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Executive Summary

    rom the invention of Rudolf Diesel’s
internal combustion engine in the late 19th

century, diesel engines have been powering
the way the world moves its commerce.  Yet
over the past half century, we as a society
have grown more conscious of the human
and environmental health impacts of our
everyday existence, and how things that are
seen as important to our lives can at the
same time be harmful.  This report, Cleveland
Diesel Hot Spots–Dirty, Detrimental and
Deadly, was undertaken by the Ohio

Environmental Council (OEC) to address the
serious health threats and air quality non-
attainment issues that relate to emissions
from diesel engines.  The OEC compiled and
analyzed traffic counts, diesel emissions, and
census data to identify areas in Cleveland
with elevated diesel emissions, referred to as
“hot spots.”

The goal of this report is two-fold.  First, we
want to make people aware of this serious
and deadly threat that is affecting the health
of our families, agricultural crops, forests,
waters, wildlife, and climate.  Secondly, we
hope that, with recognition of these dangers
and the requirement of meeting federal air
quality standards, regulations and programs
will be adopted both locally and at the state
level by school districts, transit fleets,
government supported operations, private
industry, and legislators to utilize available
technology and establish regulations to clean
up Ohio’s air. Last, there may indeed be a
silver-lining in this report.  That is, the auto-
centric manufacturing economy that fueled
Northeast Ohio’s growth in the twentieth
century can in fact see growth again with
emissions reduction technology as the
catalyst.

Emissions from dirty diesels affect both public
health and the environment.  Diesel exhaust
emissions have been linked to eye irritation,
asthma attacks, respiratory and neurological
ailments, lung cancer, and premature death.
The Clean Air Task Force, from an analysis by
ABT Associates using U.S. EPA based
methodology, predicts that 2010 will see
3000 lung cancers, 27,000 non-fatal heart
attacks; 410,000 asthma attacks;
14,000,000 “restricted activity days”; 15,000
hospital admissions; and 15,000 asthma-
related visits to the emergency room, allallallallall
resulting from diesel particulate matter.1

Diesel emissions contribute significantly to
the failure of National Ambient Air Quality
Standards (NAAQS) for ozone and fine
particulate matter by Cleveland, and all major
Ohio cities.  Finally, our crops, forests,
waterways, wildlife, and cityscapes (skyline
views) are also being adversely impacted by
toxic diesel emissions.Rudolph Diesel’s first prototype engine, 1893
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      he solutions are as easy as learning the Six
      “R’s” of Diesel Cleanup:

Yet, it is up to communities and local and
state governments to take the necessary
steps to require cleaner practices leading to
healthier air, healthier people and a healthier
environment. As products of society,
corporations also bear their share of
responsibility from their actions.  However,
these corporations may well find growth
markets, not only in Cleveland, but also in the
cities, states, and countries coping with the
double edged sword of a transportation
intensive society. An economy based on
innovation certainly represents the future of

Six “R’s” of Diesel Cleanup

1. Refuel

Switching to cleaner fuels such as alternative diesel fuels or ultra-low-sulfur diesel fuel
can achieve modest reductions in pollutants. These fuels can also facilitate the use of
advanced retrofit technologies, resulting in even less pollution.

2. Repower

The body or chassis of some equipment can last through many decades of use, beyond
the life of the original engine. Installing a new low-emission engine in an older chassis
can allow the machine to run for many more years.

3. Replace

If equipment is old and near the end of its life, replacing it with a new lower-emission
model ahead of schedule can result in substantial emission reductions.

4. Rebuild or repair

Emissions gradually increase over the life of an engine. Performing routine maintenance
and periodic engine rebuilds can keep emission rates at or near original levels.

5. Reduce idling

Idling equipment is not only polluting, but also a waste of fuel. Limiting idle time can
save money by reducing fuel usage and wear and tear on the engine.

6. Retrofit

On equipment that still has some useful life left, engines can be retrofitted with an
emission control device. Retrofit technologies are available for a variety of applications.”2

the free market and there is no greater cause
for innovation than necessity.

Cleveland – Failing Air Quality
Standards

The ambient air quality in Cleveland is
considered unhealthy according to the U.S.
Environmental Protection Agency (EPA).  The
U.S. EPA updated the national air quality
standards for ozone and particulate matter in
1997 after research showed health effects
air quality attainment, but for the good of the
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people of Northeastern Ohio.

One-quarter of all ozone and particulate
matter (PM) forming nitrogen oxide emissions
in the United States come from diesel
emissions.  Specifically in Ohio, diesel
tailpipes contribute 10% of the particulate
pollution from on-road mobile sources and

   • 29% of the nitrogen oxide from mobile
        sources.  (See Appendix C).3

   • 47 % of mobile source diesel particulate
       matter (PM) comes from non-road diesels
   • 25 % of mobile source nitrogen oxides
       (NOx) comes from non-road diesels4

Hot spots

Hot spots are areas that experience levels of
diesel exhaust emissions that pose health

risks beyond those from normal background
levels.  In this report, we define hot spots as
areas that are within one-quarter mile of a
roadway with PM emission levels of at least
675 grams per mile per day (g/mi/day).
According to several recent studies,
populations living in an area such as this are
considered to have a significantly elevated
exposure to air toxics and be at an elevated
risk for childhood cancer and leukemia,
development of asthma, asthma
hospitalizations, and premature death (see
appendix A).

According to the US EPA, recent air quality
data show that about 157 million people live
in areas that violate air quality standards for
ground-level ozone, also called smog and
about 88 million people live in areas that
violate air quality standards from PM.5

Municipal Hot Spot P opulations - T op 12 Rank ed
by Total P opulation
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Where Do W e Go From Here?

In 2001, U.S. EPA established rules for on-
road diesels which will reduce emissions from
newly manufactured diesel engines beginning
now in 2007.  In May of 2004, U.S. EPA
finalized rules for non-road diesel engines,
extending pollution control and ultra low sulfur
fuel requirements to construction and
agricultural equipment, trains, and marine
vessels.  The on- and non-road diesel rules will
apply only to newly manufactured engines,
starting in 2007 and 2008, respectively.
While marine and locomotive diesel emission
reductions are of equal importance to the on-
road sector, EPA delayed its proposal for new
regulations for several years.  However, on
March 2, 2007, U.S. EPA released its
proposed marine and locomotive diesel
emission rule – calling for around 90%
reduction in PM and Ozone. The new rule is a
great step forward to eventually reducing
emissions from these laggard sources, but it is

disappointing that the standards take effect
so far out into the future –complete
emissions standards do not take effect for
about a decade.6

Because diesel engines have inherently long
lifetimes and are commonly rebuilt rather
than retired, pre-2007 engines will continue
to pollute the air until the end of their life,
often decades down the road.  Consequently,
according to

Municipal Hot Spot Populations

Top 12 Rank ed by P ercent of T otal P opulation

Executive Summary
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Local Efforts

­  School and local transportation fleets should retrofit with pollution control and idling reduction
     technologies and switch to cleaner fuels (biodiesel or alternative fuels) by utilizing federal retrofit
      assistance and grant  programs.

­  All fleets owned or contracted by local governments (garbage trucks, city services, government
     construction, transit busses, etc.) should be required to use cleaner fuels, to retrofit by installing
     pollution control technology, and to purchase new, cleaner diesel engines or alternative fuel
     engines when replacing fleets.

­  Local governments should encourage the adjustment of contracts to require the use of cleaner
     diesel fuel and pollution control devices now, without waiting for federal mandates to require
     such actions.

­  Anti-idling policies and/or ordinances with enforcement provisions should be established to limit
     emissions from vehicles waiting to load and unload people or cargo.

­  Local governments should pass anti-idling ordinances that provide for enforcement by local law
     enforcement officials.

State Efforts

­ Ohio should develop a statewide program, such as the TERP program in Texas and the Carl Moyer
program in California, to provide information and funding to encourage private diesel fleets to
clean up.

­ Ohio should establish a more comprehensive air quality monitoring program to address issues of
passenger exposure to emissions and the effects on indoor air quality.

­ Ohio should establish a mandatory statewide regulation against idling of diesel vehicles that
includes explicit requirements for enforcement by state and local officials.

­ Ohio should develop a retrofit assistance program via a dedicated funding source (i.e., title
transfer fees, vehicle registration fees, settlement money) to provide financial assistance to
school boards and local governments for cleaning up their fleets and purchasing alternative-fuel
vehicles.

Recommendations
In order to reduce or eliminate diesel hot
spots and meet federal air quality standards
in the Cleveland area, it is imperative that
existing diesel engines reduce their pollution.
Initiative and incentives are needed both at
the local and state level to make existing
diesel engine cleanup a reality.  (Appendix E

summarizes some existing programs across
the nation.)

The OEC recommends the following local,
state, and federal efforts to reduce Ohio’s
pollution burden from dirty diesels:
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State Efforts

­ Ohio should require existing vehicles to retrofit with pollution controls and convert to using
ultralow sulfur diesel fuel.  This requirement should be part of Ohio’s state implementation plan
(SIP) to meet federally established air quality standards.

­ The Ohio General Assembly should fund the shell DERA programs created by HB 245.

­ Ohio should develop programs to improve emissions from construction equipment used on
public works projects.

National Efforts

­ The Diesel Emission Reduction Act should be fully funded at $200 million per year.

­ Congressional lawmakers should develop a comprehensive national diesel retrofit program to
further encourage and promote diesel cleanup initiatives.

­ The US EPA must finalize and fully implement its newly proposed marine and locomotive rule to
reduce the health impacts from these non-road diesel emitters.

Recommendations
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Hot spots

       ot spots” are areas that chronically
experience levels of diesel exhaust emissions
that likely result in increased risks for health
impacts including cancer, asthma
hospitalizations, and premature death.  This is
a pilot analysis designed to identify Cleveland
area diesel hot spots based on distance from
the roadway and estimated diesel emissions
based on truck and bus traffic levels.  There
are other significant sources of diesel
emissions that almost certainly qualify as hot
spots, but are not included in the analysis due
to lack of data.  These include non-road
sources such as locomotives and airport
service equipment and temporary sources of
large diesel emissions, such as large highway
construction projects.  Finally, the analysis
does not include “micro hot spots,” areas that
may experience elevated diesel emissions in
a small but intense area–such as on board
school and transit buses, shipping docks,
truck stops, and large bus terminals.

For the purposes of this report, we define hot
spots as areas that are within one-quarter
mile of a roadway with PM emission levels of
at least 675 g/mi/day (equivalent to the PM
emissions from an average major urban
arterial roadway).  According to recent studies,
populations living in these areas are
considered to have significantly elevated
exposure to air toxics and to be at greater risk
for childhood cancer and leukemia, asthma
development, and asthma hospitalizations.
The following health studies were used to
define a hot spot:

• A study in Denver identified that children
living within 250 yards of urban roadways
with heavy truck traffic were six times
more likely to develop cancer and eight
times more likely to develop leukemia.7

   • A study in Erie County, New York identified
       that children living within 200 meters of
       roadways with heavy truck traffic had a
       significant increase in risk of asthma
       hospitalization.8

   • A British study determined that living near
       major roads was associated with the risk
       of hospital admission for asthma in
       children.9

   • A study in London identified that children
       living within 90 meters of a major

roadway had a significant increase in risk for
the development of asthma.10

For a more detailed list of health studies and
explanation of how they were used to define a
hot spot, please see Appendix A.

For more complete information on affected
populaitons see Appendix B.

Diesel exhaust: pervasive and
invasive.

Diesel exhaust is a far-reaching problem.  It is
not simply a pollutant affecting outdoor
environments.  An astounding two-thirds of
diesel particulate matter penetrates indoor
environments.11 This pollution problem is
aggravated by the collection of diesel exhaust
in urban canyons and streets, where it can
penetrate adjacent buildings.  A prime
example is the idling of school buses outside
of schools.  Exhaust is able to accumulate
and penetrate the school via the ventilation
system, impacting children in their
classrooms.  Indoor air quality is largely
unregulated with the exception of
occupational chemicals, pesticides, and some
tobacco smoke regulations.

Measurements show that exhaust from idling
trucks and buses not only affects those
outside the vehicle, but also affects those
inside the vehicle cabin when exhaust seeps
into the vehicle through windows and doors,
unsealed engine compartments, backdoors
on school buses, leaking exhaust systems,
and unfiltered air and heating vents.12

Emission concentrations can be hazardous
for an individual riding a bus or driving a truck.
A study examining children’s exposure to
diesel exhaust on school buses in California
determined increased exposures from
commuting by school bus (assuming
commutes by bus for 13 years) were
estimated to increase a child’s lifetime cancer
risk due to diesel particulate matter by
approximately 4% or an increase of 30 per
million lifetime risk. An increased risk of lower
respiratory symptoms (~6%) and daily
hospitalizations for asthma (~1%) were also
estimated. 13

HHHHH
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Contrary to what some believe, closing
windows actually results in a higherhigherhigherhigherhigher level of
diesel exhaust trapped inside the bus while
opening windows facilitates rapid ventilation.
A study of self-pollution of diesel school buses
conducted by the Clean Air Task Force in four
cities in the South and Midwest, show that in
addition to tailpipe emissions, engine
crankcase emissions are a major source of in-
cabin air pollution.14  This is a result of an
open draft tube in the engine that enables
emissions to penetrate the cabin.  The study’s
conclusion was that a closed crankcase
devise is critical in reducing in-cabin PM

2.5
,

and that the elimination of PM
2.5

 self-pollution
inside conventional school buses is only
possible with a closed crankcase filtration
retrofit device.  In fact, combined with other
retrofitting devices such as a diesel
particulate filter and ultra low sulfur diesel
fuel, all particulate matter parameters reduce
to near ambient levels.15

“Children’s exposure“Children’s exposure“Children’s exposure“Children’s exposure“Children’s exposure
to diesel exhaustto diesel exhaustto diesel exhaustto diesel exhaustto diesel exhaust
particulate pollutionparticulate pollutionparticulate pollutionparticulate pollutionparticulate pollution
in school buses is asin school buses is asin school buses is asin school buses is asin school buses is as
much as 5-15 timesmuch as 5-15 timesmuch as 5-15 timesmuch as 5-15 timesmuch as 5-15 times
higher thanhigher thanhigher thanhigher thanhigher than
background levels.”background levels.”background levels.”background levels.”background levels.”
Source:  Environment and Human

              Health, Inc. (EHHI), Children’s
            Exposure to Diesel Exhaust on School
             Buses

Furthermore, studies have shown that the
most harmful diesel emissions are those
released at ground level.  A California study
measuring concentrations of black carbon
inside vehicles during transit found the
following: 5 micrograms per cubic meter (ug/
cu m) for vehicles following no other vehicles,
15 ug/cu m for vehicles following a diesel
truck with a high exhaust stack, 50 ug/cu m
for vehicles following a diesel truck with a
ground-level tailpipe, and 130 ug/cu m for
vehicles traveling behind an urban transit bus
making numerous stops.16  A review by the
International Center for Technology
Assessment of 20 reports on internal
vehicular air contamination determined that
pollution levels inside vehicles were regularly
significantly higher than levels along
roadsides.  The message is that commuters

are exposed to some of the highest levels of
diesel emissions simply by traveling the same
roads as diesel vehicles.  Exposure studies,
including the recent Clean Air Task Force
Commuter Study, suggest that commuters on
busy roadways, on diesel transit buses, and
on commuter trains receive above-average
exposures to fine particles. Studies by
California Air Resources Board (CARB)
researchers estimate that during the relatively
small part of the day when we are in our
vehicles, we experience over half of our
exposures to ultrafine particles and black
carbon.17  Results in one study in Columbus,
Ohio shows that although the average person
daily commute only represents 4percent of
the day, but 55 percent of daily exposure to
harmful particles occurs to that person during
the commute.18

Dangerous diesel emissions do not just come
from trucks and busses, but from non-road
sources such as locomotives.  A study
reported in May of 2007 by the California Air
Resources Board concluded that people
whose homes are near rail yards face cancer
risks that are similar to those who live near
busy free ways –i.e. Diesel Hot Spots.
Switcher Locomotives move rail cars around a
rail yard and can spend more than 4,000
hours idling per year.19  Depending on the
ambient temperature, switchers can use
three-to-eleven gallons of fuel per hour of
idling.20  Locomotives do not use antifreeze
because the chemical can damage bearings
and reduce horsepower output.
Consequently, at colder temeratures (about
40degrees Fahrenheit and below), switchers
must idle at higher speed to keep engines
warm.  Over the course of a year with four cold
months and eight warmer months, a single
switcher could use over 24,000 gallons of
diesel doing nothing but idling.21 – producing
200 pounds of PM2.5 and three tons of NOx
annually.  Nationally, these idling switchers
contribute 500tons of PM2.5 and 13,000
tons of NOx per year.  These idling
locomotives also emit carbon dioxide, volatile
organic compounds, and carbon monoxide.
Nevertheless there are solutions to the diesel
locomotive emissions through newer and
cleaner technology (discussed below in the
“Solutions” section).

Analysis
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Environmental justice concerns
and diesel hot spots

The US EPA defines Environmental Justice as
“the fair treatment and meaningful
involvement of all people regardless of race,
color, national origin, or income with respect
to the development, implementation, and
enforcement of environmental laws,
regulations, and policies.” 22  The EPA further
states that Environmental Justice “will be
achieved when everyone enjoys the same
degree of protection from environmental and
health hazards and equal access to the
decision-making process to have a healthy
environment in which to live, learn, and
work.”23

The premise off which Environmental Justice
is based is that often times, low-income and
minority areas get chosen to house
undesirable environmental hazards and
potential pollutants.  Wealthier and non-
minority areas are not chosen for such siting
because they have the resources and the
political pull to fight these decisions.
Oftentimes, low income residents do not
know that they can fight the siting of
environmental hazards in their
neighborhoods.24

The EPA also identifies potential
Environmental Justice concerns surrounding
school bus diesel emissions, stating “well-
funded schools can afford to purchase newer
and cleaner buses while less affluent schools
generally operate with older models. These
older buses generally have few or no
emissions controls. Therefore, children in less
affluent school districts may be exposed to
greater quantities of harmful emissions than
children in well-funded districts. . . . EPA plans
to work with manufacturers, school districts,
communities, states and regions to address
the need for cleaner school buses in low-
income and minority neighborhoods.”

California has stated that diesel emissions
are a concern in the fight for environmental
justice because “low-income residents, and
quite often people of color, live in
communities located near freeways, shipping
yards, and other areas with heavy diesel truck
traffic.” 25  Often, property values are lower
near highways, etc., areas where diesel

emissions will be high, because of the close
proximity to such areas.  This attracts low-
income residents, subjecting them to unequal
levels of air pollution.  This raises
environmental justice concerns.

California has also recognized that “diesel
emissions are released through the process
of fuel production, refining, distribution and
dispensing. Diesel refining, distribution and
storage facilities are predominantly located in
communities already burdened by major air
pollution and toxic risks. Continued expansion
of refining increases toxic air pollution and
raises the risk of lung cancer and other lung
diseases in low-income areas. Increasing
diesel consumption has a devastating effect
on these communities.”  It seems as though
the whole process involving diesel fuels is
detrimental to low income and minority
residents in the surrounding areas where
diesel most affects the air quality.  This is a
serious violation of Environmental Justice.

Closer to home, in 2003, the EPA provided a
$95,500 grant to Hamilton County to clean
up its school bus emissions.  “Grant funds will
subsidize DOCs to retrofit 20 school buses in
the urban Cincinnati Area, including two
environmental justice areas, and a 10-month
supply of biodiesel (B-20) to fuel 74 school
buses.”27   It is a positive indicator that the
EPA recognizes the importance of funding
Environmental Justice projects.

Cleveland’s most vulnerable
neighborhoods

Nearly a third of the city’s residents - 32.4
percent - were living below the federal poverty
level. Almost half the city’s children were living
in poverty. And no other big city in America had
a lower median household income than
Cleveland’s.28  Areas of significant
Environmental Justice concern in Cleveland
include Slavic Village, Tremont, Lee-Seville-
Miles, St. Clair-Superior and other Cleveland
neighborhoods: Approximately 70,000
residents live in the neighborhoods.  As seen
from the results of this Cleveland Diesel Hot
Spot report, a number of the identified diesel
hot spots are located in lower income
sections of the city – sparking serious
Environmental Justice concerns.
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Introduction

      iesel engines are efficient and long-lived
pieces of machinery.  Their low maintenance
and efficient generation of power and
electricity has led to their desirable use in
heavy duty buses, trucks, trains, marine
vessels, and non-road equipment such as
construction, agricultural, and airport
equipment.  Diesel engines utilize two-thirds
the fuel and emit less carbon dioxide (CO2)
compared to similar ignition-based gasoline
engines.  Yet, these workhorses of industry
have a downside.  Exposure to diesel
emissions has been linked to serious health
effects including a compromised immune
system, aggravated asthma and allergy
symptoms, heart and lung disease, and
cancer.  Diesel emissions are the number one
air toxics cancer risk in the United States.29,30

In fact, diesel exhaust presents a lung cancer
risk that is 7.5 times higher than the cancer
risk of all other air toxics combined.31  The
federal government regulates the standards
for newly manufactured diesel engines, but it
is the responsibility of the individual states to
clean up existing diesel systems.

The diesel engines creating the most concern
are heavy duty diesel engines (HDDE) with
gross vehicle weight ratings over 8,500
pounds.  These are the primary source of
diesel emissions, contributing 95% of on-road
diesel emissions and 85 to 90% of all diesel
particulate matter.32   On-road diesels include
transport trucks and refuse trucks as well as
municipal and commercial buses.  Non-road
diesels include construction equipment
(bulldozers and excavators), agricultural
equipment (tractors), recreational vehicles,
airport service equipment, locomotives, and
marine vessels (river boats, barges and
oceangoing vessels).

Diesel Exhaust – What ’s in it?

Hazardous Air Pollutants
The health impacts of diesel emissions are of
grave concern.  Emissions from diesels have
been cited as the leading air toxics cancer risk
in the United States.  Emissions contain
harmful constituents in both gaseous and
solid form such as particulate matter (PM),
nitrogen oxides (NOx), volatile organic

compounds (VOCs), hydrocarbons (HC), and
sulfur oxides (SOx).  Diesel exhaust includes
40 hazardous air pollutants defined under the
Clean Air Act, with 15 being known or
probable carcinogens such as benzene,
formaldehyde, acetaldehyde, dioxins, and
polycyclic aromatic hydrocarbons (PAHs).33

PAHs are some of the most potent known
carcinogens.34 All of these elements make
diesel exhaust a serious health concern for
our communities.  Air pollution from diesel
exhaust contributes to health problems such
as increased asthma attacks, aggravation of
chronic bronchitis, painful breathing,
decreased lung function, heart and lung
disease, cancer, and premature death.

Particulate Matter
A component of diesel emissions generating
substantial alarm is particulate matter,
commonly known as soot.  Diesel exhaust
contributes the largest source of particulate
matter from motor vehicles.  Coarse PM
(PM10) are particulates less than 10 microns
(millionths of a meter) but larger than 2.5
microns in size.  Coarse PM sources include
windblown dust, materials handling, and
crushing operations.  This type of matter can
settle in the windpipe and is what you would
blow into a tissue, but is considered less
harmful to people than fine PM.  Fine PM, or
PM2.5, is particulate matter smaller than 2.5
microns.

Diesel P ollution: Components and
Consequences

The width of a human hair is 30 times
larger than the smallest fine particle.



15

Diesel Hot Spots

These particles are so small that several
thousand could fit on the tip of a pin.  Fine PM
sources include fuel combustion, motor
vehicles, industrial facilities, and forest fires.
It can penetrate deeply into the lungs,
collecting in tiny air sacs where oxygen enters
the bloodstream affecting both the heart and
lungs.

Source: Clean Air T ask Force (2005)

The origin of particulate pollution in the
atmosphere is still under analysis.  Primary
particulate pollution is an estimate of the
emissions coming directly from a tailpipe or
smokestack.    Further analysis is needed to
determine the origin of secondary particulate
formation, the PM generated in the
atmosphere from various chemical reactions
of pollutants, but it can no longer be denied
that diesel emissions are a major source of
this devastating form of pollution.
Approximately 45,000 American lives are lost
prematurely each year from exposure to
particulate matter pollution from two sources
of particles—21,000 from diesel engines and
24,000 from power plants.35 In Ohio, mobile
diesel-powered sources contribute at least 10
percent of the PM 2.5 emissions in the
state.36

Ground-Level Ozone
Particulate matter does not act alone in
adversely affecting the environment and
health; nitrogen oxides are another serious
problem.  A colorless and odorless gas, NOx
contributes to smog (ground-level ozone)
formation by reacting with hydrocarbons and
sunlight.  In 1999, the Midwest produced the

second highest NOx emissions in the country–
4.98 million tons–with highway vehicles,
electrical utilities and off-highway vehicles
being the top three contributors.37  When
most of the required controls were placed on
power plants by U.S. EPA regulations, between
2002 and 2004, reductions in nitrogen oxide
emissions led to significant reductions in
ozone levels.  Nevertheless, according to
American Lung Association studies, the Great
Lakes states comprise one of the most
seriously polluted regions in the nation for
ozone.38  Nitrogen oxides combine with other
atmospheric constituents to form fine
particulate matter.  In Ohio, over 280,000
tons of NOx are emitted annually by mobile,
diesel powered engines.39

Health Impacts

Respiratory ailments, Heart problems,
and Cancer just to name a few
The health impacts of diesel emissions have
been heavily studied in recent decades.  It is
estimated that 70% of the total air toxics
cancer risk is attributable to diesel
exhaust.40,41  In May 2002, the U.S. EPA’s
Health Assessment Document for Diesel
Exhaust stated that the hazards of diesel
included “acute exposure-related symptoms,
chronic-exposure related noncancer
respiratory effects, and chronic carcinogenic
effects” saying diesel is “likely” a human
carcinogen.42 Dozens of epidemiological
studies have linked diesel exhaust to lung
cancer as well as bladder cancer. The U.S.
EPA’s Health Assessment Document for Diesel
Exhaust also stated “other supporting
evidence includes the demonstrated
mutagenic and chromosomal effect of diesel
exhaust and its organic constituents, and the
suggestive evidence for bioavailability of the
diesel particulate matter organics in humans
and animals,” further suggesting emissions
are carcinogenic.43

In 1999, Cleveland rankedIn 1999, Cleveland rankedIn 1999, Cleveland rankedIn 1999, Cleveland rankedIn 1999, Cleveland ranked
1818181818 ththththth in the nation for in the nation for in the nation for in the nation for in the nation for
health impacts from Dieselhealth impacts from Dieselhealth impacts from Dieselhealth impacts from Dieselhealth impacts from Diesel
Fine Particles: 180 deaths;Fine Particles: 180 deaths;Fine Particles: 180 deaths;Fine Particles: 180 deaths;Fine Particles: 180 deaths;
15 cancer deaths; 23215 cancer deaths; 23215 cancer deaths; 23215 cancer deaths; 23215 cancer deaths; 232
Heart Attacks.Heart Attacks.Heart Attacks.Heart Attacks.Heart Attacks.
Source: Clean Air Task Force:
Diesel and Health in America:
The Lingering Threat” (2005)
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Diesel P ollution: Components and
Consequences

The American Lung Association, in its 2006
State of the Air report, quotes a 2005 review
of the research on how particles cause harm,
citing that researchers found that the body
responds to particles in similar ways to its
response to cigarette smoke.44  Pollutants
inflame the lungs, damaging tissue and
causing the formation of scar tissue which
makes the lungs rigid and less efficient.
Additionally, inflammation causes stress on
the heart by reducing the amount of oxygen
carried by the blood.  Exposure to air pollution
can thicken the blood, increasing the tendency
for clotting, which damages arteries, and
leading to a buildup of fatty deposits along
vessel walls.  Railroad workers with long-term
exposure to emissions were shown to have
serious and permanent impairment of the
central nervous system.45 Animal studies
suggest it is likely that diesel emissions impact
the immune system.46,47 Diesel exhaust
adversely affects fetuses and newborn
children, resulting in birth defects, growth
retardation and Sudden Infant Death
Syndrome.48, 49, 50, 51, 52

The Most Sensitive Populations:
Children and the Elderly
Almost half of the nation’s population is
breathing unhealthy air.  With over 70,000
premature deaths per year attributed to air
pollution, air quality should certainly be a
national concern.53  Sensitive populations
include the elderly, those with pre-existing
heart and/or lung disease, children,
asthmatics, and occupationally exposed
workers.  Tens of thousands of elderly die
prematurely every year from exposure to
ambient levels of fine particulate matter.54

People with heart and lung disease suffer
aggravation of symptoms from exposure to air
pollutants.

Children are extremely susceptible to
potential health threats from exposure to
diesel emissions because their respiratory
systems are still developing.  They breathe
50% more air per pound of body weight than
an adult.55  Exposure to fine PM has been
associated with increased frequency of
childhood illness resulting in acute and
chronic complications.  Coughing, difficulty
breathing, and other respiratory ailments may

require limiting of activity and absences from
school.  Asthmatics are another group
vulnerable to pollutants in our air.  Nearly half
of all asthma cases occur in children.  The
latest statistics from the American Lung
Association attribute 4,099 deaths resulting
from asthma – that is 11 Americans dying
every day.56  Breathing in particulate matter,
along with other pollutants, leads to an
increase in the need for medical treatment.
An average of $500 a year is spent on
asthma-related health care per child
afflicted.57

According to the results of a five-year study by
researchers at New York University’s School of
Medicine and Robert F. Wagner Graduate
School of Public Service, the exhaust of diesel
trucks constitute a major contributor to the
alarmingly high rates of asthma symptoms
among school-aged children in the South
Bronx.58  The South Bronx has among the
highest incidences of asthma hospital
admissions in New York City, and a recent city
survey of asthma in the South Bronx’s Hunts
Point district found an asthma prevalence
rate in elementary school of 21 percent to 23
percent. The South Bronx is surrounded by
several major highways, including Interstates
95, 87, 278 and 895. At Hunts Point Market
alone, some 12,000 trucks roll in and out
daily. This large amount of diesel traffic
appears to be a contributor to exceedingly
high rates of asthma symptoms in the area.

Ohio Receives a Failing Grade, but
there is Hope
Numerous studies show Ohio needs to work
on cleaning up air pollution.  The American
Lung Association’s State of the Air: 2007, an
annual report assessing the toll of ozone and
particulate pollution, on the nation’s ability to
breathe, gave a failing grade to 1616161616 ozone-
monitoring counties and failing grades to nine
particulate-monitoring counties in the state
(including Cuyahoga County).  While the
number of counties failing in previous reports
was greater, many of the counties that
maintained a failing grade, actually scored
with worse air quality.59  Ohio has also ranked
eighth in health impacts from Diesel Fine
Particle pollution with an attributed 769
deaths and 1,002 heart attacks60
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These numbers are cause for concern and
much needed change in Ohio’s air quality
policy.

If necessity is indeed the mother of invention,
there is no greater obligation than the health
of our own.  Industry in Northeast Ohio has an
opportunity to leverage the diesel exhaust
problem as a catalyst for advanced
manufacturing technologies such as fuel cells,
MEMS (microelectromechanical systems) and
related innovations, which can be employed
as retrofit, repower, or idle reduction solutions
for diesel engines. Cleveland’s industry base
has already shown its leadership in
developing clean diesel technology with Eaton
Corporation’s first-ever series hydraulic hybrid
diesel urban delivery vehicle, which will
provide dramatic improvements in fuel
economy and in emission reductions. The
development of the hydraulic hybrid is the
result of a partnership between the EPA, U.S.
Army, UPS, International Truck and Engine
Corporation and Eaton Corporation.

Five Not - so-Fun Facts about Cleveland

­ According to T oxic Release Inventory data, Cuyahoga County ranks among
the dirtiest counties for air releases of recognized carcinogens and
developmental and reproductive toxins.

­ Asthma is one of the most common admitting diagnoses for kids at local
children’s hospitals.

­ Despite improvements, lead rates in Cleveland remains extremely high in
one study one in nine children tested were lead poisoned.

­ The city of Cleveland and our region do not meet the new health-based 8-
hour outdoor air quality standard for ground-level ozone or particulate
pollution.

­ Cleveland has been named the poorest city in the US twice .

 Cleveland Air Quality—
Failing the Standard

Every major metropolitan area in Ohio–
including Cleveland–has failed to meet the
federal standards for both ozone and fine
particulate matter.  The Clean Air Act,
established in 1970, created provisions for

“ Ohio would avoid  341
premature deaths and 7,229
asthma attacks a year , with a
monetary benefit of $2.7
billion annually , if EPA
regulated non-road mobile
sources.”

air quality standards and monitoring.  The act
requires the federal government to establish
National Ambient Air Quality Standards
(NAAQS) and requires states to develop state
implementation plans (SIPs) to meet these
standards.  Failure to meet the NAAQS
requirements results in an area being
designated a nonattainment area.  Areas
designated nonattainment may lose federal
highway dollars, suffer fines, and be subject to
a federally mandated implementation plan
rather than a state-established plan.

In 2004, U.S. EPA designated all or part of 474
counties in nonattainment for the 8-hour
ozone standard, accounting for 158 million
people living in an area failing the standard.
In December of that year, EPA followed up by
designating all or part of 224 counties as
nonattainment for the national particle
pollution (PM

2.5
) standards, with nearly 99

million people living with air quality levels that
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Other Impacts: Ecosystem and agriculture

Air pollution is not only a threat to the humans breathing the air , but
also to the environment and the life it supports.  Diesel smok e is
composed of organic compounds and heavy metals that persist in the
environment and food chain.  The chemistry of soils and waters are
being changed by pollution to the extent they cannot adequately sustain
aquatic and terrestrial life.  Nitrogen deposition from diesel NOx
emissions contributes to eutrophication of waterways, resulting in harmful
algae blooms and increased fish mortality .  Soot soils buildings and
affects cloud cover , contributing to atmospheric warming .  Diesel
emissions contribute to other environmental damage such as acid rain,
crop and forest damage, and erosion on buildings and car paint.
Emissions have also been link ed to haze in our cities and global
warming (see below).

exceed the standards.  Diesel vehicles
contribute 72% of PM

2.5 and 42% of NOx
emissions from all on-road mobile sources
and 67% of PM

2.5
 and 49 percent of NOx

emissions for all non-road sources (see
Appendix C).  Consequently, it is vital that both
on-road and non-road mobile sources be
targeted to facilitate improvement in air
quality and attainment of the standards.

State implementation plans (SIPs) must be
finalized by 2007 for ozone and 2008 for
particulate matter, with plans to meet
standards by 2010 (2015 at the latest).  U.S.
EPA studies have shown that some areas will
need to significantly reduce the pollution from
motor vehicles in addition to meeting all other
aspects of Clean Air Act requirements in order
to reach attainment levels.  Ohio can begin
efforts today to meet attainment by regulating
diesel emissions.  While it is the responsibility
of the experts at the Ohio EPA to develop the
plan (and finalized by an approval by the Ohio
General Assembly), the local community and
metropolitan planning organizations have a
key role in making recommendations for SIP
development.  The Mid-Ohio Regional
Planning Commission (MORPC) was the first
of Ohio’s metropolitan planning organizations
to take on the responsibility of providing
recommendations in the SIP development.

MORPC’s Air Quality Committee began in
2004, and developed a comprehensive
report on diesel’s contribution to Central
Ohio’s non-attainment issues, and provided
recommendations focusing on idling
reduction, truck stop electrification, and
voluntary emission reduction programs.

Beginning in 2005 and continuing into 2007,
the Northeast Ohio Areawide Coordinating
Agency (NOACA) convened the NOACA Ozone
Air Quality Public Advisory Task Force to assist
NOACA in addressing SIP requirements for
Ozone and Small Particles. The charge to the
Task Force is as follows: Develop an
understanding of Northeast Ohio’s air quality
issues; Serve as a forum for public discussion
of Northeast Ohio’s air quality challenge;
Review and evaluate alternative controls
addressing Northeast Ohio’s sources of ozone
precursors and particulate matter pollution;
Make recommendations for attaining federal
clean air standards for ozone and particulate
matter to the NOACA Governing Board.61  This
group brings diverse stakeholders from the
business, environmental, medical, and
academic community together with public
sector officials to develop sound
recommendations to how Cleveland and
Northeast Ohio can reach attainment.

Diesel P ollution: Components and
Consequences
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Climate Change

Particulate matter and nitrogen oxide emissions from diesel engines are
major global warming agents.  Reduction in these emissions will not just
benefit public health and the environment, but will also create real
reductions in significant greenhouse pollutants–in spite of the fact there is
no national policy on climate change.  Diesels are Ohio’s largest source
of black carbon emissions and second largest source of ozone-forming
nitrogen oxides.  By some estimates, black carbon has about 75% of the
warming impact of CO 2 and ground-level ozone has about 50% of the
warming impact of CO 2.63  Black carbon and ozone have short residence
times in the atmosphere (a few days to weeks, respectively) which means
reductions would immediately provide a climate benefit as compared to
carbon dioxide which has a very long residence time in the atmosphere
(a few years to 100 years).  Utilizing cleaner fuels and emission reduction
technologies can reduce diesel black carbon by 90% in Ohio over the
next 20 years. 64  Reducing these emissions can help bypass political
opposition to action on climate change by practically demonstrating that
reductions are achievable.

Recent studies by NASA, and Dr . James Hansen, a researcher at NASA ’s
Goddard Institute for Space Studies, New Y ork, suggest that black carbon
soot alters the way sunlight reflects off snow in the polar ice caps.
According to the research, black soot may be responsible for 25 percent
of observed global warming over the past century .65

Other Impacts: Haze

Our cityscapes are being defiled by these pollutants.  together ,
particulate matter and NOx contribute to haze.  Although individual
particles cannot be seen, collectively they are viewed as soot, dust clouds
and gray hazes.  Useful tools for appreciating the effects of haze are
Hazecam sites on the internet.  The Midwest Hazecam site
(www .mwhazecam.net) allows you to view current haze conditions in
select Midwestern cities (including Cincinnati and Chicago) and scenic
areas.  These sites show current cityscapes’ haze conditions with a
reference picture for a clear day .  There is usually a rating for PM and
ozone levels included with the picture.  Visibility impairment from diesel
engine pollution has resulted in areas of the United States having lost
70% of the natural condition visibility range.  Fine particles can travel
great distances, with one-third of the haze in the Grand Canyon
attributed to pollution from Southern California. 62  In 1977, Clean Air Act
Amendments began to address the issue of haze in our national parks
and wilderness areas.  Despite the realization 25 years ago that air
pollution is not restricted to our cities and areas of emissions discharge,
we are still today trying to address the issue in scenic areas.
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Solutions
Technology

       ith all of the negative human and
environmental health concerns that follow
diesel engines, we have the technology and
know-how to reduce these impacts by
focusing on the Six R’s of Emission Reduction
-  RRRRRefuel. Refuel. Refuel. Refuel. Refuel. Repoepoepoepoepowwwwwererererer. R. R. R. R. Replace. Replace. Replace. Replace. Replace. Rebuild.ebuild.ebuild.ebuild.ebuild.
ReduceIidling. -  ReduceIidling. -  ReduceIidling. -  ReduceIidling. -  ReduceIidling. -  and RetrofitRetrofitRetrofitRetrofitRetrofit. Modern
emission control technologies and cleaner
fuels could allow existing diesel engines to
rival emissions from gasoline and natural gas
engines, emitting one-quarter less CO2 while
achieving better fuel economy.66  In addition,
replacement of older diesel vehicles with less
polluting and cost-effective alternative fuel
vehicles (which utilize liquefied natural gas,
compressed natural gas, propane (liquefied
petroleum gas), biodiesel, or hybrid electric
technology) will help reduce emissions and
achieve better air quality.  Current technology
provides the ability to significantly reduce
emissions by retrofitting existing engines with
PM and NOx control devices as well as using
lower sulfur fuels.

Alternative Fuels

Cleaner burning fuels play a crucial role in
reducing diesel emissions.  The reduction of
sulfur content occurring in ultra low sulfur
diesel fuel (ULSD) can reduce particulate
emissions by 5-10%.  Any diesel engine can
utilize ULSD without modifications to the
engine.  The greatest emission reduction
benefit occurs when ULSD fuel is used in
conjunction with a particulate control.  Some
of the pollution control devices utilize
catalysts that are poisoned by large
concentrations of sulfur making the reduction
of sulfur in diesel fuel from 500 ppm to 15
ppm vital to pollution reduction.  U.S. EPA’s
Onroad Diesel rule required that ULSD
production by refineries be at 80% by mid
2006 to ensure that adequate supplies of
ULSD would be available when the 2007
model year engines equipped with diesel
particulate filters rolled off production lines.
As such, the majority of commercial fuel
stations now carry ULSD. U.S. EPA’s Nonroad
diesel rule required a transition to ULSD over
time. Starting in 2007, levels will be reduced
from 3000 ppm to 500 ppm, and by 2010
reduced to 15ppm (though locomotives and
marine fuel are not required to meet 15 ppm
till 2012).

WWWWW
Biodiesel is another cleaner fuel option.  It is a
blend of conventional diesel with a renewable
biomass (usually soybean or vegetable oils)
commonly at an 80-20 ratio, known as B20.
Biodiesel can reduce hydrocarbons, carbon
monoxide, and particulate matter by 12-20%,
with a minimal increase in nitrogen oxides of
2%.  When used in blends as low as B5 (5%
Biodiesel, 95% petrol diesel) biodiesel is
effective in replacing the lubricity lost by the
removal of sulfur in ULSD.  Fuel sulfur is
integral in the lubrication of fuel injectors,
hence its removal is detrimental to long term
engine maintenance.  Although synthetic
additives have been developed, many rely on
reintroducing the sulfur compounds.
Biodiesel and SVO (straight vegetable oil)
however have inherent characteristics that
enable engine lubrication sans the sulfur
components.  Therefore their usage enables
the triple bottom line benefit often cited in
sustainability principles. Vastly improved
health and environmental conditions through
reduced fine particle pollution emissions and
realized economic benefits due to reduced
engine maintenance via enhanced lubricity as
well as the development of local economies
through new uses for agricultural products
and waste restaurant oils.

Diesel powered trucks can also be retrofitted
or repowered with CNG (compressed natural
gas) engines.  Conversion kits are widely
available and reliable manufacturers such as
Cummins Westport produce dedicated CNG
engines. In regards to emissions, heavy-duty
and medium-duty natural gas engines have
demonstrated more than 90% reduction of
CO and particulate matter and more than
50% reduction of NOx relative to commercial
diesel engines.

PM Reduction

Particulate matter reduction technology has
been around for decades and is quite
effective.  In simple terms, a muffler on a
diesel engine is replaced with a PM control
that traps the soot preventing it from blowing
out the tailpipe.  One retrofit technology for
PM is the catalyzed diesel particulate filter
(DPF), also known as a trap.  The catalysts are
poisoned by large concentrations of sulfur, so
for the practical use of a trap, the sulfur
content in diesel fuel must be reduced to 15
parts per million (ppm), known as ultra low
sulfur diesel fuel (ULSD).  A combination of
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catalyzed DPF and ULSD can lead to a 90%
reduction of PM emissions and a significant
air toxics reduction benefit.67  A 2002
Washington, D.C. Metro bus DPF retrofit study
showed PM reduction of over 90%, CO
reduction of 95%, and complete elimination
of HC.

Another emission control product for
particulate matter reduction is a diesel
oxidation catalyst (DOC).  Less costly than
DPFs, DOCs are easy to install; unfortunately,
they are also less effective, reducing PM by
only 20% to 50%.  The Big Dig construction
project in Boston requires the use of DOCs on
equipment to meet the guidelines of its
voluntary retrofit program.  DOCs oxidize
diesel pollutants by converting them to less
harmful emissions such as water and carbon
dioxide.  When DOCs are combined with ultra
low sulfur fuels, the reductions of PM can
reach an EPA estimated 40%.

Many vehicles are self-polluting with
emissions coming from the engine
compartment as well as the tailpipe. A study
by the Clean Air Task Force with researchers
from Purdue University discovered that even
after a bus was retrofitted with a diesel
particulate filter and switched to ULSD, there
were still measurable levels of fine particulate
matter in the bus cabin. Further investigation
identified that emissions were coming from
the road draft tube. Closed crank-case filters
help significantly reduce diesel emissions by
eliminating the 25% of diesel fumes entering
the vehicle directly from a draft tube in the
engine.  The filter seals this emissions source,
routing the oil back into the engine and
eliminating the direct blow into the vehicle.68

NOx (Ozone) Emission
Technology

There are several solutions for reducing NOx
concentrations in diesel exhaust that are
commercially available today or likely to be so
in the next two to three years.  First, there is
the NOx adsorber catalyst which removes NOx
by chemically binding the pollutant to the
surface of the catalyst.  This control requires
the use of ULSD.  Testing on new cars and
trucks has shown a 70% to 90% reduction in
NOx emissions.  A second control is diesel-
water emulsion fuel, a diesel and water fuel
blend additive that reduces NOx by cooling

combustion temperatures.  It is commercially
available and has been shown to reduce NOx
by 16% to 41% and PM by 24% to 69%.

Another NOx control is selective catalytic
reduction (SCR) which reduces NOx by 75% to
90%, HC by 80%, and PM by 20%.  It injects a
chemical agent to convert oxides of nitrogen
to gaseous nitrogen and water vapor.  SCR
technology requires additional fueling
infrastructure and on-board storage for the
chemical agent, making widespread
implementation of this technology in the U.S.
questionable.  According to the US EPA, SCR
does provide higher emission reductions than
low NOx burners and Selective Non-Catalytic
Reduction (SNCR), but also has much higher
capital cost than the alternatives and
retrofitting is difficult and costly.  An additional
option is exhaust gas recirculation (EGR)
which returns exhaust gas to the engine,
reducing NOx by 29% to 56%.69 Installation of
NOx retrofit controls on heavy duty diesel
engines will help facilitate ozone attainment.

Anti-Idling

Unnecessary idling to “warm the engine” or
keep the cabin comfortable, generates a
significant portion of diesel emissions, and it
is time to break this outdated habit.  Idling
causes emissions to accumulate both inside
the cabin and surrounding the vehicle,
creating its own “hot spot” and impacting the
health of the driver, passengers, and the
surrounding population. Most modern engines
can warm up in 3-5 minutes, and engine
block heaters are capable of warming up the
engine by heating the coolant or oil, and some
can warm the cab as well, serving as an
auxiliary source of power when the bus engine
is turned off.  The heaters help the engine
achieve peak operating temperature quickly,
shaving off tens of minutes involved in
morning warm-ups thereby reducing
emissions inside and outside the vehicle (16-
53%) and reducing human exposure.

Another solution to the idling problem, at least
for long haul trucking, is truck stop
electrification.  One type of truck stop
electrification technology, known as single
system, provides for an HVAC unit above each
truck parking space and the device is then
attached through the window of the truck.
This devise provides heating, cooling, cable
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television and Internet access to the driver, and
allowing the driver to turn off the diesel engine
overnight.  The cost of the electrification to the
driver is $1.85 to $2.25 per hour, which is a
considerable savings to both the lungs and the
wallet as compared to running the engine
throughout the night.

Clearly, the technology is available to
substantially decrease diesel exhaust

Idling Myth Busters

MYTH #1: Not idling an engine (i.e. starting and stopping) will cause
more wear and tear than a short idle.

FACT: Idling causes twice the wear and tear on internal parts; increasing

maintenance and shorting engine life.

MYTH #2: Fuels need time to gel, especially in cold weather .

FACT: Refineries have resolved this problem with the creation of winter
blends.

MYTH #3: Idling is necessary to k eep the cabin comfortable for long
haul drivers.

FACT: Non- diesel generators and T ruck Stop Electrification technology
are both readily available and allow the drivers all the comforts of
home without the health risks.

Source: MORPC Mid-Ohio Diesel Project
(December 2005)

Cleaner Diesel Locomotive
Technology

As discussed above, idling diesel locomotive
switchers can emit great amounts of NOx and
PM2.5, and pose a health problem to those
who live near rail yards.  However, several
technologies could reduce idling: Automatic
engine stop-start controls; Auxiliary Power
Units; Diesel Drum Heating Systems—which all
reduce fuel use, emissions and noise and can
be retrofitted onto existing locomotives.70

Locomotives have even gone electric (or at
least hybrid).  The Green Goat Hybrid
Locomotive is a smaller, cleaner, and quieter
engine compared to traditional diesel

emissions for both on-road and non-road
mobile sources.  This technology should be
applied to existing engines as well as newly
manufactured diesel engines.  A combination
of PM and NOx pollution control technologies
with cleaner fuel will have the most
significant impact on cleaning up diesel
emissions.

locomotives.  The Green Goat does not need
to idle, and although designed for switchyard
duty, it could also be used to haul short
distances.71  While new technologies and
hybrid locomotives do generally cost more, if
incentive programs such as California’s Carl
Moyer grant program are developed at the
state government level, such costs could be
absorbed by the state to protect public
health.  Thanks to the Carl Moyer program in
California and the TERP incentive program in
Texas, BNSF was able to purchase Green
Goat Hybrids to replace 1960’s locomotive
technology.

Solutions
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Examples of Locomotive Anti-Idling T echnology

Automatic Shut-Down/ Start-Up Systems

ZTR Control Systems (can be combined with a  Diesel Driven Heating
System)
www .ztr .com/railway .htm  (612) 888-4121
This company manufacturers  the SmartStart system which is a
microprocessor technology that automatically manages the shutdown
and restart of locomotives while park ed idling . It continually monitors
existing conditions against a preprogrammed set of values. This system
monitors the following operating conditions: reverser and throttle
position, air brak e cylinder pressure, engine coolant and ambient air
temperature, and battery voltage and charging amperage. This
technology is not described below in T able A. Cost: $7,500

Auxiliary Power Units

EcoTrans T echnologies (includes an automatic shut - down/start -up system)
www .ecotranstechnologies.com  (904) 359-4978
CSX Transportation and International R oad and Rail formed a joint
venture (EcoT rans T echnologies) to manufacture and sell an APU , known
as the K -9. The APU automatically shuts down the main locomotive
engine idle while maintaining all vital main engine systems (e.g.,
engine coolant water and lubricating oil temperatures). In cold weather
it will maintain engine fluids at the proper temperature to prevent
engine freeze-ups. It also provides 110/220 house current, which allows
for locomotive cab heating and air conditioning (requires additional
products). Consumes 0.70 gph. Cost: $35,000-$40,000

Diesel-Driven Heating Systems

Kim Hotstart Manufacturing Company
http://kimhotstart.com/kimhotstart/sub.aspx?id=3818
(509) 534-6171

This company manufacturers a diesel driven heating system that allows
an idling locomotive to be shutdown by heating and circulating the
coolant and oil, charging the batteries and powering the cab heaters.
The compact system can be mounted on the walkway or inside the car
body where space allows. The system can also be link ed to the ZTR
SmartStart system for additional capabilities. The company also
manufactures electric powered heating systems and battery chargers.
Cost: $27,000-$29,000 (not including SmartStart).
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Federal Diesel Rules Show
Positive Change, but it is not
Enough

In 2001, the U.S. EPA updated its emission
regulations for on-road diesel engines.  Known
as the HDE 2007 Rule, it will cut PM
emissions from new on-road diesels by 90%
beginning in 2007.  The rule requires that new
engines must incorporate up-to-date pollution
control technologies.  The sulfur content of
highway diesel fuel will be reduced from 500
ppm to 15 ppm, the standard for ultra low
sulfur diesel fuel, by mid-2006–a step that is
necessary in order for pollution control
devices to function properly.  While these new
regulations mean the diesel engines coming
off production lines in 2007 will be the
cleanest we have seen, they do not account
for the existing diesel engines which will
continue to pollute our skies for the next 20
to 30 years.  The U.S. EPA estimates that the
emission reduction benefits from the on-road
rule will not be fully realized until 2036, when
theoretically all the vehicles on the road will
have the newer technology.

Non-road diesels have escaped the depth of
the regulations that on-road diesels have
been subjected to over the years.
Consequently, the technology used in these
engines is generally older and likely emits
higher levels of pollution, making it all the
more imperative to bring these archaic
generators of emissions up to current on-road
standards.  Fortunately, in May 2004, U.S. EPA
finalized rules for non-road diesels similar to
the rules for on-road diesels.  Implementation
of the non-road diesel rule will reduce PM and
NOx emissions by more than 95% and 90%,
respectively, starting in 2008 and phased in
through 2014.  Emission reductions would
extend to hydrocarbons, carbon monoxide,
sulfur oxides, and air toxics (air pollutants of
concern for which a NAAQS does not exist).
By 2030, U.S. EPA estimates the program will
reduce annual NOx emissions by 738,000
tons and PM by 129,000 tons.  Such a
reduction will prevent an estimated 12,000
premature deaths, over 8,900
hospitalizations, and one million lost
workdays each year.  U.S. EPA estimates the
quantifiable benefits will be approximately
$80 billion annually by 2030.  This savings far
outweighs the $2 billion annual cost of the

necessary engine and fuel requirements,72 a
cost-benefit ratio of 40 to 1.

On March 2, 2007, the USEPA unveiled its
proposed marine and locomotive diesel
emission rules.  EPA estimates the annual
cost of complying with the proposed program
to be about $600 million in 2030.  It is
anticipated that by 2030 this comprehensive
emission control program would reduce
annual emissions of NOx and PM by 765,000
and 28,000 tons, respectively, and the
magnitude of these reductions would
continue to grow well beyond 2030. The
monetized health benefits of this rule in
2030 would be approximately $12 billion —
much greater than the projected program
cost of $600 million per year. By 2030, the
rule would annually prevent 1,500 premature
mortalities; over 1,100 hospitalizations;
170,000 work days lost; and 1,000,000
minor restricted-activity days and other
quantifiable benefits.  Locomotive and
marine diesel emissions reductions are
expected to benefit those who live, work, or
recreate in and along our nation’s coastal
areas, rivers, ports, and rail lines. U.S. EPA
should shorten the timeline for when
emissions controls must be installed on
newly manufactured engines from 2017 to
2015, as well as include an engine rebuild
rule for marine engines as they have
proposed for locomotives. This rule is long-
overdue and U.S. EPA should finalize the rule
before the end of 2007.

The shortfall of current regulations is that they
only apply to the production of new engines.
The long life of diesel engines means the
majority of those in existence today will be
operating for another two to three decades,
polluting the environment.  Essentially, the
bus a child rides to kindergarten could still be
transporting students when that child
graduates from high school.  The federal
government is unlikely to extend regulations
into this realm, so it is up to state
governments to implement regulations for
retrofit programs on existing engines.
Retrofitting engines with pollution controls, in
conjunction with reduced sulfur content in
fuel, will decrease the amount of detrimental
emissions affecting the public and
environment.  As U.S. EPA suggested, many
states will absolutely need to clean up
emissions from diesel exhaust as well as
fulfill the other requirements of the Clean Air

Solutions
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Act in order to reach attainment for NAAQS.
The fastest way for states to meet the
standards is to clean up the emission
problems within their authority, and it is within
a state’s power to implement diesel cleanup
regulations and incentives to assist in
meeting NAAQS.

Where Do W e Go From Here?

As a highly industrial state with coal burning
power plants, steel production, and gas and
oil refineries, it is not surprising our emission
levels are abundant. According to the U.S.
EPA’s Toxic Release Inventory for 2002, Ohio
ranked number one in the nation for air
discharges, releasing over 123 million pounds
of toxic pollutants into the atmosphere.73

However, Ohio EPA reported from their 2004
Toxic Release Inventory, that toxic releases to
the air have decreased over 4.4 million
pounds.74 Nevertheless, it is all the more
important to utilize current technology to
reduce emissions and improve Ohio’s air
quality.  Certainly the dubious honor of top
state for air discharges is not one we wish to
gloat about.  Rather, a proactive state-wide
program to reduce emissions and clean the
air through self-imposed regulations and
deadlines would provide a more
distinguishable honor.

The majority of Ohio’s population is spread
throughout six urban areas.  Consequently,
reducing emissions from mobile sources in
these areas will most effectively reduce
mortality and facilitate attaining NAAQS.
Action can be taken at the community, local,
state, and federal government levels.

Solutions for Cleveland and its Local
Community
Here in Cleveland, school and transit fleets
should take up the challenge of implementing
clean technology by utilizing cleaner fuels,
installing pollution control and idling reduction
retrofits and purchasing cleaner diesel or
alternative fuel vehicles when replacing older
buses in fleets.  Accordingly, the cleanest
buses should be used on the longest routes to
limit widespread contamination from
emissions and minimize population exposure.
Anti-idling regulations should be established
and enforced to prevent unnecessary exhaust
affecting people both inside and outdoors.
School buses should be required to shut down

their engines while waiting at schools to load
or unload passengers.  Such action would
greatly benefit communities socially and
economically by decreasing the health-related
effects of air pollution and subsequent health
care costs.

All fleets owned or contracted by the City of
Cleveland, Cuyahoga and other counties, and
all other local governments (garbage trucks,
city services, local government construction,
etc.) should be required to use cleaner fuels
(ULSD and/or biodiesel), install retrofit
technology, use idling reduction equipment,
and purchase new, cleaner diesel or
alternative-fuel engines when replacing fleets.
Local government should encourage the
adjustment of contracts to require the use of
cleaner fuels and retrofits now, without
waiting for federal mandates to require such
actions.  Construction contracts should be
contingent upon the diesel engines involved
involved utilizing emission reducing
technologies, cleaner fuels, and idling
reduction practices.

When dealing with construction related diesel
emissions, contract provisions may be used to
require the use of low emissions equipment
and/or fuels.  The Mid-Ohio Regional Planning
Commission recommends, in its 2005 Mid-

Cleveland school children
can breathe easier now . . .

U.S. EPA, over the past
three years have awarded
Cleveland Municipal School
District (CMSD) $550,000 to
retrofit over 85 diesel
school buses with diesel
particulate filters and fuel
the fleet with ultra low
sulfur diesel fuel.  The
Cleveland Municipal School
District has also
implemented an idling
reduction program
throughout the district to
reduce idling time by 50%.
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Ohio Diesel Project report, that such contract
specifications be written as performance
requirements as not to discourage the use of
new technologies and be combined with
economic incentives.1  Chicago, Boston and
New York City have garnered great success
from contract provisions in their large scale
construction and transit activities.  The City of
Columbus is currently reviewing contract
preference language that would give
additional rating points to fleets utilizing
retrofits, cleaner fuels and idling reduction
policies on projects.

Solutions for the State of Ohio

At the state level, there are many steps that
can be taken to create funding assistance
programs, tie cleanup measures to air quality
planning, and address fleets within the state’s
borders.  Ohio should (1) establish a
statewide idling regulation with enforcement
requirements; (2) develop a statewide diesel
program, similar to the Texas TERP program,
to provide information and a dedicated

Franklin County Diesel School Bus Success

The Ohio Environmental Council has partnered with eight school
districts  to help develop fleet cleanup plans and secure over $1.5
million in funding to retrofit & replace over 280 school buses in central
Ohio. The OEC ’s diesel school bus program improves local air quality ,
assists cash- strapped schools and benefits public health—primarily
school children that are exposed to elevated levels of diesel particulate
pollution.

Also, the Franklin County Board of Mental Retardation and
Developmental Disabilities became the first school district in Ohio to use
biodiesel fuel starting in May of 2004.  MR/DD paid for the increased
fuel cost with operational funding, without the assistance of an outside
grant.

funding source (i.e., title transfer fees, etc.) for
local governments and private fleets to clean
up; (3) include diesel cleanup projects in the
State Implementation Plan (SIP); (4) fund the
Shell Diesel Emission Reduction programs;
and (5)  and develop programs to improve
emissions from construction equipment used
on public works projects.  Perhaps the easiest
first step would be to expand the existingexpand the existingexpand the existingexpand the existingexpand the existing
Ohio EPA School Bus RSchool Bus RSchool Bus RSchool Bus RSchool Bus Reeeeetrtrtrtrtrofofofofofit Grantit Grantit Grantit Grantit Grant
ProgramProgramProgramProgramProgram, at or above the current funding level
with a minimum of two grant cycles per year.
Grants are funded from civil penalties Ohio EPA
collects from environmental violations. The
program should be revised to allow the model
year bus eligibility to cover buses
manufactured before 1994, while continuing
to require that buses are kept in service for at
least 5 years after the retrofit.  A portion of the
fund should be expanded to districts located in
attainment counties.  The program should also
allow alternative fuels retrofits/conversions as
well as diesel retrofits.  The funds should be
utilized to further leverage federal DERA
funding.

Solutions
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Ohio EP A has become a leader in promoting a cleaner ride for
school children in Ohio with the creation of the Diesel School Bus
Retrofit Grant Program.  Ohio has nearly 20,000 school buses in
activity with at least 35% being older than 10 years.  Ohio is one of
less than a dozen states to create a program dedicated to
assisting school districts in installing pollution controls and using
cleaner fuels. Since the program began, Ohio EP A has awarded
$621,805 to 13 school districts that retrofitted 293 school buses.
Ohio EP A is seeking reauthorization from the Ohio General
Assembly to continue the program into 2008 - 2009. If approved,
the next grant application deadlines will be September 1, 2007,
and March 1 and September 1, 2008.

In addition, Ohio should include diesel engine
clean up in the State Implementation Plans
for ozone and fine particulate matter. Ohio
EPA should prepare SIP strategies that will
impact as much as the state as possible,
providing additional support to the efforts
underway in Northeast Ohio and for
maintenance areas.  The SIP should include
measures that are supportive of U.S. EPA’s
National Clean Diesel Program, including:
requiring Best Available Control Technologies
on all public fleets (phased in over time), a
statewide idling reduction regulation for public
and eventually private fleets, the adoption of
clean fleet contract specification
requirements for major public works projects,
the use of ultra low sulfur diesel in off-road
fleets utilized during public works projects
with on-site fueling, the incorporation of
ODOD’s truck stop electrification project as a
control measure and other innovative
transportation projects including compressed
natural gas, biodiesel, and hybrids.

Ohio should develop a statewide diesel
program and develop an educational
outreach plan for private and public fleets to
identify cleanup strategies and potential
funding options.  The program should include
on-road and off-road diesels, including buses,
trucks, construction and port equipment,
locomotives, and marine vessels. These could
be modeled after state programs like the Carl
Moyer Program in California, the Texas
Emissions Reduction Program (TERP) in Texas
or the Washington Clean School Bus program,
each of which have a dedicated funding
source (ie. title transfer fees, vehicle

registration fees). Ohio EPA should work with
Ohio Department of Development (ODOD) on
fully developing the Diesel Retrofit Grant and
Loan Programs created through Sub. House
Bill 245 (126 th  G.A.).  The Agency should work
to develop program guidelines for a statewide
diesel program and to identify a state-based
funding source to meet the federal matching
requirement in DERA to leverage additional
funds.

Ohio EPA should work with ODOD and Ohio Air
Quality Development Authority to create a low-
interest loan program that couples idling
reduction equipment, energy efficiency
hardware and diesel retrofits. State-funding
would be utilized to “buy down” interest for a
privately financed program administered by
OAQDA. A similar program should be created
to leverage greater private financing for
advanced truck stop electrification.
ODOT and metropolitan planning
organizations should utilize a portion of
Congestion Mitigation and Air Quality     funding
(10-20%) for clean fleet projects (diesel
retrofits, idling reduction, and alternative
fuels) and assist fleets in developing projects
that could help Ohio meet air quality
standards. These types of CMAQ programs are
most cost-effective than traditional projects
like traffic signalization and bike paths.
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Source: All costs from The CMAQ Improvement P rogram: Assessing 10 Y ears of Experience,
(2002), except diesel retrofit costs, which are from W escott ’s calculations. 76

Median Cost Rank

Inspection and Maintenance $1,900 1

DIESEL RETROFITSDIESEL RETROFITSDIESEL RETROFITSDIESEL RETROFITSDIESEL RETROFITS $5,340$5,340$5,340$5,340$5,340 22222
Regional Rideshares $7,400 3
Charges and Fees $10,300 4
Van Pool Programs $10,500 5
Misc. Travel Demand Management $12,500 6
Conventional Fuel Bus Replacement $16,100 7
Alternative Fuel Vehicles $17,800 8
Traffic Signalization $20,100 9
Employer Trip Reduction $22,700 10
Conventional Service Upgrades $24,600 11
Park and Ride Lots $43,000 12
Modal Subsidies and Vouchers $46,600 13
New Transit Capital Systems/Vehicles $66,400 14
Bike/Pedestrian $84,100 15
Shuttles/Feeders/Paratransit $87,500 16
Freeway Management $102,400 17
Alternative Fuel Buses $126,400 18
HOV Facilities $176,200 19
Telework $251,800 20

A future solution to idling reduction is the use
of fuel cells. Funding from Ohio’s Third
Frontier Program has enabled a consortium
lead by Technology Management Inc. (TMI) of
Cleveland and Ricardo Systems of Van Buren
Michigan to pursue the development of a
solid oxide fuel cell that will be employed as
an APU for diesel trucks.   Currently, the
consortium has developed a reliable (2,000
hour) fuel cell that produces 3KW of clean
power from diesel fuel via electromechanical
means, sans combustion.  The consortium is
currently working on a truck stable fuel cell
assembly and expects to begin testing in late
2007.

Legislatively, the state can have profound
impacts on diesel cleanup and remove the
tarnish of being a pollution forerunner by
taking the initiative in reducing diesel
emissions.  First, the Ohio General Assembly
should reauthorize funding of the School Bus
Retrofit Grant Program.  Second, the state
should require an earlier transition to ULSD by
fleets than that currently set by the U.S. EPA,

which would result in an immediate reduction
in emissions and aid the state in meeting
attainment requirements.  Third, state
regulations should be adopted to include
existing diesels in the retrofit process and
establish a retrofit assistance program to
foster this project. Finally, state law should
restrict idling of diesel engines for the safety
of passengers, drivers and populations
located near idling areas.  A combination of
these approaches will dramatically reduce the
amount of NOx and PM entering our air.

Ohio’s Efforts So Far
Ohio EPA’s Clean Diesel School Bus Retrofit
Program was created in the State Budget Bill
for 2006-7, and is funded from polluter
penalties collected by Ohio EPA enforcement
efforts.  The goals of the program are to:
Retrofit existing school buses with devices
and/or cleaner fuels that reduce pollution;
reduce school bus idling; provide assistance
funding to Ohio school districts for successful
approaches to reducing bus pollution.
Priorities are given to school districts located

Cost-Effectiveness of Current CMAQ Strategies and Diesel Retrofits
(median cost per ton equivalent of air pollution removed)

Solutions
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in counties designated by U.S. EPA as
nonattainment for fine particulate national
ambient air quality standards; school districts
that employ additional measures that reduce
air pollution from the district’s school bus
fleet. School districts must provide at least a
5% match, either in-kind or from other funding
sources.  Higher matches are encouraged.
Installations/retrofits must be completed
within one year.  (Delays may be allowed if
appropriate fuels are not locally available).
Another example of how Ohio is moving
toward the goals of lower diesel emissions
focuses on alternative fuels.  The Alternative
Fuel Transportation (AFT) Grant Program was
created in House Bill 245 by the Ohio General
Assembly and signed into law by Governor
Bob Taft on July 6, 2006.  The General
Assembly appropriated $900,000 for state
fiscal year 2007.  The Ohio Department of
Development’s Office of Energy Efficiency
(ODOD/OEE) facilitates this program geared
toward businesses, nonprofit organizations,
public school systems, and local governments
for the purchase and installation of
alternative fuel refueling facilities, blending
facilities, and for the purchase and use of
alternative fuel. This new law will provide a
tremendous boost to availability and use of
biodiesel and E85 ethanol – making, within a
few years, biodiesel and E85 real choices, not
just for government fleets, but nearly all
consumers statewide.

The Federal Focus

Expand Current Programs
Efforts from the federal government must be
focused on expanding existing diesel cleanup
funding programs.  The Administration and
Congressional lawmakers should expand the
two current funding assistance programs, the
Clean School Bus USA and the Voluntary
Diesel Retrofit Programs, by authorizing larger
appropriation budgets to meet the high
demand for assistance.  In 2003, the Clean
School Bus USA program received over 120
proposals requesting nearly $60 million in
funding assistance, yet only  17 projects were
funded at a total of $5 million.  In 2006,
Congress appropriated $7 million for EPA’s
Clean School Bus program, for 37 school
districts around the nation, despite the fact
that applications reached 170 for a total of
$50 million.  While the applications increase
through the years and the proposals range

from a total of $50 to $60 million, Congress
continues to only appropriate a fraction of
these totals.  Larger funding appropriations
are needed for these highly competitive
programs, In addition, U.S. EPA has developed
programs such as Clean Ports USA and Clean
Construction as voluntary efforts to reduce
non-road emissions.  U.S. EPA’s SmartWay
Transport Partnership is a voluntary
collaboration with the freight industry
designed to increase energy efficiency while
significantly reducing greenhouse gases and
air pollution.  One focus of this program is
reducing unnecessary idling by the freight
industry through education, technology
deployment and low-interest loan programs.  

Fund for the Diesel Emission Reduction
Act (DERA)
In order to further assist state and local
efforts to retrofit diesel engines,
Congressional lawmakers should appropriate
funds for DERA - national diesel retrofit
program to serve as both a model and large-
scale funding source for diesel cleanup
projects.  The Diesel Emissions Reduction Act
(DERA) (found in sections 791 to 797 of the
Energy Policy Act of 2005) was introduced by
a bi-partisan coalition consisting of
Republican George Voinovich and Democrat
Hillary Clinton among others, and was
supported by a diverse group of members of
the diesel industry, public health
organizations, and environmental groups.
Only one senator voted against the Act.

The provisions of the Act authorize funding of
one billion dollars total; this works out to 200
million dollars per year for the five year period
of 2007-2011.77  The Act directs that 70% of
the funds be distributed by the EPA to provide
grants and loans to “achieve significant
reductions” in diesel emissions in terms of
“tons of pollution produced” and “diesel
emissions exposure, particularly in fleets
operating in poor air quality areas.”78  DERA
also provides that 50% of the above funds go
to “benefit public fleets.”79  The remaining
30% of the funds provided by the Act are to go
to “support grant and loan programs
administered by States that are designed to
achieve significant reductions in diesel
emissions.”80

DERA also outlines how the above grants or
loans may be used, as well as provides
guidelines on how to prioritize the granting of
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Clean School Bus USA monies
given to the CMSD
“ Today ’s technology has given
our district the opportunity to
move from the cloud of black
diesel smok e that shrouded
our buses daily to a rich
environment that supports a
healthy , safe mode of
transportation.  The
Cleveland Municipal School
District tak es pride in
educating our children and
providing the safest
transportation” — Howard
Strong, former Fleet
Maintenance Manager ,
Cleveland Municipal School
District, Cleveland, Ohio

funds.  Priority is given to projects that will
“maximize public health benefits,” while also
being the “most cost effective.”  The projects
that are given priority should also “serve areas
with high population densities that are poor
air quality areas.81  If an entity fulfills the
above requirements and is granted funds, it
may use the grant or loan for “retrofit
technology that significantly reduces
emissions.”82

The program is a voluntary program in which
states are encouraged to participate.  Diesel
retrofitting is one of the most cost-effective
ways to reduce diesel emissions, helping
states to attain EPA goals for air quality and
also improving citizens’ overall health in the
state.83  “EPA estimates that this billion dollar
program would leverage an additional $500
million leading to a net benefit of almost $20
billion with a reduction of about 70,000 tons
of particulate matter. This is a 13 to 1 benefit-
cost ratio.”84

However, DERA was not funded at its
proposed $200 million per year for the five
years of the program, despite the cost/benefit
analysis that detailed both an economic
benefit as well as a health benefit.  The
Administration’s budget request for FY2007
included $50 million for DERA, which was
subsequently further cut in Congressional
finance committees into the $20millions.
Ultimately, Congress failed to pass a budget in
2006, so DERA has yet to be funded.  A strong
lobbying effort is still underway to have DERA
funded in the next budget.  All existing U.S.
EPA clean diesel programs would then be
administered through the DERA program.  To
quote Senators Voinovich and Carper in a
June 2006 letter to Congressional
Newspaper The Hill: “DERA is good for the
environment, good for public health and good
for the economy.”85  In a nutshell, those are
the three reasons why DERA must be given its
appropriate funding.

Solutions
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More than thirty years ago, the Clean Air Act
provided the guidelines necessary for
transforming the United States into a country
with healthier air, yet not all the regulations
have been applied to make these goals a
reality.  Some industries and aspects of
American society have been given a regulatory
break in the past because of the misguided
thought that because of its importance on this
country’s economy it cannot be as tightly
regulated.  However, it is clear that what
makes America’s commerce move, can also
make America’s citizenry ill.  Nevertheless, we
have the technology and the know-how to
lessen the human and environmental health
impacts while allowing business to proceed
unheeded. In fact, diesel cleanup is a perfect
example that steps to improve air quality and
our environment can also positively impact
our economy, as clearly illustrated by the cost-
effectiveness of these technologies. Our
collective goal should be clean air, healthy
citizens and a prosperous future, and the Six
R’s of Diesel Emission Reduction can be the
catalyst for our success.

Both newly manufactured and existing diesels
should be required to utilize emission control
technologies and cleaner fuels to minimize
pollution.  Continued efforts to purchase
alternative fuel vehicles should be
encouraged and assisted by government
grants.  As the U.S. EPA has stated, the cost of
implementing clean technology regulations is
largely outweighed by the cost of health
complications from diesel emission exposure.
Likewise, many states, including Ohio, will
need to address diesel emissions as a direct
approach to achieving attainment for NAAQS.

By 2030, U.S. EPA estimates implementation
of the non-road diesel rule alone could
prevent 12,000 premature deaths and
19,000 nonfatal heart attacks per year.  The
combined benefits of both the non-road and
the on-road diesel rules are estimated at
20,300 avoided deaths per year in 2030.
Imagine the benefits if all the dirty diesels on
the road were cleaned up today.  Children
could actually ride buses to school without the
threat of developing asthma from the
poisonous exhaust.  Our environment would
reap the benefits as well with healthier crops,
forests, waterways, and wildlife.  Cityscapes
would regain some of their natural visibility
and reductions in harmful atmospheric

Conclusion
warming agents would be immediate and
beneficial across the globe.

It is time for Cleveland and the entire state of
Ohio to rise to the challenge of reducing
emissions from diesel engines by retrofitting
existing fleets, using cleaner fuels, and
encouraging purchase of alternative-fuel
vehicles, as well as establishing an a
statewide idling regulation and a retrofit
assistance program.  These are important
steps which will help protect the health of our
communities.  People living along heavy
diesel traffic routes, children riding their only
mode of transportation to and from school,
people sitting in their places of work and
residence, individuals outside enjoying “fresh”
air, and workers doing their job transporting
people and goods deserve to be safe without
the often unseen health hazards of diesel
pollution.
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Appendix A :  Methodology
Choosing a hot - spot

A hot spot is meant to describe an area in
which the risk of health impacts from
exposure to HDDE emissions is likely to be
significantly increased. In other words, it
describes an outermost boundary within
which there is an increased likelihood of a
variety of health impacts, based on traffic
level and roadway type. We defined a hot spot
as an area within one-quarter mile of a
roadway with a traffic level equivalent to an
annual average daily traffic level of 32,000
on a congested urban highway .The maximum
one-quarter mile distance was chosen based
on several recent studies indicating that
within this distance there is an increased risk
for cancer and leukemia in children (250
yards), development of asthma in children
(90 meters), hospitalizations due to asthma
for children (500 and 200 meters), and
premature death (50 to 100 meters).

The traffic level is related to two recent
American studies - a Denver 2000 study
identified a 20,000 AADT risk threshold for
nearby busy roadways, and an Erie County, NY
study identified a 4,000 vehicle miles
traveled (VMT) threshold, equivalent to
32,000 AADT for state highways. Neither
study identified the relative number of
roadways that were urban arterials and
highways. Based on conversations with the
lead investigator of the NY study, we assumed
the Erie County study was congested urban
highway. Based on descriptions within the
Denver study, we assumed those traffic levels
were linked to urban arterial corridors. Other
studies, such as those looking at premature
death, were not linked to specific traffic
levels, only distance from roadways.

Applying hot - spot thresholds
to different traffic levels

In order to determine the locations of
roadways with traffic thresholds that could be
identified as ‘hot-spots’, we first had to
develop a method of equating the traffic
levels on different road types. For example,
10,000 trucks on a rural highway are likely to
produce much less pollution than similar
traffic levels on a congested urban arterial
roadway. The easiest way to develop a
method of equating these variations was to
identify an emissions level that represented

the traffic level in the Erie County, New York
study. Once the level was developed,
equivalent traffic thresholds could be
determined for each road type.

Based on calculations described below, the
675 g/mi/day PM level represents the
emissions from the 32,000 AADT traffic levels
in the Erie County study86. This level also
matches the 20,000 AADT traffic level in the
Denver study (relating to urban arterial
corridors)87. This PM level was then used as a
metric to identify segments of roadways that
experienced similar traffic/air pollution levels.

EPA’s Mobile 6 model did not provide PM
emissions at the time, therefore an emissions
estimate methodology had to be developed.
While this methodology did not have to
necessarily reflect the real emissions from
vehicles, it had to be rigorous enough to be
able to calibrate different levels of traffic on
different road types.

Estimating PM emissions from diesels on
roadways required addressing the following
challenges:

1.  Developing a weighted emissions rate for
      EPA diesel vehicle classifications –
     Developing an emissions factor that applies
     to the vehicle traffic count requires
     information about emissions from diesels
     that are on the road today. EPA’s Mobile 6
     model classifies diesel vehicles based on
     their weight, and includes estimates about
     the age of the diesel vehicles that are
     currently on the road. Emissions based on
     age can be estimated from the EPA’s
     emission limits that vary according to the
     year of the engine. The emissions rate was
    determined by looking at each diesel engine
     class’s allowed emissions rate over the past
     25 years88 and calculating an average
     emissions, weighted by the relative number
     of each years engine that are on the road89.
     In addition, the emissions factor had to be
     converted from grams per brake horse mile
      to grams per mile90. This was done for EPA
      engine classes 2B,3,4,5,6,7,8A, and 8B.

2.  Speed assumption for road types and speed
      adjustment calculations – This
      methodology assumed that roadways and
      speeds were broken down into  the
      following three categories: Rural highway
      with an average speed of 55 MPH;
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     Congested urban highway with an average
      speed of 35 MPH: and Local roads with an
      average speed of 20 MPH. Because
      emissions vary according to the traffic
      patterns  - start and stop traffic versus
      continuous, and varying speed – an
      adjustment needs to occur when
     comparing different road types and speeds.
     Mobile 6 does not include a speed
     adjustment curve for PM. As a proxy, we
     used the speed adjustment curve for
     carbon monoxide (CO)1. This was based on
      research (West Virginia University, 2001)2

     that identified that the PM and CO
     emission increases and decreases tracked
     the diesel engine cycle more similarly than
      other emissions (such as NOx and VOCs).

3.  Developing a single diesel emissions rate
     for each road type – The next step is to
     develop a single emissions rate that could
     be applied to the traffic on specific road
     types. The Federal Highway Administration
     has 19 different road classifications. The
     Ohio Department of Transportation has
     classified every road in Ohio according to
     this method. Both ODOT and local panning
     commissions in Ohio have tracked traffic
      levels on these roads. Therefore once an
     emissions level can be determined for
     these roads, it can be applied to the traffic
      levels, and a total emissions level for
     those road segments can be determined.
     The steps to develop these emissions
     factors are:

     a.   As mentioned above, EPA has a
            classification system for diesel which
             includes 10 different weight classes.
            FHWA has a vehicle classification
            system that has 13 different vehicle
            types. Since the emissions factors are
            based on the EPA system and the
           vehicle distribution estimates are based
            on the FHWA system, both systems
            must be harmonized. ODOT has
            conducted a survey of weight estimates
           of HDDE vehicles under the FHWA
            system for various road types93. We
            matched the weight estimates for each
            FHWA vehicle class under each road
            type with the EPA weight classes.

     b.  Once the two systems are matched,
            the EPA based emissions factor is then
           applied to the appropriate FHWA weight

            class (for each road type). The
            emissions factor is multiplied with the
           vehicle distribution for the FHWA
            vehicle class for each road type94. This
            produces a relative emissions factor for
            the FHWA vehicle classes on each road
            type.

    c.   The relative emissions factors are
           summed for each road type, producing
           a weighted emissions factor for FHWA
            road types 1, 2, 6, 7, 8, 11, 12, 14, 16,
            17, 18. One complicating factor is that
           the ODOT survey for weight estimates of
          HDDE vehicles under the FHWA road
          type system did not include data for road
           types 7, 8, 9, 16, 17 18. These road
           ways were small local roads or
           entrance/exit ramps, and so the survey
           figures for the closest road types were
           used as a proxy:  road type 6 for 7, 8,
           and 9; and road type 14 for 16, 17, and
           18.

Once the weighted average emissions rate
was developed for each road type, it was
applied to the traffic counts available from
ODOT and from local planning commissions.
In the case of ODOT, the data differentiated
the cars and light trucks (FHWA class 1, 2,
and 3) from the heavy trucks (FHWA class 4-
13). In this case, the emissions factor for
each road was applied directly to the heavy
truck traffic data. In the case of local planning
organizations, the data were not
differentiated.
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Appendix B:  Affected P opulations

Populations in the Cleveland Metro Area Affected by Diesel Emissions

from T rucks and T rains
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Appendix C :   Emissions Data
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Appendix E :  Programs across the Country
The following program list contains examples of some existing diesel cleanup efforts and should not be
considered a comprehensive list as many additional programs not mentioned here are currently occurring
around the country.

California

The California Air Resources Board adopted a Diesel Risk Reduction Plan
which calls for the reduction of diesel emissions as well as the addition
of emission controls to existing diesel engines. 95   The Diesel Risk
Reduction Plan sets the goals of reducing diesel particulate matter
emissions by 75% by 2010, and by 85% by 2020. 96   The plan also
recognizes the role that incentive programs play in the reduction of
diesel emissions; California has instituted two such incentive programs.

California instituted the Carl Moyer Program in 1999. 97   The program
provides incentive funds to truck owners who improve their engines
beyond what is required by law .98   The program specifically targets
nitrous o xide emissions; however , a reduction in particulate matter has
also occurred as a result of the success of this program. 99   “The
associated cost savings due to avoided health incidents is estimated to
be $800 million, while less than $90 million has been spent on this
program.  The benefits of the Carl Moyer Program overwhelm the costs
by a near ten to one ratio.” 100   California also employs a Low Emission
School Bus Program, helping to fund the replacement and retrofitting of
old school buses. 101

Carl Moyer program in the construction and agricultural sector:

Under the Carl Moyer Program, The Great Basin Unified Air Pollution
Control District (GBUAPCD) sponsored an incentive program to help
agricultural operators replace their older stationary irrigation pump
engines with modern, low emissions engines.

Texas

Texas has replicated California ’s Carl Moyer program through the
Texas Emissions R eduction Plan (TERP) established by the 77th T exas
Legislature in 2001, through enactment of Senate Bill (SB) 5 . The
TERP includes a number of voluntary financial incentive programs, as
well as other assistance programs, to help improve the air quality
(conotinued on next page)
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in Texas. The goals of the TERP are to assure that the air in this state is
safe to breathe and meets minimum federal standards established
under the Federal Clean Air Act, develop multipollutant approaches to
solving the state’s environmental problems; and adequately fund
research and development that will mak e the state a leader in new
technologies that can solve its environmental problems while creating
new business and industry in the state.

In addition to these general goals, a primary purpose of the TERP is to
replace, through voluntary incentive programs, the reductions in
emissions of oxides of nitrogen 102 . Since its creation, TERP has funded
nearly 900 projects at a cost of $335,909,827. The projected reductions in
NOx emissions are 75,534 tons. 103

Texas also utilizes a program entitled the T exas Low Emission Diesel
Program that is part of the State Implementation Plan. 104   The goal of
the program is to lower nitrous oxide emissions from diesel engines,
including both highway vehicles and nonroad equipment. 105   The rule
does not cover the whole state, however , only 110 counties in the eastern
half of the state, but includes the non-attainment areas. 106   “The rule
requires that diesel fuel produced for delivery and ultimate sale to the
consumer –for both on and nonroad use – must contain less than 10
percent by volume of aromatic hydrocarbons and must have a cetane
number of 48 or greater .” 107

Washington

“ Washington State Ferries operates the largest ferry fleet in the United
States.” 108   The company will soon be converting its entire fleet to low
sulfur diesel fuel, as well as some other test fuels that may lower diesel
emissions. 109   Washington also operates the Diesel Solutions program,
which encourages entities to voluntarily clean up their fleets. 110   The
state also has new regulations going into effect in 2006 and 2007 to
regulate emissions and engine standards. 111

Washington State Legislature, in 2003, also passed a Clean School Bus
Program that provided about $5 million statewide in its first fiscal year ,
primarily to begin installing retrofit emission controls on existing diesel
school buses. And the Legislature committed to continuing this level of
funding for five years to clean up about 7,500 of more than 9,000 school
buses in the state.  W ashington ’s program is one of the largest state -
funded, voluntary school bus retrofit program in the country .
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Connecticut

Connecticut utilizes Diesel Reduction Initiatives. 112   The program
recognizes the harmful effects of diesel emissions, and works to reduce
such emissions in the Connecticut area.  The program encourages the use
of anti-idling measures, diesel retrofits, and electrification of truck stops
so that truck drives do not need to leave their trucks idling to provide air
conditioning or heat while park ed. 113   Connecticut ’s Department of
Environmental Protection considers diesel emissions reduction a
priority .114

New Y ork

New York City has begun to use diesel hybrid buses as a means of
public transportation. 115   Hybrid buses “typically [cost] between
$125,000 and $200,000 more than their conventional counterparts.
NYCT says this is mitigated by an estimated $100,000 savings in fuel
costs over a 12-year life span, as well as maintenance savings on brak e
components.” 116   The City also participates in a voluntarily diesel retrofit
program, 117  as well as an alternative fuels program. 118   It also has
tak en advantage of the Clean School Bus Grants program, installing
diesel particulate filters on 1,000 school buses. 119   New Y ork State also
employs a Heavy Duty Diesel Emission Program, which allows for
roadside tests to assist in the identification of heavy emitters that are in
need of repair .120

On August 16, 2006, New Y ork Governor George P ataki (R) signed the
New York State Diesel Emissions R eduction Act of 2006. The bill
specifically requires that all state-owned heavy-duty vehicles (used in
on-road and off-road applications) and those under contract with the
state use ultra-low sulfur diesel fuel (ULSD) within six months of the
effective date of the bill. It also requires these vehicles to be fitted with
best available retrofit technologies (e.g., diesel oxidation catalysts and
diesel particulate filters) to reduce tailpipe emissions. The legislation
establishes the following schedule for installing the retrofit
technologies: not less than 33% of all vehicles by December 31, 2008;
not less than 66% of all vehicles by December 31, 2009; and not less
than 100% of all vehicles by December 31, 2010. 121

Appendix E :  Programs across the Country
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Sample Contract Provisions

New Y ork City

The city ’s local laws state that the city should “contract for construction
services with contractors who use ultra low sulfur diesel fuel and the best
available technology to minimize the release of harmful pollutants in
diesel-powered nonroad vehicles.”  The City Council provides for its
reasoning that “acting with the discretion allowed any private
participant in the mark et, the city should choose to allocate its
purchasing dollars in order to protect the health of its residents, thus
decreasing the number of asthma hospitalizations and associated costs
to the city , as well.” 122   The law additionally provides a requirement
“that any solicitation for a public works contract and any contract
entered into as a result of such solicitation include specifications that all
contractors in the performance of such contract use ultra low sulfur diesel
fuel and the best available technology for reducing the emission of
pollutants for diesel-powered nonroad vehicles. All contractors in the
performance of such contract must comply with such specifications.” 123

Chicago T ransit Board

has a contract with BP to deliver ultra low sulfur diesel fuels for the life
of the fleet.  It switched over to the ULSD in 2003, stating that mass
transportation is “inherently environmentally friendly ” since it reduces
the amount of emissions that would otherwise be in the air if every
person had to provide his own transportation. 3  The CTA President stated
that “ULSD is the most cost-effective way to reduce emissions because it
allows us to use it in new buses that come equipped with particulate
matter filters, retrofit many of our existing buses with filters, and also
reduce emissions from buses that cannot be fitted with filters.” 125

O’Hare Modernization Program

The Chicago O’Hare Modernization Program (OMP) developed design
and construction standards for construction equipment and vehicles that
reduce air emissions through cleaner fuels, diesel oxidation catalysts
(DOCs) and diesel particulate filters (DPFs), ultra-low sulfur diesel fuel
(ULSD), idling restrictions, and cleaner vehicle options. 126
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Dan Ryan Expressway

This is a four year road reconstruction project south of Chicago. The project
addresses reduction of carbon monoxide (CO), hydro-carbons (HC), nitrogen
oxides (NOx), and particulate matter (PM) through idle-reduction practices,
EPA verified emission control devices, ultra-low sulfur diesel fuel, dust control
measures, air quality monitoring, and 24-hour response to concerns. 127

Massachusetts Bay T ransportation Authority (MBT A)

All bids to MBT A must include a signed Certificate of Construction Equipment
Standard Compliance indicating that all diesel construction equipment used in
the contract has emission control devices, such as diesel oxidation catalysts
(DOCs) or diesel particulate filters (DPFs). 128

Boston ‘Digs’ Clean Diesel

Several hundred pieces of heavy-duty off-road diesel equipment are being
used in construction of the Central Artery/T unnel Project (Big Dig).  The
Massachusetts T urnpik e Authority (MT A) in collaboration with the
Massachusetts Department of Environmental Protection (DEP) and the
Northeast States for Coordinated Air Use Management (NESCAUM)
implemented a voluntary diesel retrofit program.  The use of oxidation
catalysts was so successful that what began as a voluntary program was
shifted to a requirement for all vehicles used through the end of the dig.
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