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	TABLE III – MITIGATION MEASURES: LEVEL 1, 2 & 3 RETROFITS FOR OFF-ROAD ENGINES
(Last Revised September 4, 2009)

	
	


	
	Emission Reduction1
	

	Control
Technology
(CT)
	Manufacturer
	Emission
 Source
	
CO
	
NOx
	
VOC
	
SO2
	
PM
	CARB/EPA Certification/
Verification
	Project/Where Achieved
in Practice2
	Cost3
($1,000)

	
	Model
	
	
	
	
	
	
	
	
	



	Diesel Particulate Filter

Level 3 Plus Retrofit
	Catalytic Exhaust Products
	For Tier 1, Tier 2, or Tier 3 certified off-road engines used in stationary prime and emergency standby generators and pumps.

For those belonging to Engine Families listed in:

Attachment 1 to EO
(DE-08-005.)
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order 
(DE-08-005 on
12-22-2008)
	Unknown at this time
	Not Available

	
	Dieselytic SXS-SC
	
	
	
	
	
	
	
	
	


	Diesel Particulate Filter

Level 3 Plus Retrofit
	Caterpillar
	Diesel engines of all model years 2008 and older

For those belonging to Engine Families listed in:

Attachment 1 to CVL
(RAS-08-12);

Attachment 1 to CVL
(08-661-096); and,

Attachment 1 to EO
(DE-08-004).
	NA
	NA
	NA
	NA
	85%
	CARB

Conditional Verification Letter
(01-22-2008)

Conditional Verification Letter
(03-07-2008)

Executive Order (DE-08-004 on 
10-23-2008)
	Unknown at this time
	Not Available

	
	DPF
(Passive type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Cleaire
	Diesel engines of all model years up through and including 2007 
	NA
	NA
	NA
	NA
	85%
	CARB

Conditional Verification Letter
(01-26-2007)
	75 in service:

· School buses

· Utility trucks

· Refuse trucks
	$9.7 - $10.5

	
	Horizon
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Cleaire
	Diesel engines in rubber-tired off-road vehicles for model years 1996 to 2009 

For those belonging to Engine Families listed in:

Attachment 1 to CVL
(08-661-461)
	NA
	40%
	NA
	NA
	85%
	CARB

Conditional Verification Letter
(08-661-461 on
12-23-2008)
	Unknown at this time
	Not Available

	
	Lonestar
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Cleaire
	Diesel engines in rubber-tired off-road vehicles for model years 1996 through 2009 
	NA
	NA
	NA
	NA
	85%
	CARB

Conditional Verification Letter 
(09-661-058 on
03-20-2009)
	Unknown at this time
	Not Available

	
	Phoenix
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	DCL International
	Stationary prime and emergency standby generators, pumps, and compressors.

For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-08-002; and

Attachment 1 to EO
DE-08-002-01.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-08-002 on 
08-22-2008)

Executive Order 
(DE-08-002-01 on 
05-01-2009)
	Unknown at this time
	Not Available

	
	Mine-X Sootfilter
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	DCL International
	For 1996 through 2009 model year off-road diesel engines rated to between 100 and 1000 h.p.
For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-08-002.
	NA
	NA
	NA
	NA
	85%
	CARB

Verification Letter 
(RAS-08-15 on
01-24-2008)

Executive Order
(DE-08-002 on
08-24-2009)
	Unknown at this time
	Not Available

	
	Mine-X Sootfilter
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Dinex
	For most trailer TRUs using 1999 through 2005 model year engines.

For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-09-002.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-09-002 on
05-22-2009)
	Unknown at this time
	Not Available

	
	DiSiC
	
	
	
	
	
	
	
	
	


	Diesel Particulate Filter

Level 3 Plus Retrofit
	Engine Control Systems
	For 2007 or older model year engines

For those belonging to Engine Families listed in Attachment 1 to EO DE-04-012 but excluding Engine Families listed in Attachment 1 to EO DE-04-012-01.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-04-012 on
12-13-2004)
Executive Order
(DE-04-012-01 on 04-24-2007)
	Ten 100 hp – 150 hp engines on 19,000 lb forklifts in IN, FL, MA, GA, & CT.
	$6.7 - $23

	
	Combifilter
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Engine Control Systems
	Diesel engines with model years between 1996 and 2008 

For those belonging to Engine Families listed in Attachment 1 to CVL
(08-661-379).
	NA
	NA
	NA
	NA
	85%
	CARB

Conditional Verification Letter
(08-661-379 on 
10-20-2008)
	Unknown at this time
	Not Available

	
	Purifilter
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	ESW Canada
	Heavy-duty diesel engines in off-road vehicles for model years 1996 through 2009 

For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-09-010.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-09-010 on
04-28-2009)
	Unknown at this time
	Not Available

	
	ThermaCat
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	GTE Industries
	For Tier 1, Tier 2, or Tier 3 certified off-road engines used in stationary prime and emergency standby generators and pumps

For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-09-011.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-09-011 on
07-16-2009)
	Unknown at this time
	Not Available

	
	Purity
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	HUSS Umwelttechnik
	Heavy-duty diesel engines of all model years up through and including 2008 

Excluding those belonging to Engine Families listed in:

Attachment 1 to EO
DE-06-007;

Attachment 1 to EO
DE-06-007-01;

Attachment 1 to EO
DE-06-007-02; and, 

Attachment 1 to EO
DE-06-007-03.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-06-007 on 
11-13-2006)

Executive Order
(DE-06-007-01 on 03-23-2007)

Executive Order
(DE-06-007-02 on 08-18-2008) 

Executive Order
(DE-06-007-03 on 08-05-2009)
	Thousands of applications primarily in Europe on buses, scrapers, forklifts & municipal vehicles.
	80 hp:

 $7

150 hp:

 $12

600 hp:

 $35



	
	FS-MK
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Miratech Emissions Solutions
	For stationary emergency and prime generators. 
For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-05-006; and,

Attachment 1 to EO
DE-05-006-01.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order 
(DE-05-006 on
06-14-2006)
Executive Order 
(DE-05-006-01 on
03-12-2009)
	Unknown at this time
	Not Available

	
	CombiKat CBS Particulate Trap
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	NETT Technologies
	For Tier 1, Tier 2, or Tier 3 certified off-road engines used in stationary prime and emergency standby generators and pumps

For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-09-013.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-09-013 on
07-13-2009)
	Unknown at this time
	Not Available

	
	GreenTRAP
	
	
	
	
	
	
	
	
	


	Diesel Particulate Filter

Level 3 Plus Retrofit
	Sud-Chemie
	For Tier 1, Tier 2, or Tier 3 certified off-road engines used in stationary prime and emergency standby power generators and pumps
For Engine Families listed in:

Attachment 1 to EO
DE-06-003-01.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order 
(DE-06-003-01 on
12-31-2008)
	Unknown at this time
	Not Available

	
	Envi-Cat-DPF

	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Teleflex
	For certain APU, powered by select diesel engines for model years between 2005 and 2008

For those belonging to Engine Families listed in:

Attachment 1 to CVL
08-661-363.
	NA
	NA
	NA
	NA
	85%
	CARB

Conditional Verification Letter
(08-661-363 on
01-20-2009) 
	Unknown at this time
	Not Available

	
	Clear Sky
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 3 Plus Retrofit
	Thermo King
	2006 through 2008 engine model year diesel engines for Transport Refrigeration Units
For those belonging to Engine Families listed in:

Attachment 1 to CVL
08-661-279; and,

Attachment 1 to CVL
08-661-399.
	NA
	NA
	NA
	NA
	85%
	CARB

Conditional Verification Letter 
(06-24-2008)

Conditional Verification Letter
(10-08-2008)
	Unknown at this time
	Not Available

	
	eDPF
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Flow-Through Filter 

Level 2 Plus Retrofit

Proventia
1985 through 2002 engine model year diesel engines for TRUs for FTF; or, 1987 through 2002 engine model year diesel engines for TRUs for Bobtail FTF
Engine Families listed in:

Attachment 1 to EO
DE-08-001;

Attachment 1 to EO DE-08-001-01; and,
Attachment 1 to EO
DE-08-001-02.
NA
NA

NA

NA

50%
CARB

Executive Order 
(DE-08-001 on
06-12-2008)
Executive Order
(DE-08-001-01 on 08-20-2008)
Executive Order 
(DE-08-001-02 on 05-14-2009)
Unknown at this time
Not Available
FTF 
       or

Bobtail FTF 


	Diesel Multistage Filter

Level 2 Plus Retrofit
	Thermo King
	1985 through 2002 engine model year diesel engines for Transport Refrigeration Units

For those belonging to Engine Families listed in Attachment 1 to DE-06-008-01 and 

Attachment 1 to DE-06-008-02.
	NA
	NA
	NA
	NA
	50%
	CARB

Executive Order
(DE-06-008A on
01-31-2007)

Executive Order 
(DE-06-008-01 on
07-26-2007)

Executive Order 
(DE-06-008-02 on
12-21-2007)
	Unknown at this time
	$4.0 - $5.0

	
	PDPF Flow Through Filter
	
	
	
	
	
	
	
	
	

	Diesel Oxidation Catalyst

Level 2 Plus Retrofit
	Engine Control Systems
	Specific 1996 to 2002 model year engines

For those belonging to Engine Families listed in:

Attachment 1 to EO
DE- DE-04-003; and,

Attachment 1 to EO
DE- DE-04-007..
	NA
	NA
	NA
	NA
	50%
	CARB

Executive Order
(DE-04-003 on
05-10-2004)

Executive Order
(DE-04-007 on
10-29-2004)
	960 units POLA & POLB:

· Yard tractors

· Top picks

· Side picks

· Large lift trucks


	$0.9 - $4.5

	
	AZ Purimuffler or AZ Purifier
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 2 Plus Retrofit
	Rypos
	For certified Tier 1, Tier 2, or Tier 3 stationary engines for model years 1996 to 2008.
For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-05-013-01.
	NA
	NA
	NA
	NA
	50%
	CARB

Executive Order
(DE-05-013-01 on
12-18-2008)
	Unknown at this time
	Not Available

	
	ADPF
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 2 Plus Retrofit
	Rypos
	For certain marine engines.
For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-09-006.
	NA
	NA
	NA
	NA
	50%
	CARB

Executive Order 
(DE-09-006 on
04-22-2008)
	Unknown at this time
	Not Available

	
	ADPF
(Active type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter

Level 2 Plus Retrofit
	Rypos
	For most trailer transport refrigeration units using 2002 and older model year engines

For those belonging to Engine Families listed in:

Attachment 1 to EO
DE-09-001.
	NA
	NA
	NA
	NA
	50%
	CARB

Executive Order
(DE-09-001 on
03-09-2009)
	Unknown at this time
	Not Available

	
	DPF/LETRU
	
	
	
	
	
	
	
	
	

	Diesel Oxidation Catalyst

      +

Crankcase Filter
Level 1 Plus Retrofit
	Donaldson
	150 hp to  600 hp engines on:

· Yard tractors

· Large lift trucks

· Top picks

· Side picks

· Gantry cranes

Engine Families

	NA
	NA
	NA
	NA
	25%
	CARB

Verification Letter
(05-02-2003) 
	750 units POLA & POLB:

· Top picks

· Side picks

· Rubber tire gantrys
· Yard tractors 
	$4.0 - $5.0

	
	6000 Series Catalyst + Spiracle
	
	
	
	
	
	
	
	
	


	Diesel Oxidation Catalyst

      +

Selective Catalytic Reduction

Level 1 Plus Retrofit
	Extengine
	1991 to 1995 Cummins 5.9 L
(150 hp – 200 hp) engines on:

· Rubber tired excavators

· Rubber tired loaders

· Rubber tired dozers

· Yard tractors
	NA4
	80%
	NA4
	NA
	25%
	CARB

Executive Order
(DE-05-001 on
 01-20-2005)
	· 36 backhoes

· 21 rubber-tired earth movers


	$13 
(plus ammonia replacement cost)

	
	Advanced Diesel Emission Control (ADEC) System
	
	
	
	
	
	
	
	
	

	Flywheel Energy Storage
Level 1 Plus Retrofit
	Vycon
	Pre 1996 or certified to Tier 1, 2, or 3, > 50 hp

engines on rubber-tire gantry cranes
	NA
	30%
	NA
	NA
	25%
	CARB

Executive Order
(DE-07-006 on
10-03-2007)

Verification Letter
(10-03-2007)
	· 3 systems at POLB

· 1 system at POLA plus 3 others to be installed in 2008

· 1 system in Incheon, Korea

· 1 system in Shenzhen, China


	$150 for system (plus $2.30 every 4 years to replace vacuum pump)

	
	Regen System
	
	
	
	
	
	
	
	
	


NA = Not Applicable (i.e., CARB has not verified that the technology can reduce emissions for this contaminant).

Plus = Indicates 2009 N02 compliance
POLA = Port of Los Angeles     POLB = Port of Long Beach

__________________________

1 Certified or verified control efficiency established by the verifying or certifying agency.  For CEQA mitigation purposes, the lowest emission reduction must be used unless greater emission reductions can be demonstrated (e.g. manufacturer guarantee). For more information on CARB’s list of verified Levels 1, 2, and 3 retrofit devices, refer to the Currently Verified Technologies page at http://www.arb.ca.gov/diesel/verdev/vt/cvt.htm.

2 Specific project or location where retrofit has been achieved in practice.

3 For Cost estimates are for informational purposes only and have been provided by control technology manufacturers.  Actual costs may vary; estimates based on 2006 dollars.
4 Vendor reports that control technology reduces CO and VOC by 90% each.  However, these reductions are not verified by CARB. AQMD may consider these as mitigation upon contractual vendor guarantee.
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