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	TABLE IV – MITIGATION MEASURES: LEVEL 1, 2 & 3 RETROFITS FOR ON-ROAD ENGINES
(Last Revised December 3, 2008)

	
	



	
	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
	
	
	
	
	
	
	
	
	

	Active Diesel Particulate Filter
Level 3 Retrofit
	HUSS Umwelttechnik
	Heavy-duty diesel engines of all model years up through and including 2006 
Excluding those belonging to Engine Families listed in Attachment 1 to EO DE-06-006, Attachment 1 to EO DE-06-007, and Attachment 1 to EO DE-06-007-1.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-06-006 on
11-13-2006)
Executive Order
(DE-06-007 on 
11-13-2006)
Executive Order
(DE-06-007-1 on 03-23-2007)
	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 Retrofit
	Cleaire
	Specific 1993 or older and 2006 model year engines
For those belonging to Engine Families listed in Attachment 1 to EO DE-05-010-01 but excluding Engine Families listed in Attachment 1 to EO DE-05-010-02 and in Attachment 1 to EO DE-05-010-03.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-05-010 on
12-07-2005)

Executive Order 
(DE-05-010-01 on
05-16-2006)

Executive Order
(DE-05-010-02 on
02-14-2007)
Executive Order
(DE-05-010-03 on
06-12-2007)
	75 in service:

· School buses

· Utility trucks

· Refuse trucks
	$9.7 - $10.5

	
	Horizon
(Active type)
	
	
	
	
	
	
	
	
	


	
	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 Retrofit
	Cleaire
	Specific 1994 to 2006 model year engines
For those belonging to Engine Families listed in  Attachment 1 to EO
DE-03-001-03 ;

Attachment 1 to EO
DE 04-004-02;

Attachment 1 to EO
DE-03-001-04 ;


Attachment 1 to EO
DE-04-004-03;


Attachment 1 to EO
DE-03-001-05;


Attachment 1 to EO
DE-04-004-04.
	NA
	25%
	NA
	NA
	85%
	CARB

Executive Order
(DE-03-001-03 on
07-16-2004);
Executive Order 
(DE-04-004-02 on
07-16-2004);

Executive Order
(DE-03-001-04 on
10-19-2007);

Executive Order
(DE-04-004-03 on
10-19-2007);

Executive Order 
(DE-03-001-05 on
03-05-2008);

Executive Order
(DE-04-004-04 on
03-05-2008).
	· 1700 Transit buses

· 500 Refuse trucks

· 200 Caltrans vehicles

· 50 Utility trucks

· 100 Long haul trucks
	$15.7 - $16.7

	
	Longview
(Passive type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter 

Level 3 Retrofit
	Donaldson
	Specific 1993 to 2006 model year engines

For those belonging to Engine Families listed in  Attachment 1 to EO
DE-04-005-01;  Attachment 1 to EO
DE 04-005-02; and, Attachment 1 to EO DE-04-005-03.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-04-005 on
02-27-2004) 

Executive Order
(DE-04-005-01 on
09-30-2004) 

Executive Order
(DE-04-005-02 on
12-12-2005)

Executive Order
(DE-04-005-03 on 09-25-2008)
	· 800 School buses

· 71 Public fleet trucks

· 600 Refuse trucks
	$8.5

	
	DPM
(Passive type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter
Level 3 Retrofit
	International Truck & Engine
	Specific 1994 to 2003 model year Navistar engines

For those belonging to Engine Families listed in Attachment 1 to EO DE-05-005 and Attachment 1 to EO DE 05-005-01. 
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order 
(DE-05-005 on
06-17-2005)

Executive Order
(DE-05-005-01 on 
09-25-2008)
	2000 in service:
· School buses

· Street sweepers

· Water trucks

· Gravel trucks
	$6.8 - $7.5

	
	DPX

Catalyzed Soot Filter System
(Passive type)
	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter
Level 3 Retrofit
	Johnson Matthey
	Specific 1994 to 2006 model year engines

For those belonging to Engine Families listed in Attachment 1 to EO DE-07-002; Attachment 1 to EO DE-07-002-01; and, Attachment 1 to EO DE-07-002-02.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-07-002 on
06-15-2007)

Executive Order
(DE-07-002-01 on 09-12-2008)

Executive Order
(DE-07-002-02 on 10-20-2008)
	· 400 Transit buses

· 150 School buses

· 300 Utility trucks

· 50 Refuse trucks
	$8

	
	Continuously Regenerating Technology (CRT) Particulate Filter
(Passive type)

	
	
	
	
	
	
	
	
	

	Diesel Particulate Filter
Level 3 Retrofit
	Johnson Matthey
	Specific 1998 to 2002 model year engines
Engine Families
	NA
	40%
	NA
	NA
	85%
	CARB

Executive Order
(DE-05-004 on
04-15-2005)

Executive Order 
(DE-05-004-01 on
10-17-2005)
	· 1 Utility truck

· 1 Transit bus
	$22

	
	Exhaust Gas Recirculation Technology (EGRT)
(Passive type)
	
	
	
	
	
	
	
	
	


	Diesel Particulate Filter
Level 3 Retrofit
	Engine Control Systems
	Specific 1994 to 2004 model year engines

Engine Families
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-04-001 on
01-12-2004)
	Unknown at this time
	$6.1 - $16.8

	
	Purifilter L

(Passive type)
	
	
	
	
	
	
	
	
	


	
	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 Retrofit
	Engine Control Systems
	Specific 1994 to 2006 model year engines

For those belonging to Engine Families listed in  Attachment to EO DE-04-002; Attachment 1 to EO DE 04-002-01; Attachment 1 to EO DE 04-002-02 and Federal Engine Attachment 1 to EO DE 04-002-02.
	NA
	NA
	NA
	NA
	85%
	CARB

Executive Order
(DE-04-002 on
01-12-2004)

Executive Order
(DE-04-002-01 on
01-09-2008)

Executive Order
(DE-04-002-02 on
09-25-2008)
	Unknown at this time
	$6.1 - $16.8

	
	Purifilter H

(Passive type)
	
	
	
	
	
	
	
	
	

	Diesel Multistage Filter 

Level 2 Retrofit
	Donaldson
	Specific 1991 to 2002 model year engines
For those belonging to Engine Families listed in  Attachment 1 to EO
DE-05-012 and  Attachment 1 to EO
DE 05-013.
	NA
	NA
	NA
	NA
	50%
	CARB

Executive Order
(DE-05-012 on
12-16-2005)

Executive Order
(DE-05-013 on
12-16-2005)
	· 23 Refuse trucks
	$5.5 - $6

	
	DFM Flow Through Filter
(Passive type)
	
	
	
	
	
	
	
	
	

	Diesel Oxidation Catalyst
Level 2 Retrofit
	Environmental Solutions Worldwide
	Specific 1991 to 1997 model year engines
For those belonging to Engine Families listed in  Attachment 1 to EO
DE-04-011-01 and  Attachment 1 to EO
DE 04-011-02.
	NA
	NA
	NA
	NA
	50%
	CARB

Executive Order
(DE-04-011 on
09-13-2004)

Executive Order
(DE-04-011-01 on
07-10-2006)

Executive Order
(DE-04-011-02 on
04-23-2007) 
	· 44 School buses
	Not Available

	
	Particulate Reactor
	
	
	
	
	
	
	
	
	


	
	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 Oxidation Catalyst 

Level 1 Retrofit
	Donaldson
	Specific 1988 to 1990 model year engines
6000 Engine Families
6000 Spiracle Engine Families
	NA
	NA
	NA
	NA
	25%
	CARB

6000
Executive Order 
(DE-04-009 on
09-08-2004)

Spiracle 6000
Executive Order 
(DE-04-010 on
09-08-2004)
	· 49 School buses

· 3000 Refuse trucks
	$3 - $3.5

	
	DCM 6000
       or

DCM 6000 + Spiracle
	
	
	
	
	
	
	
	
	

	Diesel Oxidation Catalyst
Level 1 Retrofit
	Donaldson
	Specific 1994 to 2002 model year engines
	NA
	NA
	NA
	NA
	25%
	CARB

Verification Letter 
(11-07-2002)
	· 35 Port trucks
	$5.5

	
	DCM 6100

       or
DCM 6100 + Spiracle
	
	
	
	
	
	
	
	
	

	Diesel Oxidation Catalyst
Level 1 Retrofit
	Donaldson
	Specific 1998 to-2002 model year engines

For those belonging to Engine Families listed in Attachment 1 to EOs
DE-04-009-01 and 
DE 04-010-01.
	NA
	NA
	NA
	NA
	25%
	CARB

Executive Order 
(DE-04-009-01 on
03-01-2006)

Executive Order 
(DE-04-010-01 on
03-01-2006)
	Unknown at this time
	Not Available

	
	DCM 6400 + Spiracle
	
	
	
	
	
	
	
	
	

	Diesel Oxidation Catalyst
Level 1 Retrofit
	Engine Control Systems
	Specific 1991 to 2003 model year engines
For those belonging to Engine Families listed in  Attachment 1 to EO
DE-04-013-01.
	NA
	NA
	NA
	NA
	25%
	CARB

Executive Order
(DE-04-013-01 on
07-13-2005)

Executive Order
(DE-04-013-02 on
09-23-2005)
	Unknown at this time
	$0.9 - $4.5

	
	AZ Purifier + Purimuffler
	
	
	
	
	
	
	
	
	


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