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Basic PM Control Technologies

e Level 1 (25 to 49% reduction)
— Diesel oxidation catalyst (DOC)

e Level 2 (50 to 85% reduction)
— Partial filters

e Level 3 (>85% reduction)
— Wall flow diesel particulate filters

, cleaire
\_/_/,\

NNNNNNNNNNNNNNNNNNNNNNNNN



Diesel Oxidation Catalyst (Level 1)

DOC

Carbon
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e PM ~25-30% Reduction

— Engine dependent
— Only removes soluble fraction



Partial Filter (Level 2)

Partial filter
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e PM ~50-65% Reduction

— Removes soluble fraction
— Slight reduction in carbon soot




Diesel Particulate Filter (Level 3)

e PM 95% to 95% Reduction
— Diesel soot
— Ultrafine
— Lube ol

DFP
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Diesel Particulate Filter

o Comprised of alternating open and closed
channels. Channels open on one side, closed
on the other.

— Step 1: Diesel exhaust enters engine side open
channels

— Step 2: Exhaust must travel through filter wall
because opposite end of channel blocked

— Step 3: Only gases are able to travel through wall
and particulate is trapped within filter channels

Diesel Particulate Filter




Particulate Regeneration

o Captured particulate must be “processed” to

prevent filter plugging

e 2 options
— Active regeneration
* Physical removal

e Electric bake-out
e Burner bake-out

— Passive regeneration
o Catalyzed oxidation
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Active Regeneration

* Physical removal

— Remove filter from vehicle and reverse flow with
compressed air using appropriate equipment

— Not very practical or time efficient

e Electric bake-out

— Periodically connect system to electric power to
activate integrated heating element

— Oxidizes soot much like self-cleaning oven
e Burner bake-out

— Periodically cycle diesel burner
— Oxidizes soot much like self-cleaning oven
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CARB On-Road Verified Level 3 Systems

Product Name PLUS [Technology Type PM  NOx Applicability

Passive Regeneration Systems
Cleaire Longview Pending Lean :n%xD(;?;[alyst 85% | 25% | 1993-2006 on-road, excluding EGR
Donaldson DPM DPF 85% | N/A | 1993-2004 on-road
Engine Control System Purifilter Yes DPE 850 | N/A | 1994-2004 on-road
(Low Load)
Engine Control System Purifilter DPF 85% | N/A | 1993-2006 on-road, excluding EGR
(High Load)
International Truck DPX DPF 85% | N/A | 1994-2003 on-road Navistar engines
Johnson Matthey CRT DPF 85% | N/A | 1994 - 2006 on-road, excluding EGR
Johnson Matthey EGRT Yes EGR/DPF 85% | 40% | Select 1998-2002 on-road

Active Regeneration Systems
Cleaire Horizon / Skyline Yes DPF 85% | N/A | 1960-2006 on-road, including EGR
HUSS FS-MK Yes DPF 85% | N/A | 1960-2006 on-road, excluding EGR
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Longview ® CARB Verification

CARB Verified
— 1994 — 2006 model year
— Non-EGR engines
— 5to 15 liter displacement
— Level 3 PM (>85%) o
— 25% NOx

e Minimum exhaust temperature required
— 25% @260 C exhaust requirement

e 3% to 5% fuel consumption

e 5,000 in service In:
— Transit
— Refuse (e.g. NY Dept of Sanitation)
— Port drayage
— Municipal / Utility (e.g. NY Depart of Transportation)
— Regional and intra-state delivery

Patticulate ™
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Longview ® On-Road Applications




Longview ® On-Road Applications
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Horizon™ / Skyline™ CARB Verification

All 4-stroke 1960 through 2006
engines CARB Level 3 Plus Verified

— All makes and models
— up to 15 liter displacement

Off-road Tier 1 and better
— All makes and models
— Up to 15 liter displacement

Standard diesel and biodiesel

No duty cycle temperature
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Horizon™ On-Road Applications
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Vista™ / Phoenix™ Active Regeneration System

Active system using diesel burner

— ldeal for transient low exhaust temperature duty cycles or
pre-1994 engines

Based on verified and proven Horizon system
— Same software structure and algorithm

— Uses same filter as Horizon

— Level 3 Plus PM system

Universally applicable
No infrastructure requirements
Complete regeneration in short time

Regeneration requirement based on soot loading, not
a timer



Vista™ On-Road Application

 Pending CARB verification application for 1960-2006
Including EGR
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Phoenix™ Off-Road Application

 Pending CARB verification application for all Tier 0 and newer
engines up to 15 liter displacement including EGR
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Phoenix™ Off-Road Application
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Vista™ / Phoenix™ Regeneration

Easy to read status lights

Push button start
operation

Regeneration time ~60
minutes

NoO operator requirements
beyond push button
Initiation



Vista™ / Phoenix™ QOperation Example

Napa 516

0:00:00

21:00:00

18:00:00

15:00:00

12:00:00

9:00:00

6:00:00




DPF Maintenance

« All wall flow filters require residual ash to be physically
removed

* Ash (zinc content) meets the California requirements for a
hazardous waste

« De-ash frequency will vary depending on oil consumption
(engine age, condition and use)

— Nominally annually

— Older, dirtier, poorly maintained or high usage engines require more
frequent de-ash

e Cleaire recommends use of low-ash CJ-4 engine oil which is
backward compatible
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Additional Information

 www.Cleaire.com
— List of authorized dealers by state

e Special recognition to our conference co-sponsor
— E Global Solutions

— Contact: Anthony Stragqi
516- 767-5138 Direct

— www.eglobalsolutions.net
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