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Today's Talking Points   

• Diesel engine emissions regulations  
Past, Present, & Future 

• The “Tier 4 hurdle” 
• How we meet today’s standards 
• Exhaust aftertreatment technologies 
• Analyzing your current equipment                         

  Repair vs. Repower vs. Replace  
• Q & A period  



Emissions Alignment 
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EPA is the Rule Maker 
Diesel Emission Regulations 

What is Regulated? 
 

  

 
NOx 

PM 

- oxides of nitrogen   
- urban smog 

- particulate matter    
- health effects  



What does Environment Canada Regulate? 

Particulate Matter (PM) 

• Made up of Carbon Soot (C), Ash, Organic 
material & sulphates 

 
Hydrocarbons (HC) 

• Some have irritating odor, toxic and/or 
carcinogenic 
 

Carbon Monoxide (CO) 
• Colorless, odorless and tasteless gas 



 
- Calcium, sulfur, zinc and phosphorous compounds (Ca, S, Zn and P) 
- CaSO4, calcium sulfonate as anhydrite (60%) 
-  Zn2P2O7, zinc pyrophosphate (20%) 

What Is Ash? 
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EPA Emission Standards: Off-Hwy 
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Global Emission Regulations Expanding 



Worldwide Emission Regulations 
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2015 Projection 
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2025 Projection 

Unregulated 

Tier 1 / Stage I 

Tier 2 / Stage II 

Tier 3 / Stage IIIA 

Tier 4i / Stage IIIB 

Tier 4f / Stage IV 

5 
4f 

V 

IIIA 

4f 

IIIB 

IV 

IIIA 

V 

Tier 5 / Stage V 

II 

IV 



Confidential  

Tier 4 Regulations   

  Two-phase introduction of INTERIM & FINAL  

  For above 173 hp category: 

 - INTERIM began 1/1/2011                                                        
 - FINAL began     1/1/2014 

 15-ppm Ultra Low Sulfur Diesel fuel will be                    
mandated to enable emissions compliance  

  US, Canada, EU & Japan are broadly aligned 

 

http://images.google.com/imgres?imgurl=http://www.33ff.com/flags/XL_flags_embossed/European-Union_flag.gif&imgrefurl=http://www.33ff.com/flags/worldflags/European-Union_flag.html&h=240&w=360&sz=11&hl=en&start=5&tbnid=QITdxho5RhnCYM:&tbnh=81&tbnw=121&prev=/images%3Fq%3Deuropean%2Bunion%2Bflag%26gbv%3D2%26svnum%3D10%26hl%3Den%26sa%3DG�


Regulation by HP Range 
 

 Equipment OEMs will have to meet T4 next year  
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Tier 4 Challenge 
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TPEM / FLEX   

 Transition Program for                           
Equipment Manufacturers   

 Allows installation of engine                          
from previous Tier 

 Provides a window of time for re engineering 

 Either % of production or absolute volume of 
engines 



Evolution of the Diesel Engine 

Tier 3 base platform  

 Electronics 

Advanced Combustion 

VGT 

Particulate Filter 

Crankcase Filter 

HPCR 
Cooled EGR 

17 



Advanced Combustion  

•  Tier 2 emissions levels require further 
optimization of combustion 

• Avoid risk of mechanical stress by:                                            

 - managing piston speed & 
cylinder pressure                                                         
- achieving uniform ring 
temperature                                                                      
- applying piston cooling 
techniques 

  



HPCR Fuel Systems 

•  Higher fuel injection pressure                                                          
 - Very fast response with multiple injection events   
 - Precise control of fuel metering timing  

• Not connected to engine speed                                                   
or load conditions 

•  Multiple injection events 

• Improves cold start, idle                                                  
stability & engine response  

• Reduces noise & vibration 

 

 

Engine Speed (RPM) 

Pr
es

su
re

 (M
Pa

) 

High Pressure Common Rail 

Pump-Line-Nozzle 

   Electronic Unit Injection 



C
AC

 

EGR-Cooler 

VG Turbo 

Air EGR Control Valve 

Recirculated exhaust gas 
dilutes the oxygen 
concentration in the 
cylinder resulting in lower 
peak combustion 
temperatures & lower NOx 

 

 

VGT is used to maintain correct 
pressure differential across the 
engine & control EGR and 
charge flow 

Control valve used to control % 
EGR returned to cylinder 

How CEGR Works 

Exhaust gas is cooled 
before mixing it with 
incoming air charge          
to the cylinder 
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Diesel Particulate Filter (DPF)                             
Collects and oxidizes carbon to remove 
Particulate Matter (PM) from the exhaust 

     Particulate Filter 

Diesel Oxidation Catalyst (DOC)                   
Increases oxidation of carbon in the DPF and 
improves passive regeneration for improved fuel 
efficiency 



• PM reduction product via catalyst 
 
Flow-through substrate 

• Made of cordierite or metal 
• No maintenance necessary 

 
Substrate is coated with precious metals 

• Platinum (Pt) and Palladium (Pd)  
 

• Enhances combustion of diesel fuel in 
the exhaust stream to generate heat for 
active regen of DPF 

 
 

 

What is a DOC?  

Light seen through  
substrate paths 



What is a DPF?  

Ceramic Wall flow filter  
• Every other channel is closed, forcing 

exhaust gas through walls of filter  
• Made of cordierite or silicon carbide 

Porous ceramic walls capture soot and ash 
from exhaust 

• Soot is removed by periodic regeneration 
(active / passive) 

• Ash accumulates, requiring DPF removal 
and maintenance 

 

 



What is Regeneration? 

• Carbon (soot) converted to 
carbon dioxide at a faster rate 
than the filter is collecting 

• Passive regeneration is about 
self-cleaning – the system 
naturally takes care of itself 

Passive 
Regeneration 



• Occurs when the filter loads up with soot (carbon) 
• Delta P increases to a certain level & ECM knows 

passive regeneration is not removing the soot 

Active 
Regeneration 

What is Regen? 
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Selective Catalytic Reduction Fundamentals 

1 2 3 
DEF Injection 
• Small quantity of DEF 

injected 
• Proportional to NOx rate 
• 32.5% solution in water, 

freezing point = -11° C 
• Stored in heated tanks 
• (NH2)2CO 

 

Hydrolysis 
• DEF breaks down 

by hydrolysis to 
form ammonia 

• NH3 

 

NOx Catalysis 
• NO and NO2 react 

with ammonia over a 
catalyst to form 
nitrogen and water 
vapor 
 

4 
Ammonia Slip 
• Any trace amounts of 

ammonia remaining 
after reaction with NOx 
is broken down to 
nitrogen 

• Maximum tailpipe 
ammonia 10PPM 
 

DEF 
Injector 

SCR 
Catalyst 

Slip 
Catalyst 

http://en.wikipedia.org/wiki/Image:Urea.png�


What is Urea or Diesel Exhaust Fluid? 

• Non-toxic solution of 32.5% Urea and 67.5% 
Water 

• Concentration ratio with lowest freezing point       
(-11°C) 

• Eutectic solution – concentration does not 
change with freezing / thawing  
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Equipment Analysis 

REPAIR 
• Running engine hrs 
• In-frame estimate 
• Relation to certified 

service outlet 

REPOWER 
• Regulations in 

region 
• Availability of 

ReCon 
• Tier 3 Engine 

options 

REPLACE 
• Low value asset 

• Additional driveline work 
• Resale market 



Independent Survey Results 

• Tier IV final prices expected + 10% - 25%  
• Operating costs of Tier IV Interim are up 10%  
• Lease and rental rates expected to increase 
• Decrease in residual values expected to increase 

demand for rentals 
• Tier IV Final will increase need for dealer service 
• Fleet age to increase 

 
 
 * Source: Manfredi & Associates and AEM 
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