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Source Category Emission Reduction Measure Control 
Efficiency

Cost 
Effectiveness

Notes/caveats Other pollutants 
controlled

References for more information

LDGVs and LDGTs Best Workplaces for Commuters - 
Park-and-ride lots

8600 - 
70700*(see 

notes)

Control efficiency depends on penetration; 
Cost effectiveness based on weighted sum 
of Nox and VOC reductions (i.e., total 
cost/((VOC*1)+(NOx*4))

PM, VOC, SO2, NH3, CO EPA 2006d, EPA 2005b

LDGVs and LDGTs Best Workplaces for Commuters - 
Regional Transportation Demand 
Management (TDM)

2300 - 
33200*(see 

notes)

Control efficiency depends on penetration; 
Cost effectiveness based on weighted sum 
of Nox and VOC reductions (i.e., total 
cost/((VOC*1)+(NOx*4))

PM, VOC, SO2, NH3, CO EPA 2006d, EPA 2005b

LDGVs and LDGTs Best Workplaces for Commuters - 
Employer trip reduction programs

5800 - 
175500*(see 

notes)

Control efficiency depends on penetration; 
Cost effectiveness based on weighted sum 
of Nox and VOC reductions (i.e., total 
cost/((VOC*1)+(NOx*4))

PM, VOC, SO2, NH3, CO EPA 2006d, 2005b

HDDVs Diesel Retrofit - Lean NOX Catalyst 5 - 40 6000 - 28000 ENVIRON 2006, EPA 2006e, EPA 
2006

HDDVs Diesel Retrofit - Exhaust Gas 
Recirculation

40 - 50 EPA 2006e, EPA 2006

HDDVs Alternative Fuel - Emulsified Diesel 9 - 20 Increases VOC, CO PM EPA 2006e

LDGVs, LDGTs, HDGVs, 
and MCs

Federal Reformulated Gasoline 
(RFG)

7 VOC, CO Pechan 2006, EPA 1999

LDGVs and LDGTs High Enhanced I/M Program 0.4 - 13.4 Reduction is based on emissions from entire 
fleet

VOC, CO Pechan 2006

HDDVs Alternative Fuel - Fuel-borne 
Catalyst

0 - 10 PM, VOC, CO STAPPA/ALAPCO 2006

LDGVs and LDGTs Repair assistance for low-income 
owners of older poorly maintained 
vehicles

VOC NJDEP 2005b

LDGVs and LDGTs MPG/Emissions Requirements for 
Large Fleets

VOC, PM, SO2 NJDEP 2005b

LDGVs and LDGTs Fee based on VMT VOC, PM, SO2, NH3 NJDEP 2005b
LDGVs and LDGTs Electric Shuttles in Structured 

Communities
VOC, PM, SO2, NH3 NJDEP 2005b

LDGVs and LDGTs Electric Vehicle Charging Stations VOC, PM, SO2 NJDEP 2005b

LDGVs and LDGTs Expansion of Bike/hiking trails VOC, PM, SO2, NH3 NJDEP 2005b
HDDVs Voluntary Programs - National 

Clean Diesel Campaign
PM EPA 2005

HDDVs Voluntary Programs - SmartWay 
Transport Partnership

PM EPA 2005

HDDVs Driver incentive/training program to 
reduce idling

VOC, PM, SO2 NJDEP 2005a
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Onroad NOx Control Measures
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Source Category Emission Reduction Measure Control 
Efficiency

Cost 
Effectiveness

Notes/caveats Other pollutants 
controlled

References for more information

All Highway Vehicles Intelligent Transport System - 
Speed Limit Restriction (65 mph)

TCEQ2006

HDDVs and Diesel Buses Heavy-Duty Vehicle Inspection 
Program 

NOx benefits result from reflashing vehicles 
subject to the heavy duty diesel consent 
decree

PM CARB 2006b, NJDEP 2005a

HDDV Fleet, and Diesel 
Bus Fleet

Periodic Smoke Inspection 
Program 

NOx benefits result from reflashing vehicles 
subject to the heavy duty diesel consent 
decree

PM CARB 2006b

HDDVs Software Upgrade for Diesel Trucks 
("Chip Reflash")

1800 - 2500 Rebuild kits are free to any truck operator 
requesting one from truck manufacturer as a 
result of the Consent Decree with EPA.  
Each kit costs about $20-$30/vehicle.  

CARB 2006b, OTC 2006

HDDVs Incentive Programs (e.g., Carl 
Moyer Program)

PM CARB 2006b

LDGVs and LDGTs Incentives for hybrids and other 
ULEV, SULEV, ZEV vehicles

VOC, PM, SO2 CARB 2006b

All Highway Vehicles Smoking Vehicle Hotline VOC, PM CARB 2006b

Notes:
LDGV=Light-duty Gasoline Vehicle
LDGT=Light-duty Gasoline Truck
HDGV=Heavy-duty Gasoline Vehicle
MC=Motorcycle
LDDV=Light-duty Diesel Vehicle
LDDT=Light-duty Diesel Truck
HDDV=Heavy-duty Diesel Vehicle
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Key Reference

CARB 2006a
California Air Resources Board, "Currently Verified Diesel Emission Control Technologies," as of September 6, 2006 
http://www.arb.ca.gov/diesel/verdev/verifiedtechnologies/cvt.htm

CARB 2006b California Air Resources Board, "ARB Programs," updated May 4, 2006 http://www.arb.ca.gov/html/programs.htm
ENVIRON 2006 ENVIRON International Corporation, "Evaluation of Candidate Mobile Source Control Measures", Final Report, prepared for Lake Michigan Air Directors 

Consortium, 2250 E. Devon Ave., #250, Des Plaines, IL 60018, February 28, 2006. 
http://www.ladco.org/reports/rpo/Regional%20Air%20Quality/LADCO%20Control%20Report_Final.pdf

EPA 1999 U.S. Environmental Protection Agency, Office of Air and Radiation, "Phase II Reformulated Gasoline:  The Next Major Step Toward Cleaner Air", EPA420-F-99-
042, November 1999. http://www.epa.gov/OMSWWW/rfg/f99042.pdf

EPA 2004 Guidance for Quantifying and Using Long DurationTruck Idling Emission Reductions In State Implementation Plans and Transportation Conformity, EPA420-B-
04-001, January 2004.    http://www.epa.gov/otaq/stateresources/transconf/policy/truckidlingguidance.pdf

EPA 2005 Draft list of potential RACT and RACM from PM rule preamble (see EPA websites on verified retrofit technologies) 
http://www.epa.gov/otaq/retrofit/retroverifiedlist.htm

EPA 2005b Guidance for Quantifying and Using Emissions Reductions from Best Workplaces for Commuter Programs in State Implementation Plans and Transportation 
Conformity Determinations, EPA420-B-05-016, October 2005,     http://www.epa.gov/otaq/stateresources/policy/transp/commuter/420b05016.pdf

EPA 2006 Diesel Retrofits:  Quantifying and Using Their Benefits in SIPs and Conformity, EPA420-B-06-005, June 2006.  
http://www.epa.gov/otaq/stateresources/transconf/policy/420b06005.pdf

EPA 2006b U.S. Environmental Protection Agency, Office of Transportation and Air Quality, "Diesel Retrofit Technology, An Analysis of the Cost-Effectiveness of Reducing 
Particulate Matter Emissions from Heavy-Duty Diesel Engines Through Retrofits", EPA420-S-06-002, March 2006. 
http://www.epa.gov/cleandiesel/documents/420s06002.pdf

EPA 2006d EPA Staff Communication:  "Mobile Source Control Measures in PM NAAQS RIA", EPA, 2006

EPA 2006e Clean Ports USA, "Emission Reduction Strategies by Application, Trucks," as of September 2006 http://www.epa.gov/cleandiesel/ports/stratapp.htm#highway
NJDEP 2005a NJDEP Diesel Initiatives Workgroup, "A Collaborative Report Presenting Air Quality Strategies for Further Consideration by the State of New Jersey," October 

31, 2005. http://www.nj.gov/dep/airworkgroups/docs/final_di_workgroup_report.pdf
NJDEP 2005b NJDEP Gasoline Cars & Trucks Workgroup, "A Collaborative Report Presenting Air Quality Strategies for Further Consideration by the State of New Jersey," 

October 31, 2005. http://www.state.nj.us/dep/airworkgroups/docs/final_gct_report.pdf
OTC 2006 Ozone Transport Commission (OTC) “Candidate Control Measures.” http://www.otcair.org/projects_details.asp?FID=93&fview=stationary
Pechan 2006 E.H. Pechan & Associates, Inc., "AirControlNET, Version 4.1 Control Measure Documentation Report," Draft Report, prepared for U.S. Environmental 

Protection Agency, Research Triangle Park, NC, Pechan Report No. 06.05.003/9011.002, May 2006.
San Joaquin Valley UAPCD, 2003 San Joaquin Valley Unified Air Pollution Control District (UAPCD). Final BACM Technological and Economic Feasibility Analysis, prepared by Sierra Research, 

March 21, 2003. www.soiltac.com/PDF/Final_BACM_Chapter 20 - Fugitive Dust 287Feasibility_Analysis.pdf.

STAPPA/ALAPCO 2006
The State and Territorial Air Pollution Program Administrators and the Association of Local Air Pollution Control Officials,  "Controlling Fine Particulate Matter 
Under the Clean Air Act: A Menu of Options, " March 2006 http://www.4cleanair.org/PM25Menu-Final.pdf

TCEQ 2006 Texas Commission on Environmental Quality, Texas Air Quality Control Measures, as of September 2006 
http://www.tceq.state.tx.us/implementation/air/sip/sipstrategies.html#mobile



Nonroad PM Control Measures
See cover note for important notes and caveats on the use of these tables

Source Category Emissions Reduction Measure Control 
Efficiency (%)

Cost Effectiveness, 
$/ton

Notes/Caveats Other 
Pollutants 
Controlled

References for More Information

Nonroad Diesel Engines except locomotive, 
marine, pleasure craft, and aircraft engine

Nonroad Retrofit DOC 20 11,600 - 63,300 Low end of range represents most cost-effective retrofits (first 50% of 
retrofit potential).  High end of range represents least cost-effective 
retrofits (second 50% of retrofit potential).  PM cost effectiveness values 
apply for all retrofit measures combined (DOC, DPF, and rebuild).  Cost 
effectiveness values were calculated by EPA based on the cost for DOC 
applied to a 250 hp bulldozer.  However, this measure is intended to 
apply to all nonroad engines, model year 1988-2007, except for 
locomotive, marine, pleasure craft, and aircraft engines.  

VOC EPA, 2006a
EPA, 2006b

Nonroad Diesel Engines except locomotive, 
marine, pleasure craft, and aircraft engine

Nonroad Retrofit DPF 90 9,700 - 52,700 Low end of range represents most cost-effective retrofits (first 50% of 
retrofit potential).  High end of range represents least cost-effective 
retrofits (second 50% of retrofit potential).  PM cost effectiveness values 
apply for all retrofit measures combined (DOC, DPF, and rebuild).  Cost 
effectiveness values were calculated by EPA based on the cost for DOC 
applied to a 250 hp bulldozer.  However, this measure is intended to 
apply to all nonroad engines, model year 1988-2007, except for 
locomotive, marine, pleasure craft, and aircraft engines.  

VOC EPA, 2006a
EPA, 2006b

Nonroad Diesel Engines except locomotive, 
marine, pleasure craft, and aircraft engine

Nonroad Engine Upgrade 20 NOx, VOC EPA, 2006a

Nonroad Diesel Engines Early Use of Ultra-Low Sulfur Diesel Some direct PM reductions would result due to lower S content of fuel SO2 EPA, 2006c
Nonroad Diesel Engines Early Use of Ultra-Low Sulfur Diesel + 

Retrofit
Some retrofits that rely on ULSD (e.g., DPFs) that have been verified by 
EPA and/or CARB require a S content of no more than 15-50ppm.

SO2 EPA, 2006c

Nonroad Diesel Construction Engine/Equipment Replacement 
(Scrappage)

2,000-25,000 Only emission reductions reported, no control efficiencies.  Emission 
reductions and Cost effectiveness values by equipment application, 
horsepower and technology type are reported in Appendices to LADCO 
report.  Cost effectiveness expressed as dollar per ton NOx reduced.

NOx ENVIRON, 2006
EPA, 2005

Nonroad Diesel Engines Establish Opacity or other Emission 
Standards for "Gross-Emitting" Diesel 
Equipment or Vessels

EPA, 2005

Nonroad Engines Low Emission Specifications - Limit 
emissions for construction projects, 
industrial facilities, ship yards, airports

EPA, 2005

Nonroad Engines Expand Use of Clean Burning Fuels EPA, 2005
Nonroad Gasoline Equipment Replacement - Lawn 

Mower Buy Back Program
Program encourages trading of gasoline-powered mowers by providing 
funds to offset the purchase cost of electric mowers.

SCAQMD, 2006

Recreational Marine Variable Registration Fees for Boat 
Engines

This control measure would require owners to register boat engines. The 
boat engine registration fee schedule would be designed so that lower 
fees would be assessed for the newest engines. 

VOC NJDEP, 2005

Nonroad Diesel Industrial Operational Changes at Ports - 
Reduce Use of Mobile Diesel-
powered Material-Handling Equipment

Reduce use of mobile diesel-powered material-handling equipment in 
favor of electric-powered stationary cranes.  No emission reduction or 
cost information provided.

STAPPA/ALAPCO, 2006
CARB, 2005

Nonroad Diesel Industrial ARB Cargo Handling Equipment Rule -
Application of Best Available Control 
Technology 

25-85 6,500-18,000 Range of CE values represents Level 1, 2 and 3, which are three 
benchmarks that control systems can be verified to.  Cost effectiveness 
expressed as dollar per ton of NOx + diesel PM reduced.

NOx CARB, 2006

Locomotives Idling Reduction - SmartStart and 
Diesel Driven Heating System

40-60 809 Idle reduction technologies can reduce idling up to 90 percent, depending 
on which technology is employed in which application. Control efficiencies 
provided correspond to a 90 percent reduction in idling, which is expected 
to reduce fuel consumption by 40 to 60 percent.  PM and NOx cost per 
ton is an upper bound value, since savings due to reduced maintenance 
costs not accounted for.

NOx NJDEP, 2005
Union Pacific, 2006
Vancouver, 2005, EPA 2004

Locomotives Reduce Idling for Locomotives EPA, 2005; EPA 2004
Locomotives I&M for Locomotives - Conduct 

Opacity Testing and Conduct Repairs
This program is a voluntary agreement with the BNSF Railway Company 
and the Union Pacific Railroad Company to reduce PM emissions in 
California rail yards.

STAPPA/ALAPCO, 2006
CARB, 2005

Switch Locomotive Upgrade Engines in Switcher 
Locomotives - Diesel-electric hybrid 
locomotives

80 6,500-18,000 Hybrid switch locomotives have significantly reduced diesel PM and NOx 
emissions, idling time, and fuel use compared to conventional switchers. 
Cost effectiveness expressed as dollar per ton of NOx + diesel PM 
reduced.

NOx CARB, 2006
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Nonroad PM Control Measures
See cover note for important notes and caveats on the use of these tables

Source Category Emissions Reduction Measure Control 
Efficiency (%)

Cost Effectiveness, 
$/ton

Notes/Caveats Other 
Pollutants 
Controlled

References for More Information

Switch Locomotive Upgrade Engines in Switcher 
Locomotives -  Install multiple off-road 
diesel engines 

80 6,500-18,000 Remanufactured switchers are powered with two or three (700 hp) Tier 3 
non-road diesel engines call gen-sets instead of conventional diesel 
locomotive engines.  Gen-set locomotive manufacturers report that these 
locomotives can reduce fuel consumption by 20 to 35 percent.  Cost 
effectiveness expressed as dollar per ton of NOx + diesel PM reduced.

NOx CARB, 2006

Locomotives Locomotive Retrofit - DPF >85 Has not been tested or used in rail yard applications in the U.S.  CARB, 2006
Locomotives Locomotive Retrofit - DOC 20-50 Has not been tested or used in rail yard applications in the U.S.  CARB, 2006
Locomotives Use of Alternative Fuels - Biodiesel >50 6,500-18,000 Biodiesel generally results in a NOx increase, and is best used in 

combination with NOx control strategies.  Cost effectiveness expressed 
as dollar per ton of NOx + diesel PM reduced.

CARB, 2006

Locomotives Use of Alternative Fuels - Fisher-
Tropsch Diesel

6,500-18,000 Made from converting synthetic gas to a liquid hydrocarbon diesel, this 
synthetic diesel fuel contains less than 10 ppm sulfur, which directly 
reduces diesel PM and SOx emissions.  Cost effectiveness expressed as 
dollar per ton of NOx + diesel PM reduced.

CARB, 2006

Commercial Marine Vessels Add-On Controls - DPF >85 CARB, 2006
Commercial Marine Vessels Add-On Controls - DOC ~30 CARB, 2006
Commercial Marine Vessels-Harbor Vessels Cleaner Marine Fuels - Emulsified 

Diesel Fuel
 ARB estimates that emulsified diesel fuel used in on-road engines can 
reduce NOx by 15 percent and PM by 50 percent.  Additional testing is 
required to determine whether similar reductions are possible in marine 
engines.

CARB, 2006

Commercial Marine Vessels-Harbor Vessels Cleaner Marine Fuels - Biodiesel >50 Generally results in a NOx increase.  Biodiesel is best used in 
combination with NOx control strategies.  

CARB, 2006

Commercial Marine Vessels-Harbor Vessels Cleaner Marine Fuels - Compressed 
or liquefied natural gas or diesel/CNG 
dual fuel

Can result in significant reductions in NOx and PM.  The results vary with 
specific application and the ratio of diesel to CNG used.  Additional 
testing is required to determine whether similar reductions are possible in 
marine engines.

CARB, 2006

Commercial Marine Vessels-Ocean Going 
Vessels

Cleaner Marine Fuels for Main 
Engines - Marine distillate fuels

75 6,500-18,000 Cost effectiveness expressed as dollar per ton of NOx + diesel PM 
reduced.

SO2 CARB, 2006

Commercial Marine Vessels-Ocean Going 
Vessels

Cleaner Marine Fuels for Main 
Engines - Lower sulfur content

35 6,500-18,000 Control efficiencies assume use of lower sulfur content fuel oil of 5000 
ppm.  Cost effectiveness expressed as dollar per ton of NOx + diesel PM 
reduced.

SO2 CARB, 2006

Commercial Marine Vessels-Ocean Going 
Vessels

Cleaner Marine Fuels for Auxiliary 
Engines - Lower sulfur content

35 6,500-18,000 Control efficiencies assume use of lower sulfur content fuel oil of 5000 
ppm.  Cost effectiveness expressed as dollar per ton of NOx + diesel PM 
reduced.

SO2 CARB, 2006

Commercial Marine Vessels
Recreational Marine

Reduce Fuel Sulfur Content for 
Smaller Commercial and Recreational 
Vessels

10 Emission reductions based on assumption that current sulfur level of 
3,000 parts per million (ppm) is reduced to 500 and to 15 ppm.

SO2 NJDEP, 2005

Commercial Marine Vessels-Ocean Going 
Vessels

Shore Based Electrical Power - Cold 
Ironing

90 6,500-18,000 ARB assumes 90% control and participation of 20% of fleet in 2010 and 
80% of fleet in 2020. Cost effectiveness expressed as dollar per ton of 
NOx + diesel PM reduced.

NOx CARB, 2006

Commercial Marine Vessels-Harbor Vessels Shore Based Electrical Power - Cold 
Ironing

12-27 No cost effectiveness values provided; likely to be cost-effective for ships 
that frequently visit ports equipped with shore power.  Control efficiencies 
based on participation of 40% of tugboat fleet in 2010 and 80-100% of 
tugboat fleet in 2025.

NOx CARB, 2006

Commercial Marine Vessels Shore Based Electrical Power - Cold 
Ironing

83-97 69,000 (average)
16,000 (average 
weighted across all 
ships in study)

Cost effectiveness expressed as dollar per ton of VOC, NOx, CO, PM10 
and SO2 reduction combined. Cost effectiveness would improve in the 
case of new terminals or new vessels, due to the lack of operational, 
safety, and engineering challenges associated with retrofitting shore 
power into existing port facilities. 

NOx, SO2, 
VOC, CO

Environ, 2004
NJDEP, 2005

NOTES:  Unless otherwise noted, control efficiencies represent control values per engine or equipment; overall cost effectiveness would need to account for the fraction of the fleet to which controls were applied.

Acronyms
EGR - Exhaust Gas Recirculation 
SCR - Selective Catalytic Reduction 
DOC - Diesel Oxidation Catalysts
DPF - Diesel Particulate Filters
CCV - Closed Crankcase Ventilation
APU - Auxiliary Power Units
GSE - Ground Support Equipment
CNG - Compressed Natural Gas
LPG - Liquefied Petroleum Gas
IMO - International Marine Organization
ULSD - Ultra-Low Sulfur Diesel
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Nonroad SO2 Measures
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

Source Category Emissions Reduction Measure Control 
Efficienc

y (%)

Cost 
Effectiveness, 

$/ton

Notes/Caveats Other 
Pollutants 
Controlled

References for 
More Information

Nonroad Diesel 
Engines

Early Use of Ultra-Low Sulfur 
Diesel

Proportionate SO2 reductions would result due to lower S content of fuel PM EPA, 2006c

Nonroad Diesel 
Engines

Early Use of Ultra-Low Sulfur 
Diesel + Retrofit

Some retrofits that rely on ULSD (e.g., DPFs) that have been verified by EPA 
and/or CARB require a S content of no more than 15-50ppm.

PM EPA, 2006c

Commercial Marine 
Vessels-Ocean 
Going Vessels

Cleaner Marine Fuels for Main 
Engines - Marine distillate fuels

75 6,500-18,000 PM CARB, 2006

Commercial Marine 
Vessels-Ocean 
Going Vessels

Cleaner Marine Fuels for Main 
Engines - Lower sulfur content

80 6,500-18,000 Control efficiencies assume use of lower sulfur content fuel oil of 5000 ppm.  
Cost effectiveness expressed as dollar per ton of NOx + diesel PM reduced.

PM CARB, 2006

Commercial Marine 
Vessels-Ocean 
Going Vessels

Cleaner Marine Fuels for Auxiliary 
Engines - Lower sulfur content

80 6,500-18,000 Control efficiencies assume use of lower sulfur content fuel oil of 5000 ppm.  
Cost effectiveness expressed as dollar per ton of NOx + diesel PM reduced.

PM CARB, 2006

Commercial Marine 
Vessels
Recreational Marine

Reduce Fuel Sulfur Content for 
Smaller Commercial and 
Recreational vVessels

82-99.5 Emission reductions based on assumption that current sulfur level of 3,000 parts 
per million (ppm) is reduced to 500 and to 15 ppm.

PM NJDEP, 2005

Acronyms
EGR - Exhaust Gas Recirculation 
SCR - Selective Catalytic Reduction 
DOC - Diesel Oxidation Catalysts
DPF - Diesel Particulate Filters
CCV - Closed Crankcase Ventilation
APU - Auxiliary Power Units
GSE - Ground Support Equipment
CNG - Compressed Natural Gas
LPG - Liquefied Petroleum Gas
IMO - International Marine Organization
ULSD - Ultra-Low Sulfur Diesel
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Nonroad NOx Control Measures
See cover note for important notes and caveats on the use of these tables
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Source Category Emissions Reduction Measure Control 
Efficiency 

(%)

Cost 
Effectiveness, 

$/ton

Notes/Caveats Other 
Pollutants 
Controlled

References for More 
Information

Nonroad Diesel Construction Engine/Equipment Replacement 
(Scrappage)

2,000-25,000 Only emission reductions reported, no control efficiencies.  Emission 
reductions and Cost effectiveness values by equipment application, 
horsepower and technology type are reported in Appendices to LADCO 
report.

PM ENVIRON, 2006
EPA, 2005

Nonroad Diesel Construction Nonroad NOx Retrofit - Lean 
NOx Catalyst

40 3,000-54,000 Cost effectiveness values by equipment application, horsepower and 
technology type reported in Appendices to LADCO report. Earlier technology 
type engines are generally more cost-effective.

ENVIRON, 2006
EPA, 2005

Nonroad Diesel Construction Nonroad NOx Retrofit - 
EGR+DPF

50 7,000-108,000 Cost effectiveness values by equipment application, horsepower and 
technology type reported in Appendices to LADCO report. Earlier technology 
type engines are generally more cost-effective.

ENVIRON, 2006
EPA, 2005

Nonroad Diesel Construction Nonroad NOx Retrofit - SCR 70-99 2,000-40,000 Cost effectiveness values by equipment application, horsepower and 
technology type reported in Appendices to LADCO report. Earlier technology 
type engines are generally more cost-effective.

ENVIRON, 2006
EPA, 2005

Nonroad Diesel Engines Nonroad Engine Upgrade - Low 
end

30 1,600 Low end represents most cost-effective retrofits (first 50% of retrofit 
potential).  Cost effectiveness based on low-end of range for DOC applied to 
250 hp bulldozers.  Cost effectiveness based on the same methodology as 
used in the PM cost effectiveness paper.

PM, VOC EPA, 2006a EPA, 2006b

Nonroad Diesel Engines Nonroad Engine Upgrade - High 
end

30 7,200 High end represents least cost-effective retrofits (second 50% of retrofit 
potential).  Cost effectiveness based on average of range for DOC applied to 
250 hp bulldozers.  Cost effectiveness based on the same methodology as 
used in the PM cost effectiveness paper.

PM, VOC EPA, 2006a EPA, 2006b

Nonroad Diesel "Carl Moyer/TERP"-Type 
Voluntary Program - Nonroad 
Diesel Retrofit

1,800-7,300 OTC, 2006

Nonroad Gasoline Industrial ARB Forklift and Other Industrial 
Equipment Rule - Tighter NOx 
and VOC Limits Plus Accelerated 
Replacement

CARB, 2006

Nonroad Diesel Construction Emulsified Diesel Fuel 18 15,000-160,000 Cost effectiveness values by equipment application, horsepower and 
technology type are reported in Appendices to LADCO report.  Smaller 
horsepower and earlier technology type engines are generally more cost-
effective.

ENVIRON, 2006
EPA, 2005
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Nonroad NOx Control Measures
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

Source Category Emissions Reduction Measure Control 
Efficiency 

(%)

Cost 
Effectiveness, 

$/ton

Notes/Caveats Other 
Pollutants 
Controlled

References for More 
Information

Nonroad Diesel Construction Nonroad Idling Reduction - 
Automatic Shut-off Devices

Control efficiencies will be variable.  For example, if 20% reduction in idling 
is achievable, 225 tpy NOx and 18 tpy PM2.5 reduction would result in NJ. 
Reduction in fuel and engine maintenance costs, increased equipment life, 
and decreased noise complaints.  Cost of technology would be recouped 
within the life of the equipment, probably sooner in many cases, providing a 
net cost savings for equipment owner.

NJDEP, 2005

Locomotives Idling Reduction - SmartStart and 
Diesel Driven Heating System

40-60 $809 Idle reduction technologies can reduce idling up to 90 percent. Control 
efficiencies provided correspond to a 90 percent reduction in idling, which is 
expected to reduce fuel consumption by 40 to 60 percent.  Cost per ton is an 
upper bound value, since savings due to reduced maintenance costs not 
accounted for.

PM NJDEP, 2005
Union Pacific, 2006
Vancouver, 2005, EPA 2004

Switch Locomotive Upgrade Engines in Switcher 
Locomotives - Diesel-electric 
hybrid locomotives

80 6,500-18,000 Hybrid switch locomotives have significantly reduced diesel PM and NOx 
emissions, idling time, and fuel use compared to conventional switchers. 
Cost effectiveness expressed as dollar per ton of NOx + diesel PM reduced.

PM CARB, 2006

Switch Locomotive Upgrade Engines in Switcher 
Locomotives -  Install multiple off-
road diesel engines 

80 6,500-18,000 Remanufactured switchers are powered with two or three (700 hp) Tier 3 non-
road diesel engines call gen-sets instead of conventional diesel locomotive 
engines.  Gen-set locomotive manufacturers report that these locomotives 
can reduce fuel consumption by 20 to 35 percent.  Cost effectiveness 
expressed as dollar per ton of NOx + diesel PM reduced.

PM CARB, 2006

Commercial Marine Vessels Add-On Controls - SCR 65-90 May reduce diesel PM emissions. PM CARB, 2006
Commercial Marine Vessels-
Ocean Going Vessels

Cleaner Marine Fuels - 
Emulsified Diesel Fuel

30 6,500-18,000 Slight increase in fuel consumption and PM emissions.  Cost effectiveness 
expressed as dollar per ton of NOx + diesel PM reduced.

CARB, 2006

Commercial Marine Vessels-
Harbor Vessels

Cleaner Marine Fuels - 
Emulsified Diesel Fuel

ARB estimates that emulsified diesel fuel used in on-road engines can 
reduce NOx by 15 percent and PM by 50 percent.  Additional testing is 
required to determine whether similar reductions are possible in marine 
engines.

PM CARB, 2006

Commercial Marine Vessels-
Ocean Going Vessels

Vessel Speed Reduction 
Program - Extending Speed 
Reduction Zones Offshore

6,500-18,000 Slower speeds reduce main engine fuel consumption and result in significant 
NOx reductions.  There is the potential for increases in diesel PM emissions 
for some vessels operating at slow speeds.  Cost effectiveness expressed as 
dollar per ton of NOx + diesel PM reduced.

CARB, 2006

Commercial Marine Vessels-
Ocean Going Vessels

Shore Based Electrical Power - 
Cold Ironing

90 6,500-18,000 ARB assumes 90% control and participation of 20% of fleet in 2010 and 80% 
of fleet in 2020. Cost effectiveness expressed as dollar per ton of NOx + 
diesel PM reduced.

PM CARB, 2006

Commercial Marine Vessels - 
Ocean-Going Vessels

Shore Based Electrical Power - 
Cold Ironing

99 69,000 (average)
16,000 (average 
weighted across 
all ships in study)

Cost effectiveness expressed as dollar per ton of VOC, NOx, CO, PM10 and 
SO2 reduction combined. Cost effectiveness would improve in the case of 
new terminals or new vessels, due to the lack of operational, safety, and 
engineering challenges associated with retrofitting shore power into existing 
port facilities. 

PM NJDEP, 2005
Environ, 2004

Commercial Marine Vessels-
Harbor Vessels

Shore Based Electrical Power - 
Cold Ironing

12-27 No cost effectiveness values provided; likely to be cost-effective for ships 
that frequently visit ports equipped with shore power.  Control efficiency 
represents overall control effectiveness based on participation of 40% of 
tugboat fleet in 2010 and 80-100% of tugboat fleet in 2025.

CARB, 2006

Commercial Marine Vessels-
Ocean Going Vessels

Build or Retrofit New Ships that 
Far Exceed IMO Standards

90 6,500-18,000 Cost effectiveness expressed as dollar per ton of NOx + diesel PM reduced. PM CARB, 2006

Aircraft Ground Support 
Equipment

Alternative Fuels for Airport GSE -
Replace Diesel GSE with 
CNG/LPG 

65 1,000 - 3,000 Cost-effectiveness is expressed in dollar per ton VOC/CO/NOx combined VOC MRPO, 2005
NESCAUM, 2003
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Source Category Emissions Reduction Measure Control 
Efficiency 

(%)

Cost 
Effectiveness, 

$/ton

Notes/Caveats Other 
Pollutants 
Controlled

References for More 
Information

Aircraft Ground Support 
Equipment

Alternative Fuels for Airport GSE -
Convert Gas GSE to CNG/LPG 

25 Overall cost 
savings from 

reduced fuel use

VOC MRPO, 2005
NESCAUM, 2003

Aircraft Ground Support 
Equipment

Alternative Fuels for Airport GSE -
Replace Diesel GSE with Electric

100 Cost savings - 
$5,800

Cost savings or net costs dependent on type of GSE. Savings for belt loader, 
costs incurred for baggage tractor and aircraft tug.

MRPO, 2005
NESCAUM, 2003

Aircraft Ground Support 
Equipment

Alternative Fuels for Airport GSE -
Replace Gas GSE with Electric

100 Cost savings - 
$1,900

Cost savings or net costs dependent on type of GSE. Savings for belt loader 
and aircraft tug, costs incurred for baggage tractor.

MRPO, 2005
NESCAUM, 2003

Aircraft Ground Support 
Equipment

Gate Electrification to Reduce 
GSE/APU Use - Retrofit Airport 
Gates with Power and 
Preconditioned Air

No emission reduction or Cost effectiveness values provided.  Gate 
electrification requires an up-front capital investment but, once installed, the 
system produces fuel and labor savings that typically result in a relatively 
short payback time of less than two years.

NESCAUM, 2003

Aircraft Ground Support 
Equipment

Nonroad Idling Reduction Control efficiencies will be variable.  For example, applying the current 3-
minute idling law to the approx. 2000 non-road GSEs in NJ will result in fuel 
savings and reduced engine wear and is a low cost strategy.

NJDEP, 2005

Acronyms
EGR - Exhaust Gas Recirculation 
SCR - Selective Catalytic Reduction 
DOC - Diesel Oxidation Catalysts
DPF - Diesel Particulate Filters
CCV - Closed Crankcase Ventilation
APU - Auxiliary Power Units
GSE - Ground Support Equipment
CNG - Compressed Natural Gas
LPG - Liquefied Petroleum Gas
IMO - International Marine Organization
ULSD - Ultra-Low Sulfur Diesel

NOTES:  Unless otherwise noted, control efficiencies represent control values per engine or equipment; overall cost effectiveness would need to account for the fraction of the fleet to which 
controls were applied.
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Key Reference
CARB 2005 California Environmental Protection Agency, Air Resources Board (CARB). "ARB/Railroad Statewide Agreement Particulate Emissions Reduction Program at 

California Rail Yards," June 2005.  http://www.arb.ca.gov/railyard/083005mouexecuted.pdf

CARB 2006 California Air Resources Board, "Proposed Emission Reduction Plan for Ports and Good Movement in California, March 21, 2006 
http://www.arb.ca.gov/planning/gmerp/gmerp.htm

ENVIRON 2004 “Cold Ironing Cost Effectiveness Study”, ENVIRON International Corporation, prepared for Port of Long Beach, California, March 30, 2004. 
http://www.polb.com/civica/filebank/blobdload.asp?BlobID=2157

ENVIRON 2006 ENVIRON International Corporation, "Evaluation of Candidate Mobile Source Control Measures", Final Report, prepared for Lake Michigan Air Directors 
Consortium, 2250 E. Devon Ave., #250, Des Plaines, IL 60018, February 28, 2006. 
http://www.ladco.org/reports/rpo/Regional%20Air%20Quality/LADCO%20Control%20Report_Final.pdf

EPA 2004 Guidance for Quantifying and Using Long-Duration Switch Yard Locomotive Idling Emission Reductions in State Implementation Plans.  EPA420-B-04-002.  
January 2004. http://www.epa.gov/oms/smartway/idle-guid.htm

EPA 2005 Draft list of potential RACT and RACM from PM rule preamble (see EPA websites on verified retrofit technologies) 
http://www.epa.gov/otaq/retrofit/retroverifiedlist.htm

EPA 2006a E.H. Pechan & Associates, Inc., "PM NAAQS Modeling, Technical Memorandum", Draft Report, prepared for U.S. Environmental Protection Agency, Research 
Triangle Park, NC, July 2006.

EPA 2006b U.S. Environmental Protection Agency, Office of Transportation and Air Quality, "Diesel Retrofit Technology, An Analysis of the Cost-Effectiveness of Reducing 
Particulate Matter Emissions from Heavy-Duty Diesel Engines Through Retrofits", EPA420-S-06-002, March 2006. 
http://www.epa.gov/cleandiesel/documents/420s06002.pdf

EPA 2006c EPA staff communication via e-mail from R. Kapichak, OTAQ/EPA, to J. Ketcham-Colwill, OPAR/OAR/EPA on September 9, 2006

MRPO 2005 Midwest RPO, Interim White Paper - Midwest RPO Candidate Control Measures, Source Category:  Airport Related Activities, December 20, 2005. 
http://www.ladco.org/reports/rpo/Regional%20Air%20Quality/White%20Papers%20March%202006/Airports_Operations_Ver1.pdf

NESCAUM 2003 Northeast States for Coordinated Air Use Management (NESCAUM). Controlling Airport-Related Air Pollution. June 2003. 
http://www.nescaum.org/documents/aviation_final_report.pdf/view?searchterm=Airport

NJDEP 2005 NJDEP Diesel Initiatives Workgroup, "A Collaborative Report Presenting Air Quality Strategies for Further Consideration by the State of New Jersey," October 
31, 2005. http://www.nj.gov/dep/airworkgroups/docs/final_di_workgroup_report.pdf
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Key Reference
OTC 2006 Ozone Transport Commission (OTC) “Candidate Control Measures.” http://www.otcair.org/projects_details.asp?FID=93&fview=stationary

SCAQMD 2006 South Coast Air Quality Management District (SCAQMD) Air Quality Summit, June 5 & 6, 2006. http://www.aqmd.gov/aqmp/07aqmp/aqsummit/aqsummit.html

STAPPA/ALAPCO 2006 The State and Territorial Air Pollution Program Administrators and the Association of Local Air Pollution Control Officials,  "Controlling Fine Particulate Matter 
Under the Clean Air Act: A Menu of Options, " March 2006 http://www.4cleanair.org/PM25Menu-Final.pdf

Union Pacific 2006 “Union Pacific and the Environment” fact sheet. www.up.com

Vancouver 2005 “Vancouver, Wa. Switchyard Locomotive Idle Reduction Project, Final Report to EPA”, Southwest Clean Air Agency, Vancouver, Wa., October 18, 2005. 
http://www.epa.gov/SmartwayLogistics/documents/vancouver-locomotive.pdf

Page 2 of 2



Nonroad Detailed Control Measure List
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

PM
2.5

PM SO2 NH3 NOx VOC

ENVIRON, 
2006

NOx Nonroad 
diesel

Nonroad 
Mobile 
Sources

California 
Diesel Fuel

Aromatic 
hydrocarbon 
content of 10%

2270xxxxxx 6 ENVIRON, 
2006

8,000 2007 ENVIRON, 
2006

California Fuels measure 
will also reduce sulfur 
levels and decrease PM, 
but Federal Diesel 
Regulations will provide 
equivalent PM reductions

SCAQMD, 
2006

NOx Nonroad 
Diesel

Nonroad 
Mobile 
Sources

Nonroad Diesel 
Retrofit

SCR 2270xxxxxx 98 SCAQMD, 
2006

Reduction on new 
installations.  NOx 
reduction technologies 
may result in larger PM 
emissions and reduced 
fuel efficiency.

OTC, 2006 NOx Nonroad 
Diesel 
Construction
Locomotives
Commercial 
Marine 
Vessels

Nonroad 
Mobile 
Sources

"Carl 
Moyer/TERP"-
Type Voluntary 
Program

Nonroad Diesel 
Retrofit

2270002xxx
2285002xxx
2280002xxx

$1,800-$7,300 OTC, 2006

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Emulsified 
Diesel Fuel

Emulsified 
Diesel Fuel

Tier 0 2270002xxx 18 EPA, 2005 15,000-50,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type are 
reported in Appendices to 
LADCO report.  Smaller 
horsepower engines are 
generally more cost-
effective.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Emulsified 
Diesel Fuel

Emulsified 
Diesel Fuel

Tier 1 2270002xxx 18 EPA, 2005 21,000-68,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type are 
reported in Appendices to 
LADCO report.  Smaller 
horsepower engines are 
generally more cost-
effective.

Primary 
Reference

Major 
Pollutant

Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Emulsified 
Diesel Fuel

Emulsified 
Diesel Fuel

Tier 2 2270002xxx 18 EPA, 2005 31,000-100,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type are 
reported in Appendices to 
LADCO report.  Smaller 
horsepower engines are 
generally more cost-
effective.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Emulsified 
Diesel Fuel

Emulsified 
Diesel Fuel

Tier 3 2270002xxx 18 EPA, 2005 50,000-160,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type are 
reported in Appendices to 
LADCO report.  Smaller 
horsepower engines are 
generally more cost-
effective.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Engine/Equipm
ent 
Replacement 
(Scrappage)

Replace Tier 0 
with Tier 2 
engines

Tier 0 2270002xxx EPA, 2005 2,000-8,000 2007 ENVIRON, 
2006

Only emission reductions 
reported, no control 
efficiencies.  Emission 
reductions and C-E 
values by equipment 
application, horsepower 
and technology type are 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Engine/Equipm
ent 
Replacement 
(Scrappage)

Replace Tier 1 
with Tier 3 
engines

Tier 1 2270002xxx EPA, 2005 4,000-11,000 2007 ENVIRON, 
2006

Only emission reductions 
reported, no control 
efficiencies.  Emission 
reductions and C-E 
values by equipment 
application, horsepower 
and technology type are 
reported in Appendices to 
LADCO report.
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Engine/Equipm
ent 
Replacement 
(Scrappage)

Replace Tier 2 
with Tier 3 
engines

Tier 2 2270002xxx EPA, 2005 9,000-25,000 2007 ENVIRON, 
2006

Only emission reductions 
reported, no control 
efficiencies.  Emission 
reductions and C-E 
values by equipment 
application, horsepower 
and technology type are 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

Lean NOx 
Catalyst

Tier 0 2270002xxx 40 EPA, 2005 3,000-16,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

Lean NOx 
Catalyst

Tier 1 2270002xxx 40 EPA, 2005 4,000-22,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

Lean NOx 
Catalyst

Tier 2 2270002xxx 40 EPA, 2005 6,000-33,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

Lean NOx 
Catalyst

Tier 3 2270002xxx 40 EPA, 2005 12,000-54,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

EGR+DPF Tier 0 2270002xxx 50 EPA, 2005 7,000-32,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

EGR+DPF Tier 1 2270002xxx 50 EPA, 2005 9,000-45,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

EGR+DPF Tier 2 2270002xxx 50 EPA, 2005 13,000-66,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

EGR+DPF Tier 3 2270002xxx 50 EPA, 2005 26,000-108,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

SCR Tier 0 2270002xxx 70-99 EPA, 2005 2,000-12,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

SCR Tier 1 2270002xxx 70-99 EPA, 2005 3,000-17,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

SCR Tier 2 2270002xxx 70-99 EPA, 2005 4,000-25,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.

ENVIRON, 
2006

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad NOx 
Retrofit

SCR Tier 3 2270002xxx 70-99 EPA, 2005 9,000-40,000 2007 ENVIRON, 
2006

C-E values by equipment 
application, horsepower 
and technology type 
reported in Appendices to 
LADCO report.
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

NJDEP, 
2005

NOx Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Nonroad Idling 
Requirements

Automatic Shut-
off Devices

2270002xxx Control efficiencies will 
be variable.  For 
example, if 20% 
reduction in idling is 
achievable, 225 tpy NOx 
and 18 tpy PM2.5 
reduction would result in 
NJ. 
Reduction in fuel and 
engine maintenance 
costs, increased 
equipment life, and 
decreased noise 
complaints.  Cost of 
technology would be 
recouped within the life of 
the equipment, probably 
sooner in many cases, 
providing a net cost 
savings for equipment 
owner.

OTC, 2006 PM Nonroad 
Diesel 
Construction

Nonroad 
Mobile 
Sources

Clean Air 
Construction 
Initiative

Nonroad Diesel 
Retrofit

2270002xxx $ per ton varies OTC, 2006

EPA, 2006a PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Nonroad 
Retrofit - Low 
end

DPF 1988-
2007

2270xxxxxx 90 90 18,100 2007 EPA, 2006b Low end represents most 
cost-effective retrofits 
(first 50% of retrofit 
potential).  Cost-
effectiveness based on 
low-end of range for DOC 
applied to 250 hp 
bulldozers.  PM cost-
effectiveness values 
apply for all retrofit 
measures combined 
(DOC, DPF, and rebuild)
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

EPA, 2006a PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Nonroad 
Retrofit - High 
end

DPF 1988-
2007

2270xxxxxx 90 90 33,900 2007 EPA, 2006b High end represents least 
cost-effective retrofits 
(second 50% of retrofit 
potential).  Cost-
effectiveness based on 
average of range for 
DOC applied to 250 hp 
bulldozers.  PM cost-
effectiveness values 
apply for all retrofit 
measures combined 
(DOC, DPF, and rebuild)

EPA, 2006a PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Nonroad 
Retrofit - Low 
end

DOC 1988-
2007

2270xxxxxx 20 50 18,100 2007 EPA, 2006b Low end represents most 
cost-effective retrofits 
(first 50% of retrofit 
potential).  Cost-
effectiveness based on 
low-end of range for DOC 
applied to 250 hp 
bulldozers.  PM cost-
effectiveness values 
apply for all retrofit 
measures combined 
(DOC, DPF, and rebuild)

EPA, 2006a PM/NOx Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Nonroad 
Retrofit - Low 
end

Rebuild 1988-
2007

2270xxxxxx 20 30 60 18,100 2007 EPA, 2006b Low end represents most 
cost-effective retrofits 
(first 50% of retrofit 
potential).  Cost-
effectiveness based on 
low-end of range for DOC 
applied to 250 hp 
bulldozers.  PM cost-
effectiveness values 
apply for all retrofit 
measures combined 
(DOC, DPF, and rebuild)
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

EPA, 2006a PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Nonroad 
Retrofit - High 
end

DOC 1988-
2007

2270xxxxxx 20 50 33,900 2007 EPA, 2006b High end represents least 
cost-effective retrofits 
(second 50% of retrofit 
potential).  Cost-
effectiveness based on 
average of range for 
DOC applied to 250 hp 
bulldozers.  PM cost-
effectiveness values 
apply for all retrofit 
measures combined 
(DOC, DPF, and rebuild)

EPA, 2006a PM/NOx Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Nonroad 
Retrofit - High 
end

Rebuild 1988-
2007

2270xxxxxx 20 30 60 33,900 2007 EPA, 2006b High end represents least 
cost-effective retrofits 
(second 50% of retrofit 
potential).  Cost-
effectiveness based on 
average of range for 
DOC applied to 250 hp 
bulldozers.  PM cost-
effectiveness values 
apply for all retrofit 
measures combined 
(DOC, DPF, and rebuild)

EPA, 2006c PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Early Use of 
Ultra-Low 
Sulfur Diesel

Early Use of 
Ultra-Low Sulfur 
Diesel

2270xxxxxx Some direct PM 
reductions would result 
due to lower S content of 
fuel

EPA, 2006c PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Early Use of 
Ultra-Low 
Sulfur Diesel + 
Retrofit

Early Use of 
Ultra-Low Sulfur 
Diesel + Retrofit

2270xxxxxx Some retrofits that rely 
on ULSD (e.g., DPFs) 
that have been verified 
by EPA and/or CARB 
require a S content of no 
more than 15-50ppm.

EPA, 2005 PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Clean Burning 
Fuels

Prohibit Sale 
and Use of 
Diesel that 
Exceeds High S 
Content

2270xxxxxx

Page 7 of 15



Nonroad Detailed Control Measure List
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

EPA, 2005 PM Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Standards for 
"Gross-
Emitting" 
Equipment

Establish 
Opacity or other 
Emission 
Standards for 
Diesel 
Equipment or 
Vessels

2270xxxxxx
2280002xxx

EPA, 2006c SO2 Nonroad 
Diesel 
Engines

Nonroad 
Mobile 
Sources

Early Use of 
Ultra-Low 
Sulfur Diesel

Early Use of 
Ultra-Low Sulfur 
Diesel

2270xxxxxx Proportionate SO2 
reductions would result 
due to lower S content of 
fuel

CARB, 2006 PM Nonroad 
diesel 
industrial

Nonroad 
Mobile 
Sources

ARB Cargo 
Handling 
Equipment 
Rule

Application of 
Best Available 
Control 
Technology 

Level 3 2270003xxx
2270002xxx

85 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Level 1, 2 and 3 
represent three 
benchmarks that control 
systems can be verified 
to.

CARB, 2006 PM Nonroad 
diesel 
industrial

Nonroad 
Mobile 
Sources

ARB Cargo 
Handling 
Equipment 
Rule

Application of 
Best Available 
Control 
Technology 

Level 2 2270003xxx
2270002xxx

50 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Level 1, 2 and 3 
represent three 
benchmarks that control 
systems can be verified 
to.

CARB, 2006 PM Nonroad 
diesel 
industrial

Nonroad 
Mobile 
Sources

ARB Cargo 
Handling 
Equipment 
Rule

Application of 
Best Available 
Control 
Technology 

Level 1 2270003xxx
2270002xxx

25 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Level 1, 2 and 3 
represent three 
benchmarks that control 
systems can be verified 
to.

STAPPA/AL
APCO, 
2006

PM Nonroad 
diesel 
industrial

Nonroad 
Mobile 
Sources

Operational 
Changes at 
Ports

Reduce Use of 
Mobile Diesel-
powered 
Material-
Handling 
Equipment In 
Favor of 
Electric-
powered

2270003xxx
2270002xxx

CARB, 
2005

This program is a 
voluntary agreement with 
the BNSF Railway 
Company and the Union 
Pacific Railroad 
Company to reduce PM 
emissions in California 
rail yards.

EPA, 2005 PM Nonroad 
Engines

Nonroad 
Mobile 
Sources

Early 
Retirement/Scr
appage

Programs to 
Reduce 
Emissions and 
Accelerate 
Retirement of 
Boats and 
Lawn and 
Garden 
Equipment

2260xxxxxx
2265xxxxxx
2270xxxxxx
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

EPA, 2005 PM Nonroad 
Engines

Nonroad 
Mobile 
Sources

Low Emission 
Specifications

Limit emissions 
for construction 
projects, 
industrial 
facilities, ship 
yards, airports

2260xxxxxx
2265xxxxxx
2270xxxxxx

EPA, 2005 PM Nonroad 
Engines

Nonroad 
Mobile 
Sources

Clean Burning 
Fuels

Expand Use of 
Clean Burning 
Fuels

2260xxxxxx
2265xxxxxx
2270xxxxxx

SCAQMD, 
2006

PM Nonroad 
Gasoline

Nonroad 
Mobile 
Sources

Equipment 
Replacement

Lawn Mower 
Buy Back 
Program

2260004xxx
2265004xxx

Program encourages 
trading of gasoline-
powered mowers by 
providing funds to offset 
the purchase cost of 
electric mowers.

CARB, 2006 NOx Nonroad 
gasoline 
industrial

Nonroad 
Mobile 
Sources

ARB Forklift 
and Other 
Industrial 
Equipment 
Rule

Tighter NOx 
and VOC Limits 
Plus 
Accelerated 
Replacement

2260003xxx
2265003xxx

NJDEP, 
2005

PM/VOC Recreational 
Marine 

Nonroad 
Mobile 
Sources

Variable 
Registration 
Fees for Boat 
Engines

Boat Engine 
Registration 

228202xxxx This control measure 
would require owners to 
register boat engines. 
The boat engine 
registration fee schedule 
would be designed so 
that lower fees would be 
assessed for the newest 
engines. 

MRPO, 
2005

NOx Aircraft 
Ground 
Support 
Equipment

Nonroad 
Mobile 
Sources

Alternative 
Fuels for 
Airport GSE

Replace Diesel 
GSE with 
CNG/LPG 

2270008xxx 65 30 NESCAUM, 
2003

1,000 - 3,000 NESCAUM, 
2003

Cost-effectiveness is 
expressed in dollar per 
ton VOC/CO/NOx 
combined

MRPO, 
2005

NOx Aircraft 
Ground 
Support 
Equipment

Nonroad 
Mobile 
Sources

Alternative 
Fuels for 
Airport GSE

Convert Gas 
GSE to 
CNG/LPG 

2260008xxx
2265008xxx

25 50-70 NESCAUM, 
2003

Overall cost 
savings from 
reduced fuel use

NESCAUM, 
2003

MRPO, 
2005

NOx Aircraft 
Ground 
Support 
Equipment

Nonroad 
Mobile 
Sources

Alternative 
Fuels for 
Airport GSE

Replace Diesel 
GSE with 
Electric

2270008xxx 100 NESCAUM, 
2003

Cost savings - 
$5,800

NESCAUM, 
2003

Cost savings or net costs 
dependent on type of 
GSE. Savings for belt 
loader, costs incurred for 
baggage tractor and 
aircraft tug.
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

MRPO, 
2005

NOx Aircraft 
Ground 
Support 
Equipment

Nonroad 
Mobile 
Sources

Alternative 
Fuels for 
Airport GSE

Replace Gas 
GSE with 
Electric

2260008xxx
2265008xxx

100 NESCAUM, 
2003

Cost savings - 
$1,900

NESCAUM, 
2003

Cost savings or net costs 
dependent on type of 
GSE. Savings for belt 
loader and aircraft tug, 
costs incurred for 
baggage tractor.

NESCAUM, 
2003

NOx Aircraft 
Ground 
Support 
Equipment

Nonroad 
Mobile 
Sources

Gate 
Electrification 
to Reduce 
GSE/APU Use

Retrofit airport 
gates with 
power and 
preconditioned 
air

2260008xxx
2265008xxx
2270008xxx
2275070000

No emission reduction or 
C-E values provided.  
Gate electrification 
requires an up-front 
capital investment but, 
once installed, the 
system produces fuel and 
labor savings that 
typically result in a 
relatively short payback 
time of less than two 
years.

NJDEP, 
2005

NOx Aircraft 
Ground 
Support 
Equipment

Nonroad 
Mobile 
Sources

Nonroad Idling 
Requirements

Restrict Idling to 
3 minutes

2270008xxx Control efficiencies will 
be variable.  For 
example, applying the 
current 3-minute idling 
law to the approx. 2000 
non-road GSEs in NJ will 
result in fuel savings and 
reduced engine wear and 
is a low cost strategy.

CARB, 2006 PM/NOx Switch 
Locomotive

Nonroad 
Mobile 
Sources

Upgrade 
Engines in 
Switcher 
Locomotives

Diesel-electric 
hybrid 
locomotives

2285002010 80 80 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Hybrid switch 
locomotives have 
significantly reduced 
diesel PM and NOx 
emissions, idling time, 
and fuel use compared to 
conventional switchers.
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PM
2.5

PM SO2 NH3 NOx VOC
Primary 

Reference
Major 

Pollutant
Source 
Category

Source 
Sector

CommentsControl 
Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

CARB, 2006 PM/NOx Switch 
Locomotive

Nonroad 
Mobile 
Sources

Upgrade 
Engines in 
Switcher 
Locomotives

Locomotives 
comprised of 
multiple off-
road diesel 
engines 

2285002010 80 80 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Remanufactured 
switchers are powered 
with two or three (700 hp) 
Tier 3 non-road diesel 
engines call gen-sets 
instead of conventional 
diesel locomotive 
engines.  Gen-set 
locomotive 
manufacturers report that 
these locomotives can 
reduce fuel consumption 
by 20 to 35 percent.

NJDEP, 
2005

NOx/PM Locomotives Nonroad 
Mobile 
Sources

Idling 
Reduction 

SmartStart and 
Diesel Driven 
Heating System

2285002xxx 40-
60

40-60 Union 
Pacific, 
2006

$809 2005 Vancouver, 
2005

Idle reduction 
technologies can reduce 
idling up to 90 percent, 
depending on which 
technology is employed 
in which application. 
Control efficiencies 
provided correspond to a 
90 percent reduction in 
idling, which is expected 
to reduce fuel 
consumption by 40 to 60 
percent.  PM and NOx 
cost per ton is an upper 
bound value, since 
savings due to reduced 
maintenance costs not 
accounted for.

CARB, 2006 PM Locomotives Nonroad 
Mobile 
Sources

Locomotive 
Retrofit

DOC 2285002xxx 20-
50

CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Has not been tested or 
used in rail yard 
applications in the U.S.

CARB, 2006 PM Locomotives Nonroad 
Mobile 
Sources

Locomotive 
Retrofit

DPF 2285002xxx >85 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Has not been tested or 
used in rail yard 
applications in the U.S.

CARB, 2006 PM Locomotives Nonroad 
Mobile 
Sources

Use of 
Alternative 
Fuels

Biodiesel 2285002xxx >50 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Biodiesel generally 
results in a NOx increase, 
and is best used in 
combination with NOx 
control strategies.  

Page 11 of 15



Nonroad Detailed Control Measure List
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

PM
2.5

PM SO2 NH3 NOx VOC
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Reference
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Pollutant
Source 
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Source 
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Measure

Applicable 
SCC Codes

Control Efficiency (%) CE 
Reference

Technology Model 
Year

Cost 
Effectiveness

Cost 
Year

Cost 
Reference

EPA, 2005 PM Locomotives Nonroad 
Mobile 
Sources

Diesel Idling 
Programs

Reduce Idling 
for Locomotives

2285002xxx

STAPPA/AL
APCO, 
2006

PM Locomotives Nonroad 
Mobile 
Sources

I&M for 
Locomotives

Conduct 
Opacity Testing 
and Conduct 
Repairs

2285002xxx CARB, 
2005

This program is a 
voluntary agreement with 
the BNSF Railway 
Company and the Union 
Pacific Railroad 
Company to reduce PM 
emissions in California 
rail yards.

CARB, 2006 PM Locomotives Nonroad 
Mobile 
Sources

Use of 
Alternative 
Fuels

Fisher-Tropsch 
Diesel

2285002xxx $6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Made from converting 
synthetic gas to a liquid 
hydrocarbon diesel, this 
synthetic diesel fuel 
contains less than 10 
ppm sulfur, which directly 
reduces diesel PM and 
SOx emissions.

NJDEP, 
2005

NOx/PM Commercial 
Marine 
Vessels

Nonroad 
Mobile 
Sources

Provide Electric 
Power to Ships 
at the Ports

Cold Ironing 2280002xxx 83-
97

99 Environ, 
2004

$69,000/ton = 
average
$16,000/ton = 
weighted 
average

Environ, 
2004

Cost-effectiveness would 
improve in the case of 
new terminals or new 
vessels, due to the lack 
of operational, safety, 
and engineering 
challenges associated 
with retrofitting 
shorepower into existing 
port facilities.

CARB, 2006 PM Commercial 
Marine 
Vessels

Nonroad 
Mobile 
Sources

Add-On 
Controls

DPF 2280002xxx >85 CARB, 
2006

There are two kinds of 
filters available - passive 
and active.

CARB, 2006 PM Commercial 
Marine 
Vessels

Nonroad 
Mobile 
Sources

Add-On 
Controls

DOC 2280002xxx ~30 CARB, 
2006

NJDEP, 
2005

SO2/PM Commercial 
Marine 
Vessels

Nonroad 
Mobile 
Sources

Reduce Fuel 
Sulfur Content 
in Main 
Engines of 
Ocean-going 
vessels

Switch to Low 
Sulfur Fuel

2280002xxx 5 40 NJDEP, 
2005

This measure must be 
implemented through 
petitioning EPA to 
generate a SECA 
application associated 
with MARPOL.

CARB, 2006 NOx Commercial 
Marine 
Vessels

Nonroad 
Mobile 
Sources

Add-On 
Controls

SCR 2280002xxx 65-90 CARB, 
2006

May reduce diesel PM 
emissions.
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Source 
Category

Source 
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Measure
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Technology Model 
Year
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Effectiveness

Cost 
Year

Cost 
Reference

NJDEP, 
2005

SO2/PM Commercial 
Marine 
Vessels

Nonroad 
Mobile 
Sources

Limit Sulfur 
Content of 
Auxiliary 
Engine Fuel 

Switch to Low 
Sulfur Fuel

2280002xxx California has predicted 
that their auxiliary engine 
rule will yield the 
following reductions: 2.7 
tons per day (TPD) of PM 
in 2007 and 3.7 TPD of 
PM in 2010.

California has predicted 
that their auxiliary engine 
fuel sulfur limit will cost 
the container and bulk 
shipping industry to 
reduce sulfur content of 
the fuel from 1% to 0.5% 
approximately $34 million 
in 2007. To further 
reduce the sulfur content 
of the fuel from 0.5% to 
0.1% would cost 
approximately $38 million 
in 2010.

NJDEP, 
2005

SO2/PM Commercial 
Marine 
Vessels
Recreational 
Marine

Nonroad 
Mobile 
Sources

Reduce Fuel 
Sulfur Content 
for Smaller 
Commercial 
and 
Recreational 
Vessels

Switch to Low 
Sulfur Fuel

2280002xxx
228202xxxx

10 82-
99.5

NJDEP, 
2005

Emission reductions 
based on assumption 
that current sulfur level of 
3,000 parts per million 
(ppm) is reduced to 500 
and to 15 ppm.

CARB, 2006 NOx/PM Commercial 
Marine 
Vessels-
Harbor 
Vessels

Nonroad 
Mobile 
Sources

Shore Based 
Electrical 
Power

Cold Ironing 2280002020 12-
27

12-27 CARB, 
2006

No C-E values provided; 
likely to be cost-effective 
for ships that frequently 
visit ports equipped with 
shore power.  Control 
efficiencies based on 
participation of 40% of 
tugboat fleet in 2010 and 
80-100% of tugboat fleet 
in 2025.

CARB, 2006 PM Commercial 
Marine 
Vessels-
Harbor 
Vessels

Nonroad 
Mobile 
Sources

Cleaner Marine 
Fuels

Biodiesel 2280002020 >50 CARB, 
2006

Generally results in a 
NOx increase.  Biodiesel 
is best used in 
combination with NOx 
control strategies.  
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Year
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Cost 
Year

Cost 
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CARB, 2006 NOx Commercial 
Marine 
Vessels-
Harbor 
Vessels

Nonroad 
Mobile 
Sources

Cleaner Marine 
Fuels

Emulsified 
Diesel Fuel

2280002020 CARB, 
2006

 ARB estimates that 
emulsified diesel fuel 
used in on-road engines 
can reduce NOx by 15 
percent and PM by 50 
percent.  Additional 
testing is required to 
determine whether 
similar reductions are 
possible in marine 
engines.

CARB, 2006 PM Commercial 
Marine 
Vessels-
Harbor 
Vessels

Nonroad 
Mobile 
Sources

Cleaner Marine 
Fuels

Compressed or 
liquefied natural 
gas or 
diesel/CNG 
dual fuel

2280002020 Can result in significant 
reductions in NOx and 
PM.  The results vary 
with specific application 
and the ratio of diesel to 
CNG used.  Additional 
testing is required to 
determine whether 
similar reductions are 
possible in marine 
engines.

CARB, 2006 NOx/PM Commercial 
Marine 
Vessels-
Ocean Going 
Vessels

Nonroad 
Mobile 
Sources

Shore Based 
Electrical 
Power

Cold Ironing 2280002010 90 90 $6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 ARB assumes 90% 
control and participation 
of 20% of fleet in 2010 
and 80% of fleet in 2020

CARB, 2006 SO2/PM Commercial 
Marine 
Vessels-
Ocean Going 
Vessels

Nonroad 
Mobile 
Sources

Cleaner Marine 
Fuels for Main 
Engines

Marine distillate 
fuels

2280002010 75 75 6 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006

CARB, 2006 NOx/PM Commercial 
Marine 
Vessels-
Ocean Going 
Vessels

Nonroad 
Mobile 
Sources

Build New 
Ships that Far 
Exceed IMO 
Standards

New or 
Retrofitted 
Engines

2280002010 60 90 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006

CARB, 2006 SO2 Commercial 
Marine 
Vessels-
Ocean Going 
Vessels

Nonroad 
Mobile 
Sources

Cleaner Marine 
Fuels for Main 
Engines

Lower sulfur 
content

2280002010 35 80 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Control efficiencies 
assume use of lower 
sulfur content fuel oil of 
5000 ppm
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Year
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Effectiveness

Cost 
Year

Cost 
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CARB, 2007 SO2 Commercial 
Marine 
Vessels-
Ocean Going 
Vessels

Nonroad 
Mobile 
Sources

Cleaner Marine 
Fuels for 
Auxiliary 
Engines

Lower sulfur 
content

2280002010 35 80 CARB, 
2006

$6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Control efficiencies 
assume use of lower 
sulfur content fuel oil of 
5000 ppm

CARB, 2006 NOx Commercial 
Marine 
Vessels-
Ocean Going 
Vessels

Nonroad 
Mobile 
Sources

Cleaner Marine 
Fuels

Emulsified 
Diesel Fuel

2280002010 30 $6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Slight increase in fuel 
consumption and PM 
emissions.

CARB, 2006 NOx Commercial 
Marine 
Vessels-
Ocean Going 
Vessels

Nonroad 
Mobile 
Sources

Vessel Speed 
Reduction 
Program

Extending 
speed reduction 
zones offshore

2280002010 $6,500-$18,000 
per ton of NOx + 
diesel PM 
reduced

2005 CARB, 2006 Slower speeds reduce 
main engine fuel 
consumption and result 
in significant NOx 
reductions.  There is the 
potential for increases in 
diesel PM emissions for 
some vessels operating 
at slow speeds.

Acronyms
EGR - Exhaust Gas Recirculation 
SCR - Selective Catalytic Reduction 
DOC - Diesel Oxidation Catalysts
DPF - Diesel Particulate Filters
CCV - Closed Crankcase Ventilation
APU - Auxiliary Power Units
GSE - Ground Support Equipment
CNG - Compressed Natural Gas
LPG - Liquefied Petroleum Gas
IMO - International Marine Organization
ULSD - Ultra-Low Sulfur Diesel
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Source Category Emission Reduction Measure Control 
Efficiency

Cost 
Effectiveness

Notes/caveats Other pollutants 
controlled

References for more information

School Bus Diesel Retrofit  - Diesel Oxidation 
Catalysts

50 12000 - 49100 Applies to 1990-2006 model 
years

PM, CO EPA 2006b, EPA 2006d, EPA 2006

School Bus Diesel Retrofit - Catalyzed Diesel 
Particulate Filters

90 12400 - 50500 Applies to 1995-2006 model 
years

PM, CO EPA 2006b, EPA 2006d, EPA 2006

Class 6 & 7 HDDVs Diesel Retrofit  - Diesel Oxidation 
Catalysts

50 27600 - 67900 Applies to 1990-2006 model 
years

PM, CO EPA 2006b, EPA 2006d, EPA 2006

Class 6 & 7 HDDVs Diesel Retrofit - Catalyzed Diesel 
Particulate Filters

90 28400 - 69900 Applies to 1995-2006 model 
years

PM, CO EPA 2006b, EPA 2006d, EPA 2006

Class 8B HDDVs Diesel Retrofit  - Diesel Oxidation 
Catalysts

50 11100 - 40600 Applies to 1990-2006 model 
years

PM, CO EPA 2006b, EPA 2006d, EPA 2006

Class 8B HDDVs Diesel Retrofit - Catalyzed Diesel 
Particulate Filters

90 12100 - 44100 Applies to 1995-2006 model 
years

PM, CO EPA 2006b, EPA 2006d, EPA 2006

HDDVs Diesel Retrofit - Active Diesel 
Particulate Filter

60 - 93 PM, CO STAPPA/ALAPCO 2006, EPA 2006

HDDVs Diesel Retrofit - Flow Through 
Filter

50 - 89 Applies to 1991 - 2002 
model years; needs 15 ppm 
sulfur diesel or CARB diesel

PM, CO STAPPA/ALAPCO 2006; CARB 2006a, 
EPA 2006

HDDVs Diesel Retrofit - NOX Adsorber 10 - 90 PM, NOX, CO STAPPA/ALAPCO 2006, EPA 2006
HDDVs Alternative Fuel - Biodiesel 0 - 50 Increases NOX PM, CO EPA 2006e; STAPPA/ALAPCO 2006
HDDVs Alternative Fuel - Oxygenated 

Diesel
0 - 50 Oxygenated with ethanol; 

Nox emissions likely to 
increase

PM, CO, CO2 STAPPA/ALAPCO 2006

HDDVs Alternative Fuel - Fuel-borne 
Catalyst

0 - 50 PM, NOX, CO STAPPA/ALAPCO 2006

Class 5 and above HDDVs and 
Diesel Buses

Replacement 72 - 89 Applies to 1990-2006 model 
years

PM, NOX EPA 2006d

Class 8 HDDVs Intermodal - shift of transportation 
of goods from truck to rail 
transport

1.0 0 Would result in a 0.3-0.4% 
increase in all pollutants 
from locomotive and rail 
SCCs; represents a 1% shift 
from truck-only transport to 

PM, NOX, SO2, 
NH3

EPA 2006d

Class 8 HDDVs Eliminate Long Duration Idling with 
Truck Stop Electrification

3.4 0 Upfront capital costs fully 
recovered by fuel savings

PM, NOX, SO2, CO EPA 2006d, EPA 2004

Class 8 HDDVs Eliminate Long Duration Idling with 
Mobile Idle Reduction 
Technologies

3.4 0 Upfront capital costs fully 
recovered by fuel savings

PM, NOX, SO2, CO EPA 2006d, EPA 2004
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Source Category Emission Reduction Measure Control 
Efficiency

Cost 
Effectiveness

Notes/caveats Other pollutants 
controlled

References for more information

Light-Duty Gasoline Vehicles 
and Trucks

Best Workplaces for Commuters-
all measures combined

0.4-1.0 Reductions based on the 
following measures:  
Regional Rideshare, 
Vanpool Programs, Park-
and-ride lots, Regional 
TDM, Employer trip 
reduction programs; control 
efficiency depends on 
penetration--0.4% reduction 
at 10% penetration and 
1.0% reduction at 25% 
penetration

PM, NOX, SO2, 
NH3, CO

EPA 2006d, EPA 2005b

LDGVs, LDGTs, HDGVs, and 
MCs

Federal Reformulated Gasoline 27 NOX, CO Pechan 2006, EPA 1999

LDGVs and LDGTs High Enhanced I/M Program 1.8 - 19.8 Reduction is based on 
emissions from entire fleet

NOX, CO Pechan 2006

LDGVs and LDGTs Repair assistance for low-income 
owners of older poorly maintained 
vehicles

NOX NJDEP 2005b

LDGVs and LDGTs MPG/Emissions Requirements for 
Large Fleets

NOX, PM, SO2 NJDEP 2005b

LDGVs and LDGTs Fee based on VMT NOX, PM, SO2, NJDEP 2005b
LDGVs and LDGTs Alternative Fuels Tax Credit NJDEP 2005b
LDGVs and LDGTs Electric Shuttles in Structured 

Communities
NOX, PM, SO2, 
NH3

NJDEP 2005b

LDGVs and LDGTs Electric Vehicle Charging Stations NOX, PM, SO2 NJDEP 2005b

LDGVs and LDGTs Expansion of Bike/hiking trails NOX, PM, SO2, 
NH3

NJDEP 2005b

HDDVs Driver incentive/training program 
to reduce idling

NOX, PM, SO2 NJDEP 2005a
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Source Category Emission Reduction Measure Control 
Efficiency

Cost 
Effectiveness

Notes/caveats Other pollutants 
controlled

References for more information

LDGVs and LDGTs Incentives for hybrids and other 
ULEV, SULEV, ZEV vehicles

NOX, PM, SO2 CARB 2006b

All Highway Vehicles Smoking Vehicle Hotline PM, NOX CARB 2006b

Acronyms:
LDGV=Light-duty Gasoline Vehicle

LDGT=Light-duty Gasoline Truck
HDGV=Heavy-duty Gasoline Vehicle
MC=Motorcycle
LDDV=Light-duty Diesel Vehicle
LDDT=Light-duty Diesel Truck
HDDV=Heavy-duty Diesel Vehicle
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SO2

Source Category Emission Reduction Measure Control 
Efficiency

Cost 
Effectiveness

Notes/caveats Other pollutants 
controlled

References for more information

Class 8 HDDVs Intermodal - shift of transportation 
of goods from truck to rail 
transport

1.0 0 Would result in a 0.3-0.4% increase in all 
pollutants from locomotive and rail SCCs; 
represents a 1% shift from truck-only 
transport to rail

PM, NOX, SO2, 
VOC

EPA 2006d

LDGVs and LDGTs Best Workplaces for Commuters-
all measures combined

0.4-1.0 Reductions based on the following 
measures:  Regional Rideshare, Vanpool 
Programs, Park-and-ride lots, Regional 
TDM, Employer trip reduction programs; 
control efficiency depends on penetration--
0.4% reduction at 10% penetration and 
1.0% reduction at 25% penetration

PM, NOX, VOC, 
SO2, CO

EPA 2006d, EPA 2005B

LDGVs and LDGTs Fee based on VMT VOC, NOX, PM, NJDEP 2005b
LDGVs and LDGTs Electric Shuttles in Structured 

Communities
VOC, NOX, PM, 
SO2

NJDEP 2005b

LDGVs and LDGTs Expansion of Bike/hiking trails VOC, NOX, PM, NJDEP 2005b

Acronyms:
LDGV=Light-duty Gasoline Vehicle
LDGT=Light-duty Gasoline Truck
HDGV=Heavy-duty Gasoline Vehicle
MC=Motorcycle
LDDV=Light-duty Diesel Vehicle
LDDT=Light-duty Diesel Truck
HDDV=Heavy-duty Diesel Vehicle
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Onroad VOC and NH3 Measure References
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

Key Reference
References for Onroad VOC and NH3

CARB 2006a
California Air Resources Board, "Currently Verified Diesel Emission Control Technologies," as of September 6, 2006 
http://www.arb.ca.gov/diesel/verdev/verifiedtechnologies/cvt.htm

CARB 2006b California Air Resources Board, "ARB Programs," updated May 4, 2006 http://www.arb.ca.gov/html/programs.htm
ENVIRON 2006 ENVIRON International Corporation, "Evaluation of Candidate Mobile Source Control Measures", Final Report, prepared for Lake Michigan Air Directors 

Consortium, 2250 E. Devon Ave., #250, Des Plaines, IL 60018, February 28, 2006. 
http://www.ladco.org/reports/rpo/Regional%20Air%20Quality/LADCO%20Control%20Report_Final.pdf

EPA 1999 U.S. Environmental Protection Agency, Office of Air and Radiation, "Phase II Reformulated Gasoline:  The Next Major Step Toward Cleaner Air", EPA420-F-99-
042, November 1999. http://www.epa.gov/OMSWWW/rfg/f99042.pdf

EPA 2004 Guidance for Quantifying and Using Long DurationTruck Idling Emission Reductions In State Implementation Plans and Transportation Conformity, EPA420-B-
04-001, January 2004. http://www.epa.gov/otaq/stateresources/transconf/policy/truckidlingguidance.pdf    

EPA 2005 Draft list of potential RACT and RACM from PM rule preamble (see EPA websites on verified retrofit technologies) 
http://www.epa.gov/otaq/retrofit/retroverifiedlist.htm

EPA 2005b Guidance for Quantifying and Using Emissions Reductions from Best Workplaces for Commuter Programs in State Implementation Plans and Transportation 
Conformity Determinations, EPA420-B-05-016, October 2005. http://www.epa.gov/otaq/stateresources/policy/transp/commuter/420b05016.pdf 

EPA 2006 Diesel Retrofits:  Quantifying and Using Their Benefits in SIPs and Conformity, EPA420-B-06-005, June 2006. 
http://www.epa.gov/otaq/stateresources/transconf/policy/420b06005.pdf

EPA 2006b U.S. Environmental Protection Agency, Office of Transportation and Air Quality, "Diesel Retrofit Technology, An Analysis of the Cost-Effectiveness of Reducing 
Particulate Matter Emissions from Heavy-Duty Diesel Engines Through Retrofits", EPA420-S-06-002, March 2006. 
http://www.epa.gov/cleandiesel/documents/420s06002.pdf

EPA 2006d EPA Staff Communication:  "Mobile Source Control Measures in PM NAAQS RIA", EPA, 2006

EPA 2006e Clean Ports USA, "Emission Reduction Strategies by Application, Trucks," as of September 2006 http://www.epa.gov/cleandiesel/ports/stratapp.htm#highway
NJDEP 2005a NJDEP Diesel Initiatives Workgroup, "A Collaborative Report Presenting Air Quality Strategies for Further Consideration by the State of New Jersey," October 

31, 2005. http://www.nj.gov/dep/airworkgroups/docs/final_di_workgroup_report.pdf
NJDEP 2005b NJDEP Gasoline Cars & Trucks Workgroup, "A Collaborative Report Presenting Air Quality Strategies for Further Consideration by the State of New Jersey," 

October 31, 2005. http://www.state.nj.us/dep/airworkgroups/docs/final_gct_report.pdf
OTC 2006 Ozone Transport Commission (OTC) “Candidate Control Measures.” http://www.otcair.org/projects_details.asp?FID=93&fview=stationary
Pechan 2006 E.H. Pechan & Associates, Inc., "AirControlNET, Version 4.1 Control Measure Documentation Report," Draft Report, prepared for U.S. Environmental 

Protection Agency, Research Triangle Park, NC, Pechan Report No. 06.05.003/9011.002, May 2006.
San Joaquin Valley UAPCD, 2003 San Joaquin Valley Unified Air Pollution Control District (UAPCD). Final BACM Technological and Economic Feasibility Analysis, prepared by Sierra Research, 

March 21, 2003. http://www.soiltac.com/PDF/Final_BACM_Chapter 20 - Fugitive Dust 287Feasibility_Analysis.pdf

STAPPA/ALAPCO 2006
The State and Territorial Air Pollution Program Administrators and the Association of Local Air Pollution Control Officials,  "Controlling Fine Particulate Matter 
Under the Clean Air Act: A Menu of Options, " March 2006. http://www.4cleanair.org/PM25Menu-Final.pdf

TCEQ 2006 Texas Commission on Environmental Quality, Texas Air Quality Control Measures, as of September 2006 
http://www.tceq.state.tx.us/implementation/air/sip/sipstrategies.html#mobile
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Fugitive Dust Measures
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

Stationary Source Fugitive Dust Measures

Source category Emissions reduction measure Control 
efficiency (%)

Cost effectiveness
($/ton reduced)

Cost 
Year

Notes/caveats Other 
pollutants 
controlled

References for more information

Abrasive blasting Water spray 50-93% 
(PM10)

Not available WRAP 2006

Abrasive blasting Enclosure, fabric filter 95% (PM10) Not available WRAP 2006
Mineral products industry wide 
variety of sources

Control measures identified in 
WRAP fugitive dust manual, 
chapter 11

Variable Not available WRAP 2006

Open area wind erosion Control measures identified in 
WRAP fugitive dust manual, 
chapter 8

Variable Not available WRAP 2006

Storage pile wind erosion Control measures identified in 
WRAP fugitive dust manual, 
chapter 9

Variable Not available WRAP 2006

Ref:   Western Regional Air Partnership (WRAP) Fugitive Dust Handbook
http://www.wrapair.org/forums/dejf/fdh/index.html
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Fugitive Dust Measures
See cover note for important notes and caveats on the use of these tables

Draft Version 1.0

On-road fugitive dust measures

Source category Emissions reduction measure Control 
efficiency (%)

Cost effectiveness
($/ton reduced)

Cost 
Year

Notes/caveats Other 
pollutants 
controlled

References for more information

Paved Roads Street Sweeping Effectiveness 
varies with 
frequency

Paved Roads Require 4 foot paved shoulders (all new paved roads) 
$13,800 - $554,000, (50% 
of existing paved roads) 
$7,290-$11,300 - per ton of 
PM10

2002$ San Joaquin Valley UAPCD 2003 

Paved Roads Require wind- and water-borne 
deposition to be removed within 24 
hours of discovery

$2,850 per ton PM10 
reduced

2002$ San Joaquin Valley UAPCD 2003

Unpaved Roads Chemical Stabilization/ Dust 
Suppressant Application

25 $2,753 per ton PM 
removed

1990$ EPA 1986

Unpaved Roads Implement rules to limit visible dust 
emissions to 20% opacity on 
unpaved parking areas receiving up 
to 100 trips per day

$5,230-$30,500 per ton 
PM10

2002$ San Joaquin Valley UAPCD 2003

Unpaved Roads Limit max speed on unpaved roads 
to 25 mph

$1,080 per ton PM10 2002$ San Joaquin Valley UAPCD 2003

Unpaved Roads Pave unpaved roads and unpaved 
parking lots

25 $2,160-$5,920 per ton 
PM10 (2002$)

2002$ San Joaquin Valley UAPCD 2003

Unpaved Roads Require paving, 4 inches gravel, or 
dust suppressant at special event 
parking

$5,980-$63,200 per ton 
PM10

2002$ San Joaquin Valley UAPCD 2003

Ref: San Joaquin Valley UAPCD 2003
San Joaquin Valley Unified Air Pollution Control District (UAPCD). Final BACM Technological and Economic Feasibility 
Analysis, prepared by Sierra Research, March 21, 2003.                                                                                              
www.soiltac.com/PDF/Final_BACM_Chapter 20 - Fugitive Dust 287Feasibility_Analysis.pdf.

Ref:  EPA 1986
 "Identification, Assessment, and Control of Fugitive Particulate Emissions," EPA/600/8-86/023.  Prepared by Midwest Research Institute, August 1986.  
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