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Diesels Underground
• Safe use of diesels underground requires:

• Well designed, adequately constructed, fully 
tested and approved diesel engines and 
machines.

• An effective preventative maintenance 
program utilizing diesel emissions testing.

• A well-engineered mine ventilation system.
• An adequate air quality monitoring system, 

including ambient air sampling and personnel 
monitoring.



Diesel Pollutant Formation

Even if we had a “perfect” diesel engine, 
ventilation would still be required for CO2.

Deutz AG

Undiluted Concentration
Constituent Old Engine New Engine
CO2 (%) 8.0 6.0
CO (ppm) 425 50
NO (ppm) 402 550
NO2 (ppm) 10 40
SO2 (ppm) 17.9 13.1
DPM (mg/m3) 70 15.5



Role of Diesel Emission Control 
Technologies

• Can address localized air quality problems.
• Control emissions at the source.
• Reduce overall mine emissions burden• Reduce overall mine emissions burden
• Future regulations
• OEM applications



Best Available Diesel Emissions 
Control Technologies

• Diesel Oxidation Catalysts (DOC)
• Diesel Particulate Filters (DPF)
• Active Diesel Particulate Filters (A-DPF)
• Selective Catalytic Reduction (SCR)• Selective Catalytic Reduction (SCR)
• Water Scrubbers
• Fume Diluters



Diesel Oxidation Catalyst DOC
• Most basic type of control CO HC & some DPM 

only
• CO + ½O2 �  CO2
• HC + O2 �  H2O + CO2

Emission Conversion EfficiencyEmission Conversion Efficiency
Caterpillar 3306 PCNA with DCL Diesel Oxidation Cat alyst
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Diesel Particulate Filter (DPF) 
• Ceramic monolith
• Closed channel – wall flow
• Best available control 

technology for DPM



DPF Loading and Regeneration
• Collect DPM at high 

efficiency (>80%).
• Burn off DPM to CO2.
• Ignition temperature • Ignition temperature 

very high 550oC
• Assist needed for regen: 

catalyst, fuel additive, 
active, etc.



Catalyzed DPFs
• Catalyst lowers the 

required regeneration 
temperature so that more 
vehicle applications can 
use the DPF technology

• Catalyst can be applied 
directly to the filter directly to the filter 
monolith – where it works 
on the accumulated DPM 
directly, or it can be 
mounted upstream of the 
DPF in a separate 
housing where it 
generates NO2.  The NO2
assists regeneration.



DPF - Performance – DPM 
filtration efficiency (% by mass)

Mode A Mode B Mode C Mode D Average

Clean 80.3 66.7 75.9 87.1 77.5Clean 80.3 66.7 75.9 87.1 77.5

Charged 95.5 90.0 88.9 91.1 91.4

Average 87.9 78.3 82.4 89.1 84.4



DPF -Particle Number Reduction
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Regeneration Strategies
• Very important!
• Without periodic regeneration, 

DPF will clog and fail.
• This regeneration may 

happen automatically with 
sufficient exhaust 
temperatures – or may require temperatures – or may require 
external heat input.



Active Regeneration - DPF
• Electrical / Diesel fuel
• On-board / 

exchangeable
• Additional heat input 

for periodic regen.



Diesel Burner for Active Regen
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Regeneration Emissions Control
• Regeneration of filter 

produces emissions.
• Regeneration must 

take place in a 
controlled area with 
adequate ventilation.
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Selective Catalytic Reduction 
• SCR for NO and NO2 emissions control
• NOx reduction in lean environment
• Addition reductant sprayed into exhaust
• 4NO + 4NH3 + O2  �   4N2 + 6H2O
• 6NO2 + 8NH3 �   7N2 + 12 H2O• 6NO2 + 8NH3 �   7N2 + 12 H2O



SCR in U/G Mines
• Strong potential for mines with NO2 issues.
• Field trials are currently underway.
• Urea handling and dosing.
• Dosing and feedback emissions control.



Water Scrubbers / Fume Diluters
• Older technology
• May have some applications for coal 

mining or other specific problems.



Control Technology Summary

Typical Emission Reductions (%)
Constituent Oxidation Catalyst Diesel Filter Catalysed  Filter SCR Water Scrubber

CO2 0 0 0 0 0
CO 60 - 80 0 60 - 80 0 0
HC 60 - 80 0 60 - 80 0 0
NO 0 0 0 60 - 80 0
NO2 0 or increase 0 0 or increase 60 - 80 0
SO2 0 0 0 0 0
DPM 20 - 30 85 - 95 85 - 95 0 20 - 30



Maintenance
• Some maintenance required!
• Inspection for physical 

damage and emissions 
performance.



Recognizing Device Failure 
• Visual inspection at regular PM service:

• Disassembly and cleaning as required.
• Engine backpressure increase over baseline.

• Smoking exhaust.• Smoking exhaust.
• Engine performance loss.

• Emissions-based maintenance program.
• Regularly quantify device performance.



DOC Failure Modes
• Diesel Oxidation Catalyst:

• Clogging / masking of active sites (DPM).
• Poisoning – fuel sulphur, metals.
• Loss of washcoat and catalyst material.• Loss of washcoat and catalyst material.
• Physical damage:

• Melting of ceramic.
• Cracking (impact / thermal).
• Separation of metal foils – vibration.



Clogging Melting

DOC Failures

• Visual Inspection:

Cracking Foil separation



DPF Failure Modes (1)

• Operational / Application: 
• Clogging DPM – insufficient regeneration.
• Clogging ash – overdosing additive.• Clogging ash – overdosing additive.
• Water ingress – vehicle cleaning.
• Oil ingress – turbocharger seal failure.
• Melting – uncontrolled regeneration.



Clogging 
DPM

Clogging ash

Oil ingress

Water ingress



Breakthrough of DPM

Penetration 
failure

Test for suspected 
breakthrough with 
compressed air in normal 
flow direction.



DPF Failure Modes (2)

• Physical Damage:
• Surface damage:

• Impact abrasion – mishandling.• Impact abrasion – mishandling.
• Substrate contact with can or retaining rings –

vibration / deterioration of mat.
• Melting – uncontrolled regeneration.
• Cracking – vibration / impact / thermal stress 

(regeneration).



Surface 
abrasion

Cracking and separation 
of cell blocks

Mat 
deterioration 
and can contact

of cell blocks

Cracking



X-ray Inspection

Melting

Cracking

Melting

MeltingKnown good sample



Inspection – JMC DPF HD820
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Borescope Inspection



Inspection – ECS Unikat HD213A
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Low Sulphur Fuel
• All of these technologies require ULSD to be 

effective.



Developing an Emissions Control 
Strategy

• You want to implement an emissions control plan 
for your mine using aftertreatment technology.

• Who do you target?• Who do you target?
• Which vehicles are the biggest contributors?
• Where is your biggest “bang for the buck”
• Low sulphur fuel is a prerequisite for most 

emission control technologies
• Technologies are more complex now – don`t 

forget training!



Summary: Controlling Diesel 
Emissions Underground

• Successful control of emissions requires:
• Knowledge of the high emitting vehicle groups.
• Integrated ventilation and emission control • Integrated ventilation and emission control 

technology application plan.
• Emissions testing (ambient and tailpipe) for 

benchmarking and goal setting
• Training for personnel – operators and 

mechanics


