confidence. Programmes such as the U.S. 

Department of Energy’s CarbonSAFE initiative highlight the 

importance of coordinated investment and public-private 

partnerships in scaling CCS infrastructure.

Overall, carbon capture technology provides coal mines 

with a credible mechanism to transition from high-emission 

operations to active contributors in climate mitigation. By 

utilising underground storage capacity and established 

mining infrastructure, CCS enables significant reductions 

in net CO2 emissions while supporting economic resilience 

in coal-dependent regions. With sustained investment 

and engineering innovation, the mining sector can play 

a meaningful role in shaping a more sustainable and 

technologically advanced energy future.

Land reclamation has become a central component of 

modern mine closure planning, enabling post-mining 

landscapes to transition from disturbed ground to productive 

and ecologically functional terrain. Rather than leaving 

behind long-term environmental liabilities, well-designed 

reclamation programmes can return mined areas to 

agricultural use, support wildlife habitat development, or 

host renewable energy infrastructure. When integrated into 

the life-of-mine plan, reclamation allows coal operations to 

demonstrate environmental responsibility while delivering 

tangible post-closure value.

A notable example is the East Pit Mine in Germany, 

where a former coal extraction site was converted into 

a large-scale solar installation. This transformation 

repurposed a carbon-intensive industrial area into a 

renewable energy asset, illustrating how mine lands can 
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support national decarbonisation strategies. In the United 

States, the Virginia City Hybrid Energy Center operates on 

reclaimed mine land and utilises a combination of biomass 

and coal refuse, reducing reliance on newly mined coal and 

highlighting how reclamation can complement alternative 

energy generation.

Agricultural redevelopment is another viable pathway 

for reclaimed mine sites. Through soil reconstruction 

techniques – such as the incorporation of organic 

amendments, nutrient balancing, and erosion control – 

mined soils can regain productivity. In Appalachia, former 

coal mines have been restored to support crops including 

soybeans and wheat, with yields approaching those 

of undisturbed farmland within a few years. Achieving 

this requires careful landform grading, establishment of 

stabilising vegetation, and ongoing soil quality monitoring 

to ensure long-term fertility.

Reclamation can also enhance regional biodiversity 

when designed with ecological principles in mind. The 

Keystone Wildlife Enhancement Project in Pennsylvania 

demonstrates how abandoned mine lands can be 

converted into wetlands, forests, and mixed habitats that 

attract a wide range of species. The deliberate use of native 

vegetation, coupled with the creation of varied habitat 

structures such as ponds, meadows, and wooded areas, 

supports sustainable ecosystem development and avoids 

the long-term risks associated with invasive species.

Despite these successes, reclamation remains a 

technically demanding and resource-intensive process. 

Upfront costs, long-term monitoring requirements, and the 

need for strong regulatory oversight all influence project 

outcomes. Nevertheless, when executed effectively, 

reclamation transforms the environmental footprint of 

coal mining into an opportunity for landscape renewal, 

economic diversification, and alignment with broader 

sustainability objectives. By converting mined land into 

agricultural fields, wildlife habitats, or renewable energy 

sites, the mining sector can contribute meaningfully to 

post-closure land stewardship and regional environmental 

resilience.

Coal mining has long functioned as a critical economic 

driver in regions with limited industrial diversity, providing 

employment opportunities that can significantly reduce local 

poverty levels and stabilise rural economies. The opening 

of a mine typically generates a wide range of positions, 

from engineering, geology, and technical support roles 

to production, maintenance, and equipment operation. In 

areas such as Appalachia and Queensland, studies have 

shown that mining activity can reduce unemployment by 

substantial margins, largely due to the immediate demand 

for labour and the secondary economic activity that follows. 

The experience of Gillette, Wyoming – where coal supports 

thousands of direct and indirect jobs and represents a 

major share of the local economy – illustrates how mining 

can underpin regional livelihoods.

To ensure that job creation delivers long-term benefits, 

mining operations increasingly integrate workforce 

development into their planning. Prioritising local hiring, 

establishing training programmes, and collaborating with 
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technical colleges or vocational institutions help build a 

sustainable skills pipeline. The Ruhr Valley in Germany 

provides a notable example, where mining companies 

partnered with educational institutions to train workers not 

only in traditional mining competencies but also in emerging 

energy technologies, supporting long-term employability as 

the regional economy evolves. Community reinvestment 

mechanisms can further enhance local development. 

At the Cerrejón mine in Colombia, a portion of profits is 

directed toward infrastructure, education, and water system 

improvements, demonstrating how mining revenues can be 

channelled into broader social progress.

Concerns about the long-term viability of coal-related 

employment are often linked to environmental pressures 

and the global transition toward renewable energy. 

However, the adoption of cleaner mining technologies can 

mitigate these challenges. Carbon capture and storage 

systems, methane drainage, and other emissions-reduction 

measures allow mines to operate with a reduced 

environmental footprint. In China’s Shanxi province, the 

deployment of CCS across multiple coal mines has already 

contributed to measurable reductions in CO2 emissions. At 

the same time, diversification strategies can help mining 

regions prepare for shifts in energy demand. Asturias in 

Spain offers an example of how former coal communities 

can transition into renewable energy manufacturing by 

leveraging existing industrial skills and infrastructure.

Ultimately, the socioeconomic role of coal mining extends 

beyond the extraction of resources. When supported by 

responsible operational practices, targeted workforce 

development, and long-term community planning, mining 

can act as a catalyst for regional resilience and sustainable 

development. By fostering employment, stimulating local 

economies, and enabling strategic reinvestment, coal 

operations can contribute to a more stable and prosperous 

future for the communities that depend on them.

Coal mining revenues, often scrutinised for their association 

with environmental impacts, can also serve as a significant 

financial lever for advancing cleaner energy technologies. 

When strategically allocated, profits from coal extraction 

can support research and development programmes 

that accelerate the transition toward low-carbon energy 

systems. In this context, coal shifts from being viewed 

solely as an environmental burden to functioning as a 

temporary but powerful funding mechanism that bridges 

current energy demands with future sustainable solutions.

The scale of global coal revenue – estimated at more 

than one trillion dollars annually – illustrates the potential 

impact of even modest reinvestment. Redirecting a small 

proportion of these earnings into renewable energy R&D 

could provide tens of billions of dollars each year to support 

innovation in solar, wind, and energy storage technologies. 

Such investment could help resolve persistent challenges 

related to intermittency, grid stability, and storage efficiency. 

Advancements in next-generation battery systems, for 

example, have the potential to reduce costs significantly 

and improve the competitiveness of renewable energy. 

Regulatory frameworks that require a defined portion of coal 

profits to be reinvested in clean energy development would 

ensure that these funds contribute directly to long-term 

decarbonisation objectives.

Implementing this strategy, however, demands careful 

governance to avoid superficial sustainability claims or 

unintended delays in coal phaseout timelines. As coal 

revenues decline over time, funding mechanisms must 

gradually transition to alternative sources such as carbon 

pricing instruments or green financing tools. Transparent 

oversight is essential to ensure that reinvested funds 
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support high-impact technologies, including carbon 

capture and storage, advanced energy storage, and green 

hydrogen production. Independent review bodies can help 

maintain accountability and ensure that investments align 

with national and regional energy transition priorities.

Concerns that reinvesting coal profits may prolong the 

industry’s lifespan overlook the need for parallel progress 

on both emissions reduction and economic transition. 

Immediate reinvestment can accelerate clean energy 

innovation while supporting coal-dependent regions through 

structural change. Areas such as Appalachia and Shanxi 

Province demonstrate how existing mining infrastructure and 

industrial expertise can be repurposed for renewable energy 

manufacturing, strengthening local economies and reducing 

the social disruption associated with energy transitions.

Overall, coal profits represent a pragmatic and underutilised 

resource for financing the development of cleaner energy 

technologies. By directing revenue toward innovation, 

establishing transparent governance structures, and 

aligning reinvestment with phased coal reduction 

strategies, the mining sector can contribute meaningfully 

to global decarbonisation efforts. This approach leverages 

existing economic capacity to support a more sustainable 

and technologically advanced energy future.

Modern coal mining increasingly centres on 

resource-efficient practices that enhance recovery, reduce 

waste, and limit environmental disturbance. Advances 

in extraction methods, monitoring technologies, and 

energy integration are reshaping the operational profile 

of coal mines, enabling higher productivity with a smaller 

ecological footprint. Longwall mining exemplifies this shift. 

By extracting coal in continuous, rectangular panels, the 

method routinely achieves recovery rates approaching 85%, 

a significant improvement over traditional room-and-pillar 

systems that often left nearly half of the resource in situ. 

Higher recovery reduces the need for additional surface 

disturbance and lowers the cumulative land-use impact of 

coal extraction.

Precision in drilling and blasting has also improved 

markedly through the adoption of real-time monitoring 

and data-driven control systems. Sensor networks and 

analytics platforms allow engineers to calibrate explosive 

charges with far greater accuracy, reducing over-blasting 

and associated material waste. Mines employing these 

systems have reported substantial reductions in excess 

fragmentation and airborne particulates, demonstrating 

how digital optimisation can simultaneously conserve 

resources and mitigate emissions.

Coal beneficiation further contributes to resource 

efficiency by separating high-grade coal from mineral 

impurities before combustion or processing. Modern 

beneficiation plants routinely achieve efficiency levels 

near 90%, significantly reducing the volume of tailings 

requiring long-term storage. Lower tailings output 

decreases the footprint of waste facilities and reduces 

the risk of water contamination, while the upgraded coal 

product burns more cleanly and improves downstream 

energy efficiency.

Energy integration represents another important dimension 

of modern resource-efficient mining. Increasing numbers 

of operations are incorporating renewable power – such 

as on-site solar or wind generation – to offset diesel or 

grid electricity consumption. Hybrid energy systems have 

demonstrated measurable reductions in fuel use and 

operating costs, while aligning mining operations with 

broader decarbonisation objectives. The deployment of a 

multi-megawatt solar installation at an Australian coal mine, 

which achieved a notable reduction in diesel demand, 

illustrates the practical benefits of this approach.

Collectively, these innovations demonstrate how 

contemporary mining practices can maximise resource 

extraction while reducing environmental impact. Through 

advanced extraction techniques, digital monitoring, 

improved beneficiation, and renewable energy integration, 

the coal sector is evolving toward a more efficient and 

environmentally responsible operational model.
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Why India’s coal revival looks impossible to achieve
Almost everywhere on the 

planet, the great surge of 

coal power that fueled two 

centuries of industrialisation 

is receding. In rich 

countries, consumption 

peaked two decades ago, 

and has since fallen by 

about half. China managed 

to suck up every metric 

ton the developed world 

spurned since then, but 

that tide is now turning, too. 

Coal-fired power there fell 

about 1% last year, despite 

a 5% jump in electricity 

usage. Even freezing 

weather in December was 

unable to shift the picture: 

Fossil generation was the 

lowest since 2022, in a 

month when demand is 

typically strong.

As recently as 2024, 

the International Energy 

Agency predicted Chinese 

coal demand would keep 

breaking records for the 

next three years. It now 

reckons it’s heading into 

decline, and will lose 180 

million tons through 2030 – 

similar to closing all the coal 

power stations and blast 

furnaces in Japan

There’s one remaining 

bright spot – India. But even 

there, coal’s defenses are 

crumbling.

Consumption will rise 

by about 200 million tons 

through 2030, according 

to the IEA, offsetting all 

the decline from China, 

much as China once 

offset the decline from rich 

countries. The government 

is promising to build 97 

gigawatts of additional coal 

power by 2035, nearly 50% 

more than is currently in 

place. Expansions might 

keep going as late as 2047 

under proposals currently 

being discussed.

There’s just one problem 

with all this. One of the 

strongest arguments 

for coal’s continued 

relevance in India in the 

face of cheaper, cleaner 

renewables – the relative 

ease with which it can be 

built – is looking badly out 

of date

Take that proposed 97 

GW that needs to get built 

over the next nine years. 

Just 35.5 GW of the total 

has received financial 

sign-off so far, and of 

that only 16.3 GW has 

actually broken ground. 

The remainder is stuck 

in regulatory, political or 

financing red tape. Some 22 

GW has been abandoned.

It’s a similar picture with 

non-power uses, such as 

producing chemicals – a 

sector the government is 

trying to support with nearly 

$10 billion in subsidies. 

Talcher in the eastern state 

of Odisha was expected to 

be the country’s first coal-

gasification plant when 

completed in 2024. Instead, 

11 years after it was 

announced, it’s still only 

about two-thirds built.

How long does it take to 

construct a coal power plant 

in India? Based on the 24 

facilities that have broken 

ground and have scheduled 

connection dates, it’s about 

seven years between 

financial close and first 

power to the grid. To hit 

the government’s 97 GW 

target, that 

means another 

60 gigawatts 

must get signed 

off in the next 

two years — 

equivalent to 

approving one 

new plant every 

10 days.

That seems a 

stretch. Private 

capital is already 

growing wary of 

investing in an 

Indian economy 

that’s heavily 

dependent 

on stimulus 

from a debt-laden state 

sector, as my colleague 

Mihir Sharma has written. 

Some 80% of coal plants 

under construction are 

government-owned.

It’s unlikely the 

government will hit its 

targets on new coal, SBI 

Capital Markets wrote this 

month. Solar, by contrast, 

should easily install 50 GW 

this year, SBI noted. That 

should put the country on 

track to meet Prime Minister 

Narendra Modi’s promise 

that 500 GW of clean power 

will be operating by 2030.

An India generating that 

much renewable energy 

won’t even need additional 

coal plants. Current rates 

of clean power build-out 

on their own should be 

sufficient to cover about 

97% of demand growth 

between now and 2030. 

Anything else can be 

met by increasing the 

operating rates of existing 

fossil generators, which 

are underutilised and 

unprofitable as a result.

We are already seeing 

what this will look like. 

Coal power fell by about 

3% in India last year, the 

Centre for Research on 

Energy and Clean Air, a 

pro-energy transition group, 

wrote earlier this month. 

Some 44% of this decline 

was caused by growing 

clean generation, with 36% 

attributed to unusually cool, 

wet weather and 20% from 

an economic slowdown. 

Last year represents the 

first time in half a century 

that coal generation in both 

China and India dropped 

simultaneously.

It’s too early to get out 

the champagne. When 

you’re trying to hit a peak 

in fossil-fuel consumption, 

each year is a fresh race. 

Power consumption in 

emerging economies is 

growing at a headlong 

pace, so renewables have 

to move at breakneck 

speed just to keep up. 

Eating into the market 

share of fossil fuels is even 

harder. Still, renewables 

are proving to be more 

nimble than the fossil-fired 

incumbents at actually 

getting new electrons 

flowing.

Almost all of the increase 

in global emissions over 

the past decade came from 

the electricity grids of Asia’s 

two biggest economies. 

Look past the cavalcade 

of headlines coming out of 

Washington, and you can 

glimpse that mega-trend 

heading into reverse right 

now.
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nderground conveyor belt systems 

are essential to modern coal mining, 

enabling the continuous transport of 

large volumes of material across long 

distances. Yet these same systems 

present one of the most persistent fire 

hazards in underground operations. 

Conveyor belt fires can spread rapidly, produce toxic 

smoke, compromise escape routes, and overwhelm 

suppression systems – making them a critical focus of mine 

safety engineering. Gordon Barratt of Coal International 

examines the root causes of conveyor belt fires, 

reviews notable case studies, and outlines engineering 

and operational strategies to reduce risk.

Underground 
conveyor belt fires 
in coal mines

U
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FIRES OCCUR IN UNDERGROUND COAL MINING

Conveyor belt fires in underground coal mining rarely 

result from a single cause. Instead, they emerge from the 

interaction of mechanical faults, combustible materials, 

environmental conditions, and operational practices. A 

comprehensive approach combining robust maintenance, 

effective monitoring, disciplined housekeeping, and 

well-designed ventilation – is essential to reducing the 

likelihood of these potentially catastrophic events.

MECHANICAL FAILURES AND FRICTIONAL HEATING

One of the most common ignition sources is frictional 

heating caused by mechanical failures. Seized or damaged 

idlers, misaligned belts, and material buildup around 

rotating components can generate significant heat. When 

a belt rubs continuously against a structural element or a 

locked roller, temperatures can rise to the point where the 

belt material or accumulated coal fines ignite. Because 

these faults often develop gradually, they may go unnoticed 

without automated monitoring systems.

ELECTRICAL FAULTS

Electrical equipment associated with conveyors – motors, 

switchgear, cables, and control systems – can also initiate 

fires. Insulation breakdown, loose connections, or short 

circuits may produce sparks or localised heating. In the 

presence of coal dust or flammable gases, even minor 

electrical faults can trigger ignition. Proper maintenance, 

enclosure integrity, and compliance with explosion-protected 

equipment standards are essential to reducing this risk.
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ACCUMULATION OF COAL DUST AND SPILLAGE

Coal dust is highly combustible, and its accumulation along 

belt roads significantly increases fire potential. Dust can 

settle on idlers, pulleys, and structural components, where 

it may ignite from frictional heat or electrical faults. Spillage 

beneath the belt can also create fuel beds that sustain 

and spread fires. Effective housekeeping and dust-control 

practices are therefore critical to preventing ignition and 

limiting fire propagation.

BELT MATERIAL DEGRADATION

Conveyor belts in underground coal mines are designed to 

be fire-resistant, but their performance can degrade over 

time. Wear, aging, and chemical exposure may reduce 

a belt’s ability to self-extinguish or resist flame spread. 

Damaged or poorly maintained belts are more susceptible 

to ignition, especially when combined with mechanical or 

electrical faults. Regular inspection and timely replacement 

are essential to maintaining fire-resistant properties.

INADEQUATE VENTILATION OR AIRFLOW PATTERNS

Ventilation plays a key role in both preventing and 

controlling fires. Poor airflow can allow heat to accumulate 

around conveyor components, while certain ventilation 

patterns may carry smoke or hot gases into areas where 

they can ignite dust deposits. Inadequate ventilation also 

reduces the effectiveness of early detection systems and 

complicates emergency response.

HUMAN FACTORS

Operational practices can influence fire risk. Delayed 

maintenance, insufficient inspections, improper cleaning, 

and inadequate training all contribute to conditions where 

faults go undetected. Human error during repairs or belt 

adjustments can also introduce ignition hazards.

Conveyor belt fires in underground coal mining rarely 

result from a single cause. Instead, they emerge from the 

interaction of mechanical faults, combustible materials, 

environmental conditions, and operational practices. A 

comprehensive approach – combining robust maintenance, 

effective monitoring, disciplined housekeeping, and 

well-designed ventilation – is essential to reducing the 

likelihood of these potentially catastrophic events.



Coal International • January-February 2026      41

CONVEYOR BELT FIRES

Case Study 1: Aracoma Alma Mine No. 1 – 

West Virginia, USA (2006)

On 19 January 2006, a conveyor belt at the Aracoma 

Alma Mine became misaligned, causing the belt edge to 

rub against a metal support structure. The friction ignited 

the belt, and flames spread to a nearby coal rib. Smoke 

migrated rapidly through the belt entry, overwhelming two 

miners who became disoriented during evacuation.

Key lessons:

– Misalignment detection must be automated and 

redundant.

– Smoke control and escapeway integrity are critical.

– Fire-resistant belt materials alone are insufficient 

without mechanical reliability.

Case Study 2: Grasstree Mine – Queensland, 

Australia (2018)

A jammed tail drum caused a conveyor belt to slip, 

generating intense frictional heat. The belt ignited, and 

flames spread to coal fines and dust. Damaged firewater 

pipes unintentionally channelled water down the belt line, 

delaying detection and complicating suppression efforts.

Key lessons:

– Slippage monitoring is essential.

– Water systems must be protected from mechanical 

damage.

– Dust control dramatically influences fire propagation.

Case Study 3: Arnot Mine – Mpumalanga, 

South Africa (2022)

A seized idler ignited a conveyor belt deep underground 

– 11 km from the nearest ventilation shaft. Burning belt 

fragments ignited the coal load, creating a moving fire front. 

Despite suppression attempts, the fire forced a full mine 

evacuation.

Key lessons:

– Remote conveyor installations require enhanced 

monitoring.

– Fire can travel with conveyed coal, not just the belt.

– Long-distance conveyors need sectionalised 

suppression systems.
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Engineering and Operational Controls

1.  THE ROLE OF HALOGENATED POLYMERS IN UNDERGROUND 

COAL MINING CONVEYOR BELTS

Halogenated polymers play a critical role in the engineering 

of conveyor belts used in underground coal mining, where 

fire safety, regulatory compliance, and resistance to harsh 

operating conditions are paramount. The confined nature 

of underground workings, combined with the combustibility 

of coal and coal dust, creates an environment where even 

minor ignition sources can escalate rapidly. As a result, 

material selection for conveyor belts is governed by some 

of the most stringent fire-retardant standards in heavy 

industry. Halogenated polymers – particularly PVC and 

chloroprene – have become foundational to meeting these 

requirements.

Fire Safety and Regulatory Compliance

The primary driver for the use of halogenated polymers in 

underground coal mines is their inherent flame-retardant 

behaviour. The chlorine content in PVC and CR compounds 

disrupts the combustion cycle by releasing halogen radicals 

that quench flame-propagation reactions. This intrinsic 

mechanism allows belts to self-extinguish and resist flame 

spread without relying solely on additive-based flame 

retardants.

In underground coal operations, conveyor belts must 

comply with rigorous fire-resistance testing protocols, 

which typically assess flame propagation, smoke density, 

and toxicity. Halogenated polymers are well suited to 

these requirements because they maintain predictable 

fire-retardant performance over long service periods, 

even when exposed to mechanical wear, moisture, and 

contaminants. Their ability to limit smoke evolution is 

particularly important in underground environments, where 

visibility and air quality directly affect evacuation and 

firefighting effectiveness.

Resistance to Harsh Mining Conditions

Underground coal mines expose conveyor belts to a 

combination of abrasive fines, moisture, hydrocarbons, 

and variable temperatures. Halogenated polymers offer 

a balanced performance profile that supports long-term 

reliability in these conditions:

Chemical resistance: PVC and CR compounds resist 

swelling and degradation when exposed to oils, greases, 

and hydraulic fluids commonly present around machinery 

and belt drives.

Moisture tolerance: Halogenated polymers maintain 

mechanical integrity in humid or water-laden environments, 

reducing the risk of delamination or cover deterioration.

Abrasion and impact resistance: While not as 

abrasion-resistant as some non-halogenated elastomers, 

CR-based covers provide sufficient durability for many 

underground applications, particularly where the priority is 

fire safety rather than maximum wear life.

Operational and Maintenance Considerations

The predictable behaviour of halogenated polymers under 

thermal and chemical stress contributes to stable belt 

performance and reduced maintenance interventions. 

Their dimensional stability helps maintain belt tracking and 

reduces the likelihood of edge fraying or cover cracking – 

issues that can compromise fire-resistant properties if left 

unchecked.

Additionally, halogenated belts are compatible with a 

wide range of splicing and repair techniques, including 

mechanical fasteners and cold-bonded joints. This flexibility 

is valuable in underground settings where rapid repair is 

essential to maintaining production continuity.

Environmental and Future‑Facing Considerations

Despite their advantages, halogenated polymers present 

environmental challenges, particularly regarding smoke 

toxicity and end-of-life disposal. Regulatory pressure 

and sustainability objectives are prompting research into 

non-halogenated flame-retardant systems. However, 

achieving the same combination of fire resistance, 

mechanical stability, and cost-effectiveness remains a 

significant technical challenge.

For the near future, halogenated polymers will continue to 

underpin conveyor belt safety in underground coal mining, 

with incremental improvements focused on reducing smoke 

toxicity, enhancing recyclability, and optimising formulations 

to meet evolving standards.

Modern belts use halogenated polymers or low-flame-

propagation materials, but these must be paired with 

mechanical reliability.

Halogenated polymers occupy a specialised but important 

niche in the design of conveyor belts, particularly in 

environments where fire resistance, chemical stability, 

and long-term durability are critical. These materials – 

most commonly chloroprene (CR), polyvinyl chloride 

(PVC), and, in more demanding cases, fluoropolymers 

– offer performance characteristics that conventional 

hydrocarbon-based elastomers cannot match.

The primary advantage of halogenated polymers lies in 

their inherent flame retardancy. The presence of chlorine 

or fluorine atoms within the polymer backbone suppresses 

combustion by releasing halogen radicals that interfere 

with flame-propagation reactions. In mining, tunnelling, 

and bulk-material handling, this property is essential 

for meeting stringent fire-safety regulations. Conveyor 

belts manufactured with PVC or CR compounds can 

self-extinguish, resist flame spread, and limit smoke 

generation, reducing the risk of fire escalation in confined 

or high-risk environments.

Chemical resistance is another defining attribute. 

Halogenated polymers maintain structural integrity when 

exposed to oils, fuels, solvents, and corrosive process 

materials. This makes them suitable for conveyors 

operating in coal preparation plants, fertiliser production, 

chemical processing, and waste-handling facilities where 
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contact with aggressive substances is routine. Their 

resistance to swelling and degradation extends belt service 

life and reduces maintenance frequency.

Mechanical performance also contributes to their adoption. 

Chloroprene-based covers, for example, provide good 

abrasion resistance, flexibility, and weathering stability. 

Fluoropolymers, though used sparingly due to cost, offer 

exceptional thermal resistance and extremely low surface 

energy, enabling reliable operation in high-temperature or 

contamination-sensitive applications.

However, the use of halogenated polymers is not without 

limitations. Environmental considerations – particularly 

concerns around halogenated smoke, end-of-life disposal, 

and regulatory pressure to reduce halogenated materials 

– are prompting some industries to explore alternative 

formulations. Non-halogenated flame-retardant systems 

are improving, but they often struggle to match the 

combined fire, chemical, and mechanical performance of 

halogenated compounds.

In summary, halogenated polymers remain integral to 

conveyor belt engineering where fire safety, chemical 

resistance, and durability are paramount. Their continued 

use reflects a balance between performance requirements 

and evolving environmental expectations, with ongoing 

research focused on maintaining safety standards while 

reducing ecological impact.

2.  AUTOMATED MONITORING SYSTEMS FOR CONVEYOR 

SAFETY IN COAL MINING

Conveyor systems are the backbone of coal mining 

operations, moving large volumes of material continuously 

through complex underground and surface environments. 

As production demands increase and regulatory 

expectations tighten, automated monitoring technologies 

have become essential for maintaining safety, reducing 

downtime, and extending equipment life. Three categories 

of sensors – temperature monitoring, belt misalignment 

detection, and vibration/acoustic systems for idler health – 

now form the core of modern conveyor-health strategies.

Temperature Monitoring

Temperature sensors are widely deployed along conveyor 

structures to detect abnormal heat build-up before 

it escalates into a fire hazard. In coal mining, where 

combustible dust and confined spaces heighten risk, early 

thermal detection is critical. Sensors are typically positioned 

near idlers, drive pulleys, and friction-prone components. 

By continuously measuring surface temperatures, these 

systems can identify failing bearings, seized rollers, or 

excessive belt slip. Automated alarms allow operators to 

intervene quickly, preventing ignition events and reducing 

the likelihood of extended shutdowns.

Belt Misalignment Switches

Belt tracking issues are a common source of mechanical 

damage and operational delays. Misalignment switches 

provide a simple but highly effective safeguard by detecting 

when the belt strays beyond acceptable limits. When 

activated, they trigger warnings or automatically stop the 

conveyor to prevent edge damage, spillage, and potential 

belt fires caused by friction against structural components. 

In underground coal mines, where space constraints 

amplify the consequences of misalignment, these switches 

contribute significantly to maintaining safe and stable 

material flow.

Vibration and Acoustic Monitoring for Idler Health

Idlers represent the most numerous and failure-prone 

components on a conveyor system. Traditional inspection 

methods rely on manual walk-downs, which are 

labour-intensive and often unable to detect early-stage 

failures. Automated vibration and acoustic monitoring 

systems address this gap by continuously analysing 

the mechanical signature of idlers. Changes in vibration 

amplitude, frequency patterns, or acoustic emissions 

can indicate bearing wear, lubrication loss, or impending 

seizure. Early detection allows targeted maintenance, 

reducing the risk of catastrophic idler failure – a known 

ignition source in coal operations.

Enhancing Safety and Reliability Through Automation

Together, these monitoring technologies form an integrated 

approach to conveyor health management. By shifting from 

reactive maintenance to predictive and condition-based 

strategies, coal mines can improve safety performance, 

reduce unplanned downtime, and extend the service life of 

critical components. As automation continues to advance, 

these systems will play an increasingly central role in 

ensuring that conveyor operations remain safe, efficient, 

and compliant with evolving industry standards.

3.  VENTILATION DESIGN FOR CONVEYOR BELT SAFETY IN 

COAL MINING

Effective ventilation design is fundamental to maintaining 

safe conveyor operations in coal mines. Conveyor belt 

entries present unique fire and smoke-management 

challenges, requiring engineered airflow pathways, 

predictive modelling, and robust isolation controls. 

Together, these elements form a ventilation strategy that 

protects personnel, preserves escape routes, and limits the 

spread of combustion products during an emergency.

Dedicated Belt Entries

Many coal mines utilise dedicated belt entries to separate 

conveyor infrastructure from primary travel ways and intake 

air courses. This segregation reduces the likelihood that 

smoke, heat, or contaminants generated along the belt 

line will compromise worker access or ventilation quality 

in adjacent areas. Dedicated entries also allow airflow 

to be directed specifically along the conveyor route, 

improving the dilution of dust and heat while supporting 

early detection of abnormal conditions. By isolating the belt 

from critical intake pathways, mines can better manage fire 

risk and maintain compliance with regulatory requirements 

governing belt-air use.

Airflow Modelling to Predict Smoke Movement

Modern ventilation planning increasingly relies on 

computational airflow modelling to understand how smoke 
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and heat would behave during a belt fire. These models 

simulate air velocities, pressure zones, and potential 

recirculation paths, enabling engineers to identify vulnerable 

areas where smoke could accumulate or migrate toward 

escape routes. Predictive modelling supports decisions on 

regulator placement, fan settings, and the design of auxiliary 

ventilation controls. In emergency planning, it provides 

valuable insight into evacuation timing, smoke spread 

rates, and the effectiveness of suppression systems. By 

anticipating smoke behaviour, mines can design ventilation 

systems that limit exposure and enhance survivability.

Fire Doors and Stoppings to Isolate Sections

Physical isolation structures – such as fire doors, 

stoppings, and overcasts – play a crucial role in controlling 

airflow and containing smoke during a conveyor fire. 

Properly constructed stoppings prevent contaminated air 

from migrating into intake entries, while fire doors allow 

controlled access without compromising the integrity of 

the ventilation circuit. In the event of an incident, these 

structures help maintain pressure differentials that keep 

smoke confined to designated zones, protecting escape 

routes and working sections. Their effectiveness depends 

on correct installation, regular inspection, and integration 

with the broader ventilation plan.

Integrated Approach to Conveyor Ventilation Safety

Ventilation design for conveyor belt entries is most effective 

when treated as an integrated system. Dedicated entries 

reduce exposure pathways, airflow modelling informs 

engineering decisions, and isolation structures provide 

physical barriers that reinforce the ventilation network. 

Together, these measures enhance fire preparedness, 

support regulatory compliance, and contribute to a safer 

working environment across both underground and surface 

coal operations.

4.  SUPPRESSION SYSTEMS FOR CONVEYOR AND 

INFRASTRUCTURE SAFETY IN UNDERGROUND COAL MINING

Fire suppression systems are a critical component of 

risk management in underground coal mines, where 

confined spaces, combustible materials, and continuous 

conveyor operations create conditions in which even 

minor ignition sources can escalate rapidly. Effective 

suppression strategies combine engineered systems, 

targeted extinguishing agents, and strategically placed 

manual equipment to control fires at their earliest stages 

and protect personnel and infrastructure.

Water Deluge Systems

Water deluge systems remain one of the most widely used 

suppression methods in underground coal operations. 

Installed along conveyor belt lines, transfer points, and 

drive areas, these systems deliver high-volume water 

flow to rapidly cool surfaces, suppress flames, and 

prevent re-ignition. Deluge nozzles are typically activated 

automatically through heat or flame detection, ensuring 

rapid response even in remote or inaccessible sections of 

the mine. Their ability to blanket large areas makes them 

particularly effective for conveyor belt fires, where heat can 

spread quickly along the belt structure.

Foam‑Based Suppression for Coal‑Rich Environments

In areas where coal dust, accumulations of fine material, 

or hydrocarbon contaminants are present, foam-based 

suppression systems offer enhanced performance. Foam 

agents create a stable blanket that smothers flames, 

isolates fuel from oxygen, and reduces the likelihood of 

dust-driven flare-ups. This is especially valuable in coal-rich 

environments where water alone may disperse dust or fail 

to penetrate deep into material piles. Foam systems can be 

integrated with existing deluge infrastructure or deployed 

as standalone units in high-risk zones such as loading 

points, storage areas, and conveyor transfer stations.

Fire Hydrants and Strategically Placed Extinguishers

Manual firefighting equipment remains an essential 

complement to automated systems. Fire hydrants 

positioned along main travel ways and near conveyor 

installations provide miners with immediate access to 

high-pressure water supplies during early-stage incidents. 

Portable extinguishers – selected for compatibility with 

coal, electrical equipment, and mechanical components 

– are strategically located to support rapid intervention. 

Their placement is typically informed by risk assessments, 

ensuring coverage of drive heads, take-ups, electrical 

substations, and other ignition-prone areas. Regular 

inspection and training ensure that personnel can deploy 

these tools effectively when needed.

Integrated Suppression Strategy

A robust fire-suppression framework in underground coal 

mining relies on the integration of automated and manual 

systems. Water deluge networks provide broad coverage, 

foam systems address coal-specific hazards, and hydrants 

and extinguishers enable targeted human response. 

Together, these measures reduce the likelihood of fire 

escalation, support regulatory compliance, and enhance 

the overall resilience of underground operations.

5.  HOUSEKEEPING AND DUST CONTROL IN UNDERGROUND 

COAL MINING

Effective housekeeping and dust control are essential 

components of safe and efficient underground coal mining. 

Conveyor belt roads, transfer points, and loading areas 

generate significant dust and spillage, all of which can 

compromise air quality, increase fire risk, and hinder equipment 

performance. A structured approach to cleaning, suppression, 

and material management is therefore critical to maintaining 

regulatory compliance and protecting worker health.

Regular Cleaning of Belt Roads

Belt roads accumulate coal fines, spillage, and debris 

as part of normal operation. If left unmanaged, these 

materials can obstruct walkways, interfere with conveyor 

components, and contribute to combustible dust hazards. 

Regular cleaning – using mechanical sweepers, vacuum 

systems, or manual removal – helps maintain clear access 

routes and reduces the likelihood of frictional heating 

caused by material buildup around idlers and pulleys. 

Consistent housekeeping also supports early detection of 

equipment faults by keeping critical components visible 

and accessible.
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Dust Suppression Sprays

Dust suppression sprays are widely used to control airborne 

coal dust at conveyor transfer points, loading zones, and 

along belt lines. These systems apply fine water mist or 

wetting agents to bind dust particles and prevent them from 

becoming airborne. In underground environments, where 

ventilation pathways are limited, effective suppression 

is essential for maintaining respirable dust levels within 

regulatory limits. Properly designed spray systems also 

reduce the accumulation of fine material on equipment 

surfaces, lowering the risk of ignition and improving overall 

air quality.

Removal of Coal Spillage

Coal spillage is an unavoidable aspect of conveyor 

operation, but its prompt removal is vital. Spillage can 

accumulate beneath idlers, leading to belt misalignment, 

increased friction, and potential fire hazards. It can also 

obstruct drainage pathways, contributing to water pooling 

and equipment corrosion. Systematic removal – supported 

by designated cleanup schedules and rapid-response 

procedures – helps maintain safe working conditions and 

prevents minor issues from escalating into operational 

disruptions.

An Integrated Approach to Dust and Housekeeping 

Management

Housekeeping and dust control are most effective when 

implemented as part of an integrated mine-wide strategy. 

Regular cleaning maintains safe access, suppression 

sprays limit airborne contaminants, and timely spillage 

removal protects both equipment and personnel. Together, 

these practices support regulatory compliance, enhance 

fire prevention, and contribute to a safer, more reliable 

underground coal mining environment.

Here is a clear, technically grounded article tailored for 

the underground coal mining industry, written in a formal, 

brand-neutral style suitable for professional audiences.

Emergency Preparedness in Underground Coal Mining

Emergency preparedness is a foundational element of risk 

management in underground coal mining. The enclosed 

nature of mine workings, combined with the presence of 

combustible materials, machinery, and complex ventilation 

networks, means that rapid, well-coordinated responses 

are essential when incidents occur. Effective preparedness 

relies on engineered refuge options, multiple escape 

pathways, and realistic training that equips workers to act 

decisively under pressure.

Refuge Chambers

Refuge chambers provide a critical last line of protection 

when escape routes become compromised. These sealed, 

reinforced structures are designed to sustain life for 

extended periods by supplying breathable air, maintaining 

positive pressure, and filtering contaminants such as 

carbon monoxide and smoke. Chambers are typically 

equipped with communication systems, first-aid supplies, 

water, and provisions to support occupants until rescue 

teams arrive or conditions improve. Their placement 

is determined through risk assessments that consider 

travel distances, ventilation patterns, and potential fire 

or explosion scenarios. In emergency planning, refuge 

chambers serve as secure havens that significantly 

increase survivability when evacuation is not immediately 

possible.

Redundant Escapeways

Redundancy in escapeways is essential to ensure that 

miners always have a viable route to safety. Underground 

coal mines typically maintain at least two independent 

escapeways, each supported by clear signage, adequate 

lighting, and regular inspections. These routes must remain 

free of obstructions and be protected from hazards such as 

roof falls, water ingress, or smoke migration. Redundant 

pathways also support staged evacuation strategies, 

allowing personnel to move away from affected areas while 

maintaining access to fresh air and communication points. 

Their reliability is central to emergency response planning 

and regulatory compliance.

Realistic Fire Drills

Training is most effective when it reflects the conditions 

miners may face during an actual emergency. Realistic 

fire drills – conducted under controlled but challenging 

scenarios – help workers develop familiarity with 

evacuation routes, communication protocols, and the use 

of self-rescuers. Drills often incorporate simulated smoke, 

reduced visibility, and timed escape exercises to build 

confidence and reinforce muscle memory. Regular practice 

ensures that personnel can respond quickly and calmly, 

reducing confusion and improving overall evacuation 

performance. These exercises also provide valuable 

feedback for refining emergency plans and identifying 

weaknesses in infrastructure or procedures.

Building a Culture of Preparedness

Emergency preparedness in underground coal mining is 

not defined by any single measure but by the integration of 

engineered systems, redundant pathways, and well-trained 

personnel. Refuge chambers offer secure protection when 

escape is impossible, multiple escapeways ensure viable 

evacuation options, and realistic drills prepare workers to 

act effectively in high-stress situations. Together, these 

elements create a resilient safety framework that enhances 

survivability and strengthens the mine’s overall emergency 

response capability.

Conveyor belt fires remain one of the most dangerous 

hazards in underground coal mining. While modern 

materials and monitoring systems have reduced risk, 

the combination of mechanical complexity, combustible 

materials, and confined spaces means that vigilance is 

essential. The case studies above demonstrate that even 

small mechanical faults can escalate into major incidents 

when detection is delayed or environmental conditions 

favour fire spread.

By integrating robust engineering controls, rigorous 

maintenance, and advanced monitoring technologies, 

mines can significantly reduce the likelihood and severity 

of conveyor belt fires
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ENTILATION IN UNDERGROUND MINING

Effective ventilation is a foundational 

requirement for safe and productive 

underground mining. Without 

controlled airflow, hazardous 

concentrations of methane, carbon 

monoxide, respirable coal dust, and 

other noxious gases can accumulate, creating conditions 

conducive to explosions, fires, and acute or chronic 

health impacts. Maintaining adequate oxygen levels 

and ensuring the continuous dilution and removal of 

contaminants are therefore central objectives of any mine 

ventilation strategy.

Gordon Barratt of Coal International takes a look at 

how Ventilation has developed through the years.

This article examines the core engineering principles that 

govern underground ventilation systems, the technologies 

and design methodologies currently in use, the operational 

and geological challenges that influence system 

performance.

THE HISTORICAL DEVELOPMENT OF UNDERGROUND 

VENTILATION SYSTEMS

The control of underground atmospheres has been a 

defining challenge throughout the history of mining. As 

early miners expanded their workings beyond shallow adits 

and surface-connected stopes, the need to manage heat, 

dust, and noxious gases became increasingly apparent. 

The evolution of ventilation systems reflects both the 

growing complexity of underground operations and the 

parallel advancement of engineering knowledge.

EARLY PRACTICES AND NATURAL VENTILATION

In antiquity, ventilation relied almost entirely on natural 

draughts. Egyptian, Greek, and Roman miners constructed 

auxiliary openings – shafts, crosscuts, and small airways 

– to exploit pressure differentials created by wind and 

temperature gradients. Although rudimentary, these 

methods represented the first systematic attempts to 

control airflow and mitigate the accumulation of smoke, 

dust, and naturally occurring gases.

THE DEEPENING OF MINES AND THE RISE OF MECHANICAL 

SOLUTIONS

By the 16th and 17th centuries, European mines were 

reaching unprecedented depths, and natural ventilation 

was no longer sufficient. Stagnant air, heat buildup, and 

the presence of “blackdamp” and “firedamp” became major 

operational hazards. Miners introduced simple mechanical 

aids such as hand-operated bellows and furnace ventilation, 

where heated air rising through a shaft induced airflow 

through the workings.

Ventilation challenges

V
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Basic Natural Ventilation Using Two Openings Furnace-Induced Ventilation

The industrial expansion of the 18th century – particularly 

in coal mining – brought a surge in methane-related 

explosions. This period marked a turning point: the first 

large-scale mechanical fans were introduced in Britain, 

and engineers such as George Stephenson applied steam 

power to drive ventilation machinery. These innovations 

enabled more predictable airflow and significantly reduced 

the risk of gas accumulation.

Technological Maturation in the 19th and 20th Centuries

By the late 19th century, ventilation engineering had 

become a distinct discipline. Purpose-built centrifugal and 

axial fans replaced earlier furnace systems, offering higher 

capacities and improved reliability. Flameproof (Ex-rated) 

designs emerged in response to catastrophic methane 

explosions, ensuring that ventilation equipment itself did 

not become an ignition source.
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Throughout the 20th century, advances in fluid mechanics, 

electrical engineering, and materials science transformed 

ventilation practice. The introduction of auxiliary fans, 

booster fans, and regulated airways allowed engineers to 

design complex, multi-branch ventilation networks capable 

of supporting large-scale mechanised mining. Regulatory 

frameworks also strengthened, mandating minimum air 

quantities, gas monitoring, and system redundancy.

THE DIGITAL ERA AND MODERN VENTILATION ENGINEERING

In recent decades, underground ventilation has entered a 

new phase driven by automation, real-time monitoring, and 

computational modelling. Sensor networks now provide 

continuous data on methane, carbon monoxide, airflow, 

and temperature. Ventilation-on-demand (VOD) systems 

dynamically adjust air distribution based on equipment activity 

and gas levels, reducing energy consumption while maintaining 

safety. Computational fluid dynamics (CFD) has become a 

standard tool for predicting airflow behaviour, optimising fan 

placement, and evaluating emergency scenarios.

CONCLUSION

The development of underground ventilation systems reflects 

the broader trajectory of mining engineering: from empirical 

practices to scientifically grounded, technology-driven 

solutions. What began as simple 

reliance on natural airflow has 

evolved into sophisticated, 

automated systems capable of 

managing complex underground 

environments. As mines continue 

to deepen and mechanise, 

ventilation engineering will 

remain central to ensuring 

safe, efficient, and sustainable 

operations.

CORE FUNCTIONS OF 

UNDERGROUND MINE VENTILATION

The primary purpose of underground ventilation is to supply 

clean, breathable air to all working areas while preventing 

the accumulation of hazardous gases, dust, and heat. Key 

engineering objectives include:

• Dilution and Removal of Contaminants

Ventilation must continuously dilute and remove methane, 

carbon monoxide, blasting fumes, and respirable dust 

generated during extraction, haulage, and support activities.

• Control of Microclimate

Temperature and humidity must be regulated to maintain 

acceptable working conditions and prevent heat stress, 

particularly in deep or high-heat-load mines.

• Prevention of Gas Ignition

Airflow must be managed to prevent methane layering, 

minimise ignition potential, and ensure rapid removal of 

flammable or toxic gases.

REDUCTION OF FIRE AND EXPLOSION HAZARDS

Properly directed airflow reduces the likelihood of explosive 

gas concentrations and supports emergency response 

strategies in the event of a fire.

Diagram 3 – Early mechanical fan ventilation
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GLOBAL APPROACHES TO UNDERGROUND VENTILATION

Ventilation practices vary internationally based on geology, 

regulatory frameworks, and methane emission profiles.

• United States: Split-ventilation systems are widely used 

to isolate air circuits and maintain strict control over 

methane concentrations in gassy coal mines.

• Australia: Dynamic ventilation strategies – periodically 

altering airflow direction or volume – are applied in 

high-risk environments to improve gas management 

and enhance monitoring capability.

These regional approaches illustrate the diversity 

of engineering solutions employed to maintain safe 

atmospheric conditions.

VENTILATION PLANNING AND TECHNICAL REQUIREMENTS

A mine ventilation plan must be engineered to reflect 

site-specific geological, climatic, and operational conditions. 

Key design requirements include:

• Airflow Volume and Velocity Calculations

Air quantity must be allocated per worker and per production 

unit, with increased airflow required in high-methane mines. 

Typical design ranges include:

• Low-methane mines: 1–2 m/min

• Moderate-methane mines: 3–6 m/min

• High-methane mines: 20–25 m/min

• Safety and Redundancy

Ventilation systems must remain operational during power 

failures. Backup generators, auxiliary fans, and integrated 

monitoring and alarm systems are essential components of 

a resilient ventilation network.

• Intake and Exhaust Systems

Mechanical ventilation equipment must be certified 

explosion-proof (Ex-proof) to prevent ignition of methane-air 

mixtures. This requirement is particularly critical in 

methane-drainage or high-gas-emission operations.

ADVANCES IN VENTILATION TECHNOLOGY AND RESEARCH

Modern ventilation engineering increasingly relies on 

digital tools. Computational fluid dynamics (CFD), real-time 

sensor networks, and automated control systems enable 

continuous monitoring of airflow, gas concentrations, and 

pressure differentials. Research such as that by McPherson 

et al. (2015) demonstrates the value of simulation models 

for predicting methane behaviour and optimising ventilation 

layouts, contributing to more robust safety strategies.

PRACTICAL APPLICATIONS AND INTERNATIONAL EXAMPLES

Several countries have implemented innovative ventilation 

configurations to improve system performance:

• Russia: Multi-fan systems operating in parallel provide 

more uniform airflow distribution across extensive 

underground networks.

Russia’s deep and extensive underground mines – particularly 

in the Kola Peninsula, Norilsk region, and parts of Siberia – have 

long relied on multi-fan ventilation systems operating in parallel 

to maintain stable airflow across vast, branching networks. 

These systems are designed to overcome the limitations of 

single-fan configurations, especially in mines with:

•  Long haulage drifts

•  Multiple production blocks

•  High heat loads

•  Complex, multi-level layouts

Parallel fan operation is a defining feature of Russian 

ventilation engineering, supported by decades of research 

from institutions such as the Mining Institute of the Ural 

Branch of the Russian Academy of Sciences. Studies 

highlight that single-fan systems are well understood, but 

multi-fan optimisation remains an active area of research, 

particularly in Russia’s automated ventilation control systems 

(AVCS).

WHY PARALLEL MULTI-FAN SYSTEMS ARE USED

1. Uniform Airflow Distribution

 Operating several main fans in parallel reduces 

the pressure differential across any single airway. 

This prevents over-ventilation of some districts and 

under-ventilation of others.

2. Redundancy and Reliability

 If one fan requires maintenance, others can maintain 

minimum airflow without shutting down production.

3. Energy Efficiency

 Parallel operation allows fans to run at lower individual 

speeds, reducing specific energy consumption – an 

important factor in Russian mines where ventilation is a 

major power draw.

4. Compatibility with Automated Control

 Russia’s AVCS systems dynamically adjust fan speeds 

and ventilation door positions to optimise airflow 

distribution in real time. Multi-fan setups provide the 

flexibility needed for such optimisation.

SYSTEM ARCHITECTURE

A typical Russian multi-fan parallel system includes:

•  Two or more main fans installed on surface bulkheads

•  Parallel intake or exhaust drifts feeding into a common 

airway

•  Booster fans in deep or remote districts

•  Ventilation doors and regulators controlled by 

microprocessor-based systems

•  Airflow sensors distributed throughout the network

•  Automated control algorithms that adjust fan speed and 

door positions

BASIC PARALLEL FAN CONFIGURATION

Key behaviour:

•  Both fans discharge into the same exhaust airway.

•  Pressure contributions combine, increasing total airflow.

•  If Fan A slows, Fan B compensates automatically under 

AVCS logic.
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AIRFLOW DISTRIBUTION ACROSS MULTIPLE DISTRICTS

Interpretation:

•  Parallel fans feed a shared intake network.

•  Airflow divides according to airway resistance.

•  Automated regulators adjust resistance to maintain 

required flows.

PRESSURE–FLOW RELATIONSHIP IN PARALLEL FANS

Engineering insight:

•  Parallel fans increase total airflow at a given pressure.

•  The combined curve lies to the right of individual fan 

curves.

•  This is ideal for large mines with high volumetric 

demand.

Russian AVCS platforms use:

•  Real-time airflow modelling

•  Microcontroller-based fan and door control

•  Optimal air distribution algorithms

•  Partial recirculation strategies

These systems automatically determine 

the best operating parameters for each fan, 

ensuring uniform airflow and minimising 

energy consumption.

OPERATIONAL ADVANTAGES IN RUSSIAN 

MINES

Improved airflow stability

Parallel fans reduce the risk of airflow 

reversal or instability during fan trips.

Better control of contaminants

Uniform distribution ensures consistent 

dilution of diesel particulates, methane, and 

heat.

SCALABILITY

As new levels or blocks are developed, 

additional fans can be integrated without 

redesigning the entire system.

LOWER SPECIFIC ENERGY CONSUMPTION

Studies from Russian mines show significant 

savings when fan motors are modernised and 

operated under optimised load conditions.

MULTI-LEVEL RUSSIAN MINE LAYOUT WITH 

PARALLEL FANS

Effect:

Parallel fans maintain consistent pressure 

across all levels, preventing airflow collapse 

in deeper blocks.

FUTURE DIRECTIONS IN RUSSIA

•   Digital twins for real-time airflow 

simulation

•  AI-driven optimisation of fan speed and regulator settings

•  Integration with mine electrification to reduce heat load

•  Advanced recirculation systems to reduce intake air 

requirements

This example highlights the growing emphasis on 

automation and adaptive control in modern mine ventilation 

engineering.

CONCLUSION

Ventilation remains one of the most critical components of 

underground mine safety. Effective systems ensure adequate 

oxygen supply, control methane and carbon monoxide 

concentrations, and reduce the likelihood of fires and 

explosions. Advances in modelling, automation, and sensor 

technology continue to enhance the reliability and efficiency 

of ventilation networks. Because each underground mine 

presents unique geological and operational challenges, 

ventilation systems must be tailored accordingly to maintain 

safe and compliant working conditions.
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