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reduce particulate matter by 20 - 50 percent.
Wikl e s i Mty





                       
NEWS FLASH 
205, Chandra Bhawan, 67-68, Nehru Place, New Delhi-110019

Tel No.:  26437131, 51606513   E-Mail: ecmaindia@vsnl.net / ecmaindia@touchtelindia.net
ECMA:  June 8th 2004 Vol. – 17
(Special Flash on Diesels) 
Are Diesels Making A Comeback?
Some Automakers see Diesels as the best answer to today's fuel-economy woes.   Diesel engines typically get about 30 % better fuel economy than a similar-sized gasoline engine. By virtue of their lower consumption, they emit less carbon dioxide, which has been linked to global warming. However, diesels produce more smog-forming NOx and fine particulates, or soot, which is a carcinogen and potential respiratory hazard.
(  Do you Currently Own a Diesel?
As a current diesel owner, you are ahead of the curve in recognizing and understanding the true benefits of clean diesel technology. Not only do you get better fuel economy and experience more power in your vehicle compared to that of a gasoline owner, but you are also contributing to a healthier environment by producing less greenhouse gases like CO2.

As a professional serving the public, it's important to recognize the importance of clean diesel and its vital role in world’s economy, quality of life and national security. Diesel's performance, efficiency & safety benefits make it the fuel of choice for the agriculture, public transportation and public safety industries in the world.  Clean diesels are also more environmentally friendly than ever before, with today's trucks and buses producing one-eighth the emissions of those manufactured a dozen years ago.

As a diesel fleet owner, you understand the vitality of diesel engines in transporting goods and services. You also know that trucking relies on diesel power. In fact, between 1992 & 1997, nearly 1.2 million diesel trucks were added to the country's truck fleet. Stay abreast of the latest developments in clean diesel technology, future engine and fuel standards (2007), and smoke emissions testing.
(  Why Diesel? 
Clean diesel's vital role in world economy, quality of life and security is due to the wide range of performance, efficiency and safety benefits it offers as an energy source. The attributes that make diesel such an effective source of power include:
· Safety - Diesel is a safer fuel than gasoline or other alternatives. It is less flammable and explosive than gasoline. 
· Energy content - Diesel fuel contains about 30% more energy per gallon as compared to gasoline. 

· Efficiency - Today's heavy duty clean diesel truck engines get 10 - 30% better fuel economy than those built in the last 10 years 

· Performance - Diesel technology has a greater power density than other fuels - it packs more power per unit volume than other fuels. 

· Durability - Diesel engines are renowned for their durability, lasting hundreds of thousands of miles. This helps conserve resources. 
· Continuous improvements - Significant progress has been made in reducing emissions from diesel engines of all kinds. Thanks to new, clean diesel technologies, today's trucks and buses are eight times cleaner than those built just a dozen years ago.
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(  Diesel and the Environment.
Diesel is the world's most efficient internal combustion engine, providing more power and fuel efficiency than other alternatives. But that's not all diesel offers. Today's clean diesel engines are more environmentally friendly than ever before, making the noise and smoke previously associated with diesel a thing of the past. 

Despite these advancements, the industry continues to push to virtually eliminate the key pollutants associated with on- and off-road diesel engines, demonstrating diesel's commitment to being part of the solution in improving the world’s overall air quality. 

Diesel has a number of environmental advantages over other types of internal combustion engines. Of the five major emissions from internal combustion engines - Carbon Monoxide, Hydrocarbons, Carbon Dioxide, Particulate Matter (PM) and Nitrogen Oxides (NOx) - diesel emits only small amounts of the first three. The entire diesel industry has accepted the challenge of reducing PM and NOx emissions and has made great strides that will continue into the next decade. 

(  Did You Know…  Quick Facts about Clean Diesel Technology
Emissions Reduction: 
· Particulate matter (PM) emissions of new on-highway diesel engines have been reduced 83% since 1988. 

· Nitrogen Oxides (NOx) emissions of new on-highway diesel engines have been reduced by 63% since 1988. 

· Emissions standards for 2004 will cut NOx emissions in half for on-highway diesel engines, effecting an 83% total reduction since 1988. 

· Among all on-road mobile sources, heavy-duty vehicles account for only 3% of total Carbon Monoxide (CO) emissions. 

· Among on-road mobile sources, heavy-duty diesel vehicles account for only 6% of total Hydrocarbon (HC) emissions. 
Fuel Efficiency: 
· In Europe, where fuel prices put energy conservation at a premium, diesel powers nearly 50% of all new passenger vehicles. 

· In France, Belgium, Austria, Luxembourg, and Spain, 60% of new passenger vehicles are diesel. 

· Light-duty diesels, such as automobiles, use 20-40% less fuel than similarly sized gasoline engines, depending on the type of vehicle and driving conditions. 

· Studies have found on-road heavy-duty diesels to be more than 60% more fuel efficient than similarly sized spark-ignited natural gas engines (both CNG and LNG). 
· Diesel's superior fuel efficiency is not only a result of compression ignition, but also a result of diesel fuel's higher energy content. A gallon of diesel fuel contains roughly 11% more energy than a gallon of gasoline, 67% more than a gallon of LNG and 250% more than a gallon of CNG.

(  Diesel Smoke Testing.
Well-maintained diesel truck engines should not emit excessive visible smoke, and modern diesel truck engines have been smoke-free since 1994. The presence of visible diesel smoke emissions are a significant concern in older engines and create an overall negative image for all diesel engines.  
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Smoke comes in different colors such as: 
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 Blue = unburned engine oil mixed in the exhaust, usually due to worn piston rings, cylinder liners, 
       valve guides or other components 
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 White = droplets of unburned liquid fuel and water vapor, occurs typically at start-up, or idle
(  Diesel Emission Reductions
Tremendous progress has been made in lowering diesel emissions. New diesel bus engines emit only one-eighth the emissions of those built just a dozen years ago. Clean diesel buses offer significant operational advantages over many "alternative" fuels and assure reliable, durable and cost-efficient bus transportation. With advances in emissions-control systems and ultra low sulfur fuel, clean diesel can deliver equivalent emissions performance to compressed natural gas (CNG) and other alternatives. 

A new wave of federal standards coming online in 2004 and 2007 will virtually eliminate emissions from new buses. The new regulations call for a reduction of both Particulate Matter and Nitrogen Oxides by 98% from 1988 levels. 

Engine manufacturers and suppliers are addressing the reduction of emissions through both continued refinement of engine technologies, like advanced fuel injection systems and turbo-charging, as well as new exhaust after treatment technologies and cleaner diesel fuel. Many of these new technologies can also be used to upgrade older diesel engines, reducing key pollutants from existing bus fleets by up to 90 %. 

The use of low-sulfur diesel fuel is one strategy designed to reduce emissions both directly and by enabling exhaust after treatment. Other diesel fuel options include raising the cetane number in diesel fuel; which improves the combustion process. New lubricants that reduce friction thereby lowering emissions are another technique. 

The California Air Resources Board (CARB) recognizes the future of clean diesel technology in its school bus program. The board allocated half of its $50 million school bus program to clean diesel technology- $12.5 million for the purchase of new buses, and $12.5 million for purchase of particulate matter (PM) traps. 

Advantages Over Alternative Fuels 

Clean diesel buses offer significant operational advantages over many "alternative" fuels and assure reliable, durable and cost-efficient bus transportation. With advances in emissions-control systems and ultra-low sulfur fuel, clean diesel can deliver equivalent emissions performance to the current diesel alternative, CNG, and other alternative fuels. Also, due to the tremendous costs associated with changing over fleets and fuel station depots across the nation, changing buses to other fuel types in order to comply with future U.S. Environmental Protection Agency (EPA) standards is not being largely considered. 

A community will get more clean air for the dollar with a clean diesel bus fleet compared to CNG. Clean diesel buses are 20-25% less expensive than CNG buses and do not require a separate fueling infrastructure as do CNG buses. By buying new diesel buses or retrofitting older buses with particulate traps and cleaner diesel fuel, transit agencies can convert a greater portion of a fleet to clean diesel to meet state emissions requirements than would be possible if purchasing CNG buses.
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(  New Technologies.

Advanced technologies have made diesel engines cleaner quieter and more powerful than ever before. Some of the best Diesel Cars idle at 44dB, compared to 42dB for gasoline engines whilst at full throttle it is 72dB for Diesel compared to 76dB for Gasoline engine. New innovations include: 
Electronic Controls : A computer controls mechanical switches that allow precise amounts of fuel to flow from the injector into the cylinder. 
Common Rail Fuel Injection :  Common-rail fuel injection is an advanced fuel pump technology that is part of the new fuel control system in clean diesel engines. By directly feeding the injectors from a single fuel pump, an electronic system can be incorporated which precisely controls the pressure and timing of fuel injection. Thousands of highly trained technicians calibrate, maintain and repair the advanced fuel injection systems on diesel engines of all kinds. 
Variable Injection Timing : Variable injection timing is another innovation in the new fuel control system. Electronically controlled high-pressure fuel injector releases the precise amount of fuel at the moment of maximum compression (when the piston reaches the top of the cylinder). 
Improved Combustion Chamber Configuration : In an improved combustion chamber configuration, the cylinder head has been shaped to provide the proper space in which fuel/air mixture will ignite and burn most effectively, creating maximum power stroke. 

Turbo charging : Turbo charging utilizes energy from the engine exhaust to boost performance. Exhaust gas drives a turbine wheel that turns another turbine wheel in the intake air stream forcing more air into the cylinder reducing emissions and increasing performance. 
Ultra-Low Sulfur Fuel : Ultra-low sulfur diesel fuel is highly refined for clean, complete combustion and low emissions enabling the use of emissions treatment systems. 
Particulate Traps : Particulate traps are filters that collect particulate matter (PM) as the exhaust gas passes through and can reduce particulate emissions by 80-90% 
Oxidation Catalysts : Oxidation catalysts are the second part of the emissions control system that prevents clogging in the particulate filter by attracting excess soot from the exhaust. Some catalysts - such as selective catalytic reduction (SCR) devices and NOx absorbers - focus on nitrogen oxides and can reduce these emissions by 25-50%.
( What Is Retrofit?
An Overview  
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The concept of "Retrofit" has typically been too narrowly defined. The term is most often used as a label describing various exhausts after treatment devices. While exhaust after treatment technology represents a very promising category of solutions for in-use emissions reduction, it is only one of a number of options available for fleet owners. Each of the Five "Rs" of diesel retrofit has its own advantages and strengths that can be tapped to tailor an emissions reduction program to specific air quality improvement goals, budgets and equipment owners' needs: 
1. Repair/Rebuild - Regular engine maintenance plays a critical role in ensuring proper engine performance and engine rebuilding can significantly lower emissions in some cases. 

2. Refuel - The use of advanced diesel fuels, such as ultra-low sulfur diesel (ULSD), can lower emissions with or without the addition of other emissions control devices. 

3. Retrofit - The installation of exhaust after treatment technologies - such as particulate filters, oxidation catalysts, exhaust gas recirculation (EGR), selective catalytic reduction (SCR) devices, and NOx catalysts - can reduce emissions of particulate matter (PM) and nitrogen oxides (NOx). 

4. Repower - Replacing the older engine with a new clean diesel engine can be a cost effective option for certain highly-valuable pieces of diesel equipment. 

5. Replace - Replacing entire vehicles or equipment may be the best, most cost-effective option for some of the oldest engines.

Repair/Rebuild 

The simplest and least expensive way to reduce PM emissions from existing diesel engines is to ensure that they are properly tuned and maintained. Proper maintenance and tuning can significantly improve emissions by ensuring that fuel is completely burned during combustion, rather than being emitted as exhaust PM. Proper maintenance and tuning, performed regularly, can also reduce operating costs by improving fuel economy, eliminating unnecessary maintenance, and extending engine life. 

There are many engine maintenance items that can have a dramatic impact on emissions, fuel economy and engine life. The most common maintenance issues include: restricted air filters, improper injection timing, clogged, worn or mismatched fuel injectors, faulty fuel injection pumps, defective or misadjusted puff limiters, low air box pressure, improperly adjusted valve lash or governors, malfunctioning turbochargers and after coolers, maladjusted fuel racks, defective air fuel controllers, poor fuel quality, improper driving gear and air manifold leaks.

Refuel

While repair and maintenance represent the simplest way to enhance emissions performance for individual vehicles, the use of advanced diesel fuels is another option that can deliver emissions reductions broadly throughout a centrally fueled fleet. 

Fuel with reduced sulfur content is the most popular refueling option. Fifteen parts per million (ppm) ultra-low sulfur diesel ("ULSD") has been adopted by the EPA as part of its heavy-duty on-highway regulatory program, which will begin implementation in 2006. In a number of regions of the country, ULSD is available today for use by centrally fueled fleets in voluntary emissions reduction programs. The primary purpose of lower sulfur fuel is to enable or improve the performance of after treatment technologies. Fuel sulfur tends to degrade the effectiveness and longevity of after treatment devices by inhibiting the function of catalysts and filters. However, reduced sulfur will also provide a small emissions benefit without additional after treatment, because a portion of particulate matter (PM) emissions is comprised of sulfates, the formation of which is a direct function of the level of sulfur in the fuel. The quantity of emissions reduction from the use of ULSD alone will vary depending on the application, level of sulfur reduction, and other fuel characteristics of the replacement fuel.
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Retrofit 

Advanced exhaust after treatment and engine modification technologies, combined with ultra-low sulfur diesel (ULSD), are the emissions reduction strategies with the potential for the most dramatic per-vehicle emissions reductions. As discussed below, these technologies can reduce key vehicle emissions by as much as 90 % or more in some cases. The principal types of exhaust after treatment and engine modification are:

Diesel Particulate Filters - These filters collect particulate matter as the exhaust gases pass through, and can reduce particulate emissions by 80 to 90 % using a catalytic reaction or an auxiliary heating element. These also reduce hydrocarbon and carbon monoxide emissions by 90%. 

Catalytic Converters - These devices use a chemical reaction to convert emissions into harmless substances. Some catalysts -such as selective catalytic reduction (SCR) devices and NOx absorbers - focus on nitrogen oxides and can reduce these emissions by 25-50 % by adding a reducing agent to the exhaust stream that converts nitrogen oxides to nitrogen and oxygen. 
Diesel Oxidation Catalysts (DOCs) - DOCs initiate a chemical reaction in the exhaust stream, oxidizing pollutants into water vapor and other gases, such as sulfur dioxide and carbon dioxide. DOCs provide 20 to 50 % reductions in particulate matter, 60 to 90 % reductions in hydrocarbons and reduce carbon monoxide by more than 90 %. 

Exhaust Gas Recirculation (EGR) - EGR reduces nitrogen oxides (NOx) by reducing the temperature at which fuel burns in the combustion chamber. Engines employing EGR recycle a portion of engine exhaust back to the engine air intake. The oxygen-depleted exhaust gas is mixed into the fresh air that enters the combustion chamber, which dilutes the oxygen content of the air in the combustion chamber. The reduction in oxygen produces a lower temperature burn, and hence reduces NOx emissions by as much as 40 %. 

NOx Catalysts - Two catalyst technologies have been developed to reduce nitrogen oxides (NOx) emissions by up to 70 %. The "lean NOx catalyst" works like SCR devices by adding a reducing agent to the exhaust stream to facilitate catalytic conversion. Systems using lean NOx catalysts inject diesel fuel into the exhaust gas to add hydrocarbons. The hydrocarbons act as a reducing agent to facilitate the conversion of NOx to nitrogen and water vapor in the catalyst. The second technology, the "NOx Adsorber" operates in two stages. First, NOx is converted and adsorbed into a chemical storage site within the system. Then when the NOx adsorber becomes saturated, it is regenerated by adding extra diesel fuel to the exhaust stream. The collected NOx is converted into nitrogen and oxygen that is emitted from the system.

Repower
Replacement of just the engine in diesel powered equipment, "repowering," may be appropriate where a fleet operator has diesel powered equipment, like certain off-road equipment, with a useful life that is longer than the useful life of the engine itself. Engine and vehicle replacements may also be an appropriate alternative where ultra-low sulfur diesel (ULSD) is not available, because new engines have been engineered to dramatically reduce emissions while using the currently available diesel fuel. In some cases, however, engine replacement may not be cost effective. In all cases, equipment owners should consult original equipment manufacturers to ensure that the torque and horsepower of replacement engines are properly matched to the original application to prevent damage to the vehicle or equipment
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Replace

In some cases, the retirement and replacement of older diesel equipment and engines may provide the most practical and cost-effective emissions improvements for a particular fleet. Replacement enables fleet operators to replace the emissions profile of their oldest and worst emissions performers with state of the art technology. This approach has been successfully applied in large municipal vehicle fleets with regular replacement programs and urban transit bus programs that have already implemented first generation after treatment under the EPA's mandatory urban bus retrofit program.
(  Why Retrofit?

Meeting the Challenge: New Clean Air Standards 
In the 15 years since Congress adopted the Clean Air Act Amendments (CAA) of 1990 , there have been dramatic improvements in diesel technologies. Today's trucks and buses produce one-eighth the emissions of those manufactured just 15 years ago and have been designed to operate “smoke free” since 1994. By 2007, on-highway diesel engines will produce near-zero emissions thanks to cleaner fuels and advanced engine technologies. Similarly, the U.S. Environmental Protection Agency's recently released Non road Diesel Rule will reduce nitrogen oxides (NOx) and particulate matter (PM) emissions from construction, agricultural and industrial diesel-powered equipment by 90% and 95%, respectively, compared to uncontrolled levels (pre-1996). 

These clean diesel developments are key to achieving cleaner air in many of the nation's metropolitan areas, particularly considering EPA has recently announced more stringent federal standards – known as National Ambient Air Quality Standards (NAAQS) – for ozone and fine particulates. 

While the environmental performance of diesel engines is constantly improving, new emissions standards only apply to new engines. However, because diesel is truly the workhorse of the American economy – with engines often lasting hundreds of thousands of miles or running for hundreds of thousands of hours – a sizable fleet of equipment manufactured over two to three decades ago can still be in operation. Fortunately, many of the same advances used to improve new engines can be applied to this existing fleet – providing cost-effective emissions reductions without compromising performance or fuel efficiency. 

Diesel Retrofits – broadly defined as replace, repair, refuel, retrofit and repower – offer a number of benefits over other emissions reduction strategies. 

The Benefits of Diesel Retrofit are : 
a)
Cost Effectiveness :  Diesel retrofits are one of the most cost-effective emissions reductions  strategies eligible for funding under the Congestion Mitigation and Air Quality Improvement (CMAQ) program. 

b)   
Immediate Significant Reductions : In the past several years, major advances in diesel 
technologies have resulted in the development of cleaner diesel engines, fuels and retrofit 
devices that can be installed on vehicles and equipment to reduce in-use emissions by 25%-
85%, depending on the technology and the characteristics of the vehicle or equipment. In 
nearly all cases, the emission reductions are immediate. 
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c)
Flexible and Voluntary Programs :   A number of voluntary approaches to diesel emission reductions have proved successful throughout the United States that, in contrast to regulatory measures, are less onerous and cumbersome than compliance with regulatory measures. These include diesel repower and replacement programs, installation of particulate filters or traps, installation of diesel oxidation catalysts and installation of other exhaust after treatment technologies. In combination with cleaner fuels such as ultra-low sulfur or emulsion fuels, emission reductions are optimized. The types of equipment and vehicles retrofit under these programs can include: heavy-duty trucks, forklifts, bucket loaders, tractors, wheel loaders, refuse trucks, transit and school buses and others. 

d)
Lack of Infrastructure Requirements : In contrast to many alternative fuel measures, Diesel Retrofit strategies do not require installation of special infrastructure. Low sulfur diesel fuel is becoming increasingly easier to access, and with U.S. EPA regulations starting in 2006, ultra-low sulfur fuels will be available throughout the country. Another advantage to diesel retrofits is the ability to easily and quickly install technologies on diesel engines, equipment, and vehicles thereby minimizing vehicle downtime. 

e)
Workhorse of the Economy : Diesel engines are very durable, have a long operating life, and are the workhorse of the American economy. In fact, the diesel industry contributes more than $85 billion each year to the U.S. economy. Diesel systems produce more drive force (torque) at lower engine speeds than engines powered by virtually any other type of fuel. This includes engines on buses, trucks, construction equipment, agricultural equipment, marine vessels, and locomotives. It is not uncommon for a heavy-duty diesel truck to operate more than one million miles during its lifetime, which may span a period of 10, 20, 30 or more years. 
(  Starting A Program.

Overview
Now that you have decided to invest in diesel retrofit strategies, there are a number of steps you may need to consider. This section of the tool kit provides useful information on how to get a program started and builds upon experiences to date in implementing diesel retrofit projects.

Checklist for Establishing a Retrofit Program: 
Step 1: Determine Target Emissions  :  A first step to developing a program is to determine which pollutants are targeted for emission reductions. In most cases, Retrofit strategies will target primarily Nitrogen Oxides (NOx) and/or Particulate Matter (PM) emissions, although some retrofits also reduce volatile organic compounds (VOCs) and carbon monoxide (CO). NOx emissions, along with VOCs, are a key precursor to ground-level ozone and many non attainment areas are required to substantially reduce NOx emissions in order to attain the National Ambient Air Quality Standards (NAAQS). Reducing PM emissions is also a high priority in many regions. 

For on-road emissions, each State Implementation Plan (SIP) includes a motor vehicle emissions budget that explicitly sets a limit for on-road emissions of each specific pollutant (i.e., NOx, CO, PM). This budget applies to certain future years (so-called analysis years) and transportation agencies must demonstrate that they can meet these emissions limits in each year required in the SIP and for each pollutant that exceeds the NAAQS. By reviewing these budgets, one can determine which pollutants need to be reduced, when the reductions are needed, and how much of a reduction is needed in order to attain the NAAQS. Many MPOs need to demonstrate NOx and PM reduction in the next 0-5 years, so diesel retrofits may be an ideal solution in these areas. 
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For off-road emissions (e.g., construction equipment, marine vessels, locomotives, etc.), the SIP will show the level of emissions reductions needed for each major pollutant type and must identify specifically how and when those emission reductions will be achieved. The SIP must include enforceable commitments to making these reductions. So, by reviewing the SIP and the motor vehicle emissions budgets, you can determine which emissions sources need to be addressed, which pollutants need to be reduced, when reductions are needed, and the State (or non attainment area's) proposed strategies. 

Step 2: Identify Candidate Equipment and Vehicles : Once you know which pollutants are targeted for reductions, you need to know what types of equipment and/or vehicles are candidates for one or more retrofit approaches. Then among those, which specific technologies are best suited to your situation? Some engines and vehicle applications make much better retrofit candidates than others, and certain engines and vehicles may simply be inappropriate for investment in an upgrade. In other cases, retrofit may be technologically infeasible. 
One effective way to make these decisions is to inventory the diesel equipment and vehicles you are considering for retrofit, including: 
· Age (engine year) 

· Engine type 

· Annual miles driven 

· Horse power rating 

· Application (e.g., hauling, long-distance driving, short-hauls) 

· Type of exhaust system (single/dual) 

· Operating characteristics (temperature, fuel, etc.) 

This information may be available as part of the non attainment area emissions inventory which, according to the Clean Air Act of 1990, must be updated every three years by the state environmental agency. Emissions inventories will show the sources and amounts of emissions from each major source category (on-road mobile, off-road mobile, stationary, and area sources). If that information is not readily available from the emissions inventory, or if the information is incomplete, you may need to do additional data collection to obtain the full range of information needed. Depending on the number of vehicles in the candidate fleet, this collection can be relatively simple. However, it will be more involved if the fleet is large and includes diverse types of equipment used for many different applications. SIPs can usually be found on state environmental or air agency websites, and motor vehicle emissions budgets can usually be found on MPO websites as part of the transportation conformity documentation. 

Step 3: Identify Technology Options : Next, you need to know what technology options are available, including which technologies have been verified by the U.S. EPA, California Air Resources Board (CARB), or through other verification protocols.  It is not always a requirement to use EPA or CARB verified technologies, and requirements may depend on the source of funding you will be using for your retrofit program. For example, retrofit projects that use CMAQ funding do not necessarily need to be EPA or CARB verified according to CMAQ eligibility guidance. 

Each of the retrofit strategies – replace, repair, refuel, retrofit and repower – has specific attributes and applications. For example, if you are only concerned about particulates, it may be appropriate to install diesel particulate filters or traps. But in order to achieve optimum reductions, these traps may need to be accompanied with the use of ultra low sulfur diesel fuel (ULSD). In this example, you would need to have a readily available source of ULSD and be able to ensure that it would be used with retrofit vehicles or equipment. If ULSD is a problem, it may be appropriate to consider diesel oxidation catalysts (DOCs), where low sulfur fuel may not be required. 
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As another example, generally speaking, a repower program that installs a newer engine in an older vehicle or piece of equipment will target pre-1984 trucks and repower them with a 1992 or 1993 engine. Conversely, a retrofit program will generally focus on 1994-2002 fleets with exhaust after-treatment technologies. For each candidate type of vehicle or equipment, an assessment must be made that considers issues associated with implementation, maintenance, fuel availability and cost. Each technology has benefits and challenges that need to be understood. 

Step 4: Assess Cost-Effectiveness :  In making decisions about a retrofit program, the cost effectiveness (per ton of emissions reduced) should be analyzed. The benefit of analyzing cost-effectiveness for retrofit programs is that they are more cost-effective than many other approaches and thus can compete well for funding when cost-effectiveness is the primary criteria. Further, with funding for programs always scarce, getting the most 'bang for the buck" is desirable. Finally, if a strategy reduces emissions from more than one pollutant (i.e., NOx and PM), it is important to take this into account when conducting the cost-effectiveness calculations. 

The California Air Resources Board (CARB) Carl Moyer Memorial Fund has established a methodology for calculating cost-effectiveness. The Carl Moyer cost-effectiveness guidelines have been adopted, in some cases modified, and used to calculate cost-effectiveness in some of our examples of success stories. 

Step 5: Consider Implementation Issues  :  There are numerous implementation issues associated with diesel retrofit programs. Each program will have specific issues and challenges that must be addressed. 
(  Success Stories of Diesel Retrofit.
Throughout the past several years, many of the nation's air quality non attainment and maintenance areas have turned to diesel emission reduction programs to achieve cost-effective emissions reductions- with great success. Programs have included retrofits to on-road vehicles and equipment like grocery trucks, transit and school buses; in addition to off-road engines found in farm and construction equipment, and marine vessels.
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