Hybrid Vehicle Emissions Analysis

by
Adam Klempner
Elizabeth Mills
Micah Watt

Interactive Qualifying Project

Worcester Polytechnic Institute

A o it Mk bt

Adam Klempner Llizabeth Mills Micah Watt

February 27, 2002

Advisor: Arthur Gerstenfeld



The object of this analysis of the hybrid vehicle is to determine what ecological
impact the hybrid vehicle will have when being driven in significant numbers. Current
pollution by automobiles in the city of Worcester, Massachusetts, amounts to over 6000
tons each year. The side effects of this much pollution include smog filed skies, and
various health hazards, from increased asthma to cancer rates. The ability to reduce this
vast amount of pollution by any means possible is valuable, and the hybrid vehicle may
be one solution.

The hybrid vehicle designed to reduced emissions or increase fuel efficiency is in
either case much cleaner than most other automobiles. The organization in charge of
emissions regulation in the United States of America is the Environmental Protection
Agency, EPA. The EPA has instituted a strict set of emissions restrictions upon
automobiles and ranks each vehicle sold in the United States in an emissions cutoff
category. This category ranking system helps inform the public as to which vehicles
available to them are heavy polluters and which are the cleanest. The cleanest category
in the EPA’s ranking system is called SULEV, short for Super Ultra Low Emissions
Vehicle; currently there is only one type of vehicle in this category, the hybrid.

When conventional internal combustion vehicles are replaced by gas electric
hybrids the reduction in emissions is nothing short of amazing. In fact an internal
combustion engine vehicle pollutes 7 times more than a Hybrid vehicle. Hybrid vehicles
show the greatest impact upon the population of “older” vehicles, model year 1996 or
older, due to the absence of such strict EPA restrictions in many of those years. If all
“older” vehicles were to be replaced by hybrids the total pollution per year in Worcester
would drop from 6258 tons to merely 2124 tons. To replace only the “new”, model year
1996 and newer, by hybrids we would reduce the pollution by only 1600 tons. To totally
replace all of the vehicles on the road by hybrids would reduce the pollution to only 16
percent of its former amount, only 1000 tons of airborne pollution.

The correct solution at this point is most likely none of these scenarios. As the
EPA has done in the past, a “phasing in” of new restrictions would prove the best policy,
over the next 5 to 10 years automobile manufacturers should be required to produce an
incrementally increasing number of SULEV vehicles, slowly phasing in this new
technology. “Old” vehicles should be replaced as soon as possible, and newer vehicles
would obviously be of a lesser priority but are still important in the cleaning process.
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Introduction:

Mankind has been living with the automobile for nearly a century; in this time we
have seen drastic changes in the uses of and the requirements for this form of
transportation. Therefore, it is not surprising that we see such a large area of
technological development focused upon the automobile and its improvement. Today the
automobile in all its forms, passenger car, large commercial and industrial vehicles alike,
represents the most used and versatile means of moving goods and persons from one
location to another.

The invention that made automobiles practical and worthwhile was undoubtedly
the internal-combustion engine. Powered by the internal-combustion engine, the
automobile is able to travel independent of external energy sources, requiring only a
small amount of fuel or inconvenience when compared to steam or electric vehicles. The
abundance of petroleum based fuels also allows the driver to travel nearly anywhere
without needing to worry about fuel sources. This ease of use coupled with versatility is
the main reason the number of modern automobiles ranks in the hundreds of millions
across the globe.

These vast numbers of automobiles also present issues which in many cases cause
controversy. Petroleum is a nonrenewable source of fuel, and every day Oil Company’s
drill the oil becomes more expensive to extract and takes a larger ecological toll. The
cars themselves have a rather significant ecological impact, an impact which living
organisms on this planet are forced to deal with every day.

The internal-combustion engine that has made life easier in so many aspects is

also hurting us in a rather startling manner. Large commercial and industrial centers



often find themselves shrouded in a haze of smog, the noxious combination of smoke and
fog. Smog is merely the combination of combustion byproducts and the atmosphere,
creating a thick choking airborne pollution.

On the other hand, the electric car, which was never realized as a practical
vehicle, has no emissions of any sort. It makes sense that through continued
technological development, which is embodied in the automobile, we see a hybridization
of the gasoline-powered internal-combustion engine and the battery-powered electrical
systems. The hybridization of petroleum-electric automobiles originated in 1897 with the
development of the first hybrid vehicle. The first hybrid vehicle although not much by
today’s standards was an engineering attempt at capturing the energy of fossil fuels and
the drive train efficiency of electric motors.' The goal of the makers of these hybrid cars
is to produce a vehicle as versatile and convenient as the gasoline engine with the
efficiency and cleanliness of the electric motor. There are precious few of these hybrid
vehicles available to the average consumer, the most note-worthy two being the Honda
Insight and Toyota Prius, and soon to come Ford Escape.

This study aims to discover whether the introduction of the hybrid vehicle into the
automobile population will have any significant impact upon the pollution generated by
internal combustion vehicles each year. Whether for good or bad, this study should open
the way for more exploration into the topic of practical alternative vehicle design and the

impact such designs can have on our surroundings.



Literature Review:

The internal-combustion engine produces three chemical categories that we are
most concerned with: Hydrocarbons, Nitrous Oxides, and Carbon Oxides. The
Hydrocarbon category consists mainly of volatile organic compounds; hydrocarbons
include the extremely hazardous formaldehyde and benzene, known carcinogens.ii
Carbon Oxides can either be in the form of carbon dioxide, or carbon monoxide, if one is
exposed to a large amount of the later it can have fatal consequences. The danger
presented by these substances and their proximity to humans was one of the driving
forces for the creation of the Clean Air Act and major action being taken by the EPA.

The current standards decreed by the Environmental Protection Agency for
automobiles are designed to decrease the presence of toxins in our air. In the early
1950’s a California study discovered a correlation between the fumes produced by
automobiles and the hazy fog that was forming over Los Angeles.™ The presence of the
smog is not surprising when one realizes that in the early fifties the average vehicle was
producing approximately 52 times the current emissions for hydrocarbons, 25 times for
carbon monoxides, and 9 times for nitrogen oxides." The current federal standards, listed
in Table 1, represent the limit that can be reasonably imposed at our current level of

technology, without impeding our economy’s growth.



Table 1 - Emissions Standards

Pollutant | Current Federal Standard — Tier 1
(grams/mile)
HC' 0.31
Cco* 4.2
NO,’ 0.6

Vehicles are divided into categories depending upon their fuel efficiency, size and
weight; the standards given here are for Tier 1, the most heavily polluting Tier (a
complete list of standards can be found in Appendix I under Table 6). When vehicles are
emissions tested as a requirement for state inspection they must be below these cutoffs,
which are 0.31, 4.2, and 0.6 grams per mile non-methane hydrocarbons, carbon
monoxide, and nitrogen oxides respectively.” Vehicles which fit in other Tiers will have
tighter restrictions upon their emissions, nonetheless even the heavy polluting vehicles
are much cleaner today than they were fifty years ago. New vehicles are designed with
these cutoffs in mind; these vehicles usually fall significantly lower than the cutoffs,
allowing some leeway for deterioration caused by natural vehicle aging.

The small car or compact/subcompact car, a vehicle that makes up twenty three
percent of the vehicles currently on the road, is one of the most popular vehicle sizes.
The small car is the cleanest form of dual axle transportation available to the consumer at
this point. The average compact/subcompact car travels twice the number of miles on the
same gallon of gas as the ever-popular sport utility vehicle.

The Prius and Insight, compact and subcompact cars respectively, have the lowest

emissions in their classes, ranking in Super, or Super Ultra, Low Emissions Vehicle, and

" HC : Hydrocarbons.
2 CO : Carbon Monoxide.
3NO, : Nitrous Oxides.



having the best miles per gallon for their classes.” Vehicles that qualify for the SULEV
category must meet very stringent guidelines, regulating the number of grams of
Hydrocarbons and Nitrous Oxides released for each mile traveled. The qualification for
this category is roughly the production of one pound or less of smog forming pollution
for every 15,000 miles."" The vehicles that are awarded the SULEV status show an

amazing reduction in tailpipe emissions compared to other categories of vehicles. Table

2 shows the reduction in emissions when one compares a SULEV vehicle to a Tier 1

vehicle.
Table 2 - A Comparison of Emissions Standards
Pollutant Clean Car Campaign — Current Federal Standard — Tier 1 | Reduction
SULEV Standard (grams/mile) (percent)
(grams/mile)
HC 0.01 0.31 97%
CO 1.0 4.2 76%
NOy 0.02 0.6 97%

To examine the problem of air pollution and the effect a hybrid vehicle could
have on the current and future levels, the target city of Worcester, Massachusetts has
been chosen. This city, with its instantaneous population of over two hundred and fifty
thousand, has large industrial and commercial districts."" Sampling a large city such as
this one helps this study take into consideration the presence of commuting traffic, with
large volumes of residents moving to and from work, and pleasure. The movement of
large volumes of people in a relatively small area will create the most pollution due to the
increased travel times between destinations, and the highly increased chance of stop and
go driving, which forms the most pollution. In fact for this large Massachusetts city there

are .79 vehicles for every person, meaning three out of four people have their own cars.”




In this city where very little if any of the population uses public transportation this means
a large volume of tailpipe emissions each and every day. In fact the Massachusetts
Department of Environmental Protection and the Massachusetts Registry of Motor
Vehicles claims automobiles cause forty percent of the airborne pollution in their state.”

The key to the future of the hybrid vehicle is to expand the consumer’s options.
Currently only the Toyota Prius and the Honda Insight are being mass-produced for
consumers. With only two models available and a higher initial price than comparable
models there is only a very small demand for these vehicles among consumers.
Fortunately, nearly all vehicle companies have been working on their own hybrid vehicle
projects.

The Ford Motor Company will be releasing their reinvented Ford Escape hybrid
vehicle in the year 2003.% This will be the first gas—electric Sport Utility Vehicle
available to the consumer, a critical move for the hybrid industry due to the popularity of
the SUV market at this point. With emissions low enough to fit the SULEV standard
Ford hopes their new SUV will open up the market, offering consumers the choice of a
larger more secure clean vehicle.™

Toyota also has very recently released the Estima Hybrid, unfortunately available
only in Japan at this point. The Estima, although not as clean as the Prius, is rated as a
Low Emissions Vehicle. “It is the world's first hybrid-powered 4x4 monospace vehicle
(Minivan).”™"  Seating up to 7 people the Estima is the first hybrid four-wheel drive
vehicle, another step in a clean direction."

The addition of hybrid vehicles, although crucial to the continued growth of their

market, is only a part of successfully reducing the emissions of vehicles, hybrid and



otherwise. New technologies that we will find in future vehicles present a world of
options for reducing emissions. Regenerative braking, which is already incorporated in
hybrid vehicles, is a means to return friction energies to the batteries of the vehicle.
Advancements in regenerative brakes will lead to more efficient and better systems of
energy reclamation. A new development by the Ford company known as vehicle launch
assist is able to reclaim the energies used in bringing a vehicle to a stop by storing it as
hydraulic pressure; when the vehicle accelerates from stop the hydraulic pressure is
released, thereby eliminating the large amounts of fuel used to move a resting vehicle.™"

It is only in our best interest to examine cleaner ways with which to travel. In
fact, of the general public who use some form of transportation to get to work, only 5.2

I.XVi

percent use a form of public transportation and only twice that number carpoo



Methodology:

The first step in determining whether the hybrid car will have any effect upon the
environment is to analyze the situation into which it will be placed. The city of
Worcester, the second largest city in Massachusetts, contains a populace that needs to
move, whether to work or play. No matter what form of transportation they choose there
will be some impact upon the environment, excepting some forms of transit such as
walking, bicycling, or another zero emissions activity. As 80% of the Massachusetts
population owns automobiles we feel it is safe to assume that the population of our city
represents the driving population.

Determining the exact population of Worcester drivers is a rather complicated
task. Using the percentage above above, we simply need to determine what the
Worcester population is. Worcester County, not city, is listed as having a population of
751,000, and Worcester City, 173,000, but neither of these figures was used because the
Worcester City data fails to take into account travelers from outside the city, and
Worcester County incorporates people who may very well never set foot in Worcester
City. The population that will best serve our study actually comes from the U.S.
Department of Labor, Bureau of Labor Statistics; there are 254,900 civilian laborers in
the Worcester Metropolis area. This figure contains the Worcester City population and
all the individuals who may travel from outside the city for work.

To examine the amount of pollution produced by the vehicles traveling in the city
of Worcester we assume that a vehicle traveling into, through, or out of the city travels a

certain distance. Worcester has an average diameter of approximately 6.9 miles, and



therefore each vehicle will travel 7 miles. This should account for vehicles traveling
more or less than this distance in the city. It is assumed that each vehicle is driven 365
days per year, 261 of which are weekdays, and 104 of which are weekends. On a
weekday the average vehicle will be driven to and from work, 7 miles in each direction,
and on a weekend the vehicle will be driven 3.5 miles in each direction for pleasure
purposes. Note that this does not take into account the fact that some vehicles are driven
more or less than this in real life, whether on long trips or not being used at all for that
day this merely reflects an average amount of miles produced in Worcester city by
repetitive behavior such as commuting.

With automakers cranking out new models every year, and the popularity of
certain types of automobiles growing and shrinking, the actual percentage of each type of
vehicle on the road, SUV’s, pickup’s, small cars, medium-sized cars, etc., is hard to
determine. Here we can make the assumption that the percentage of each vehicle type on
the road is also reflected in the number of models of that have been sold, or designed.
Although this seems sound, we felt that in the interest of a correct, local sample, actual
traffic should be examined (the models produced figures can be found in Appendix I,
Table 6). Table 3 shows the data gathered from traffic samples in the city of Worcester.

Approximately 1500 vehicles make up the data sample.

Table 3 - Percentage of Vehicle Types in Worcester

New ) Old
Light Duty Trucks 28 Light Duty Trucks 20
Small Cars 21 Small Cars 20
Midsize/Large Cars 51 Midsize/Large Cars 60
’Total 100% Total 100%
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Large commercial and industrial vehicles will not be included in our study due to the near

impossibility of replacing these vehicles with the current hybrid technology.

The Worcester sample data is then broken down even further to determine the age
distribution of the vehicles traveling the streets. Table 4 shows the breakdown that is
used to do the emissions analysis. The age classifications are divided in such a way as to

correspond to dates EPA regulations were enacted."

Table 4 - Age Distribution of Vehicles on the Road (Percent)

{ 1996-2002 45
1992-1995 30
1982-1991 22

‘ Pre 1982 3

| Total 100%

The results of the Worcester traffic samples are applied to the following
categories of vehicles in order to obtain the fully decomposed distribution of vehicle
types in Worcester. Table 5 shows the factors that are applied to new vehicles to obtain a

detailed decomposition according to the recent EPA standards.

Table S - Tabulated Vehicle Distribution for New Vehicles (Percent)

LDT Small Cars Mid/Large Cars |

ZEV 0.21 0.26 0

SULEV 0.86 1.06 0.36
ULEV 4.5 15.04 19.13
LEV 51.82 65.17 70.4
TLEV 15 95 7.94
Tier 1 41.11 8.97 2.17
Total 100% 100% 100%




For vehicles older than the 1996 model year, the only decomposition that will be

recognized is whether the vehicles are Light Duty Trucks (LDT) or Light Duty Vehicles

(LDV). To make this calculation, take the values of small cars and midsize/large cars

from Table 1 and add them together. Eighty percent of the older vehicles are LDV’s, and

twenty percent are LDT’s. The final breakdown is as follows:

e “New” Vehicles (model years 1996-2002)

o Light Duty Trucks (LDT) which include Pickup Trucks, SUV’s, and Vans

Tier 1

Traditional Low Emissions Vehicle (TLEV)
Low Emissions Vehicle (LEV)

Ultra Low Emissions Vehicle (ULEV)

Super Ultra Low Emissions Vehicle (SULEV)
Zero Emissions Vehicle (ZEV)

o Small Cars

Tier 1

Traditional Low Emissions Vehicle (TLEV)
Low Emissions Vehicle (LEV)

Ultra Low Emissions Vehicle (ULEV)

Super Ultra Low Emissions Vehicle (SULEV)

e Zero Emissions Vehicle (ZEV)
o Midsize to Large Cars

o Tierl

Traditional Low Emissions Vehicle (TLEV)
Low Emissions Vehicle (LEV)

Ultra Low Emissions Vehicle (ULEV)

Super Ultra Low Emissions Vehicle (SULEV)
Zero Emissions Vehicle (ZEV)

e “0ld” Vehicles (Vehicle manufactured before model year 1996)
o 1992 thru 1995 model year vehicles
e Light Duty Trucks (LDT’s)
e Light Duty Vehicles (LDV’s)
o 1982 thru 1991 model year vehicles
e Light Duty Trucks (LDT’s)
e Light Duty Vehicles (LDV’s)
o Vehicles manufactured before 1982
e Light Duty Trucks (LDT’s)
e Light Duty Vehicles (LDV’s)
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Due to the strict EPA regulatory process involved with the manufacture and use
of automobiles recently, emissions statistics can be found for each model of automobile
sold to the public. These statistics, shown in Table 6, are then applied directly to the

vehicle distribution listed above.

Table 6 - Emissions Data (Grams/Mile)

co { NOXx HC
New Vehicles
ZEV 0 0 0
SULEV 1 0.02 0.01
ULEV 1.7 0.2 0.048*
LEV 34 0.2 0.09*
TLEV 34 0.4 0.14*
Tier 1 4.2 0.6 0.31
Old Vehicles
LDV ('92-'95) 34 1 0.41
LDT ('92-'95) 10 1.2 0.67
LDV ('82-'91) 4.2 1 0.80**
LDT ('82-'91) 10.9*** 1.2 0.80**
LDV (Pre '82) 23.8*** 2.3%* 1.9***
LDT (Pre '82) 24 1™ 2.7 2.2%*

* HC is calculated by NMOG + HCHO
** In this timeframe, HC was not regulated. Instead, Volatile Organic Compounds (VOC)
were the standard and will be considered nearly equivalent to HC.

*** Average Value

The EPA relaxes the emissions regulations of vehicles as they age. In accordance
with the EPA regulation relaxation over time, older vehicles will be based on statistics of
5 years/ 60,000 miles or 10 years/100,000 miles for each specific vehicle category. ™
The accuracy of this data allows us many avenues upon which to pursue the problem of

determining the emissions released by the automobiles currently running Worcester’s

roads.
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The hybrid vehicles, which fit into an EPA ranking shared by virtually no other
vehicle, represent the cleanest form of gasoline based internal-combustion transportation
available, SULEV. It is safe to assume that at some point in the not too distant future the
hybrid vehicle will become a more popular and cost efficient choice for consumers, and
therefore the presence of them on today’s streets may just foreshadow their presence in
future years. To examine the benefits of this change, we propose to numerically change
certain percentages of New and Old small cars, midsize/large cars and minivans, and
SUV/pickup’s and large vans into hybrid vehicles with emissions that reflect the SULEV
cutoffs. Converting the aforementioned percentages of each vehicle type to the SULEV
standard and reworking the pollution equations can achieve this.

These calculations allow the prediction of a change in total emissions as certain
percentages and types of automobiles are replaced with hybrid vehicles. This allows us
the ability to make recommendations as to which type of vehicle is best suited to hybrid
technology, in terms of greatest reduction in emissions. The calculations will also prove
whether or not the hybrid vehicle is a worthy venture, and whether this technology will
really help mankind towards a cleaner future.

To this point calculations have been for the chemicals HC, CO, and NOx, another
very important gas to be aware of is CO,. CO; is not examined in depth in this study due
largely to the absence of any federal regulations on automobile emissions when it comes
to this gas. CO; is one of the largest volumes of green house gases released every year,
and is therefore important enough that we mention it here.

Tailpipe emissions are inextricably tied to the amount of fuel used by an internal

combustion engine, therefore the better miles per gallon a vehicle can achieve, the less
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pollutants. CO, for example has a very direct relationship with the combustion of
gasoline, for every gallon of the fuel burned 20 pounds of CO2 will be released into the
atmosphere. Examining the fuel efficiencies of a hybrid vehicle when compared to the
average efficiency of on road vehicles can give us a fairly good idea of the pollution

reductions we incur with each Hybrid vehicle added to the road.
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Results:

The following Figures display the results of the calculations done with regards to
the amount of pollution in several test cases. Each graph represents a different test case
in which a noted percentage of automobiles from a certain category were replaced with
Hybrids.

Figure 1- Replacing 25% of all Vehicles with
Gas-Electric Hybrids Vehicles
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Figure 2 - Replacing 50% of all Vehicles with
Gas-Electric Hybrids Vehicles
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Figure 3 - Replacing 100% of all Vehicles with
Gas-Electric Hybrids Vehicles
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Figure 4 - Replacing 100% of all Old Vehicles with
Gas-Electric Hybrids Vehicles
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The results from the four preceding scenarios show us that replacing conventional
vehicles with hybrid vehicles can be very advantageous. The results in fact show us that

if we were to phase out only the “old” vehicles with hybrids we could reduce the

17



pollution by nearly the same amount as by replacing approximately 75 percent of all

vehicles.

Another area of interest is determining which type of vehicle is best suited for
hybrid technology. The following three charts show the linear reduction in emissions, for

our three focus chemicals. In this test we replaced Small Cars and compared the outcome

to replacing Light Duty Trucks; SUV’s, pickups, large vans.

Figure S - Total CO Emissions, Replacing
Small Cars vs LDT's
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Figure 6 - Total HC Emissions, Replacing Small
Cars vs LDT's
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Figure 7 -Total NOx Emissions, Replacing
Small Cars vs LDT's
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It is obvious that replacing the more popular heavily polluting LDTs will reduce

the emissions by a far greater amount than merely replacing an already clean vehicle.

When examining the replacement of all vehicles with Hybrid vehicles we

discover a linear relationship between the number of vehicles replaced and the amount of

pollution reduced.

Figure 8 - Pollution Reduction
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One can see from the graph that if all vehicles currently on the road where
replaced by Hybrids we would produce merely 16% of our current pollution tonnage.

Examining the Hybrid impact on CO; shows similar trends and the other
chemicals we have looked at so far. An addition of Hybrid vehicles will result in a nearly

linear decrease in the tonnage of CO, released into the atmosphere.

Figure 9 - CO2 Scenarios
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The following three figures are based upon EPA data collected through 1998"*,
Data after 1998 is projected from the calculations preformed on Worcester, MA and has
been expanded to encompass national emissions trends. In all cases, current trends from
all polluting sources were projected and then emissions due to automobiles were reduced

according to the following proposal:

e Within five years 10% of all automobiles will be hybrids
e Within ten years 25% of all automobiles will be hybrids
e Within fifteen years 50% of all automobiles will be hybrids

e After twenty years all automobiles will be hybrids
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Emissions (million short tons)

Pollution Timeline 1 — Carbon Monoxide Trend

Trend in CARBON MONOXIDE Emissions
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Pollution Timeline 1™ is a representation of the national trend in carbon

monoxide emissions and a prediction of future trends. Fuel Combustion, (power plants,

home heating, etc) currently accounts for approximately seven to ten percent CO

emissions and is not increasing nor decreasing significantly. /ndustrial Processing,

(manufacturing, chemical processing, etc) CO emissions are also remaining fairly

constant at about seven percent of the total. On-Road (automotive) sources show the

largest amount of pollution, and also the largest variation in this figure. Non-Road

(construction equipment, lawn mowers, etc) show a slight increasing trend in CO

emissions, however during the decade of the 1990’s the trend begins to level out.

Miscellaneous sources have held relatively constant for the past several decades.
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Prior to 1970, there was no significant restriction on automotive emissions. As the
number of vehicles increased, the CO emissions increased proportionally. In the early
1970’s, the catalytic converter was introduced to new vehicles and the affect in the CO
emissions is clearly obvious in Pollution Timeline 1 as the trend peaks and begins to
decrease. Since that time, technology has been increasing that can lower CO emissions
such that there is a decreasing trend in auto emissions. In the prediction of future trends,
CO emissions can be reduced significantly by the implementation of hybrid vehicles. By
the year 2020, it is proposed that total CO emissions from automobiles will be less than
ten percent of the total CO emissions, and the total CO emissions could be half of what
they are currently. After 2020 there will be a national annual savings of approximately 25

million tons of CO if hybrid vehicles are implemented as proposed.

Pollution Timeline 2 - Nitrous Oxide Trend
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Unlike the carbon monoxide trend, the nitrous oxide trend shown in Pollution
Timeline 2™ does not show a significant decline in total emissions through the year
2000. Fuel Combustion, On-Road, and Non-Road sources account for the majority of
NOx emissions. Since the 1970’s these sources show a leveling out of NOx emissions
with no indication of a decline. But if the hybrid vehicle proposal were implemented, by
year 2020 there would be an annual savings of twelve million tons of nitrous oxide
emissions nationally. The air quality in terms of NOx pollutants would be back to a level

similar to what it was in the 1960’s.

Pollution Timeline 3 - Volatile Organic Compound Trend

Trend in VOLATILE ORGANIC COMPOUND Emissions
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Pollution Timeline 3" shows the trend in volatile organic compound emissions
in the United States. Note that there 1s an additional category in this figure that was not
present in the previous two figures — Solvent Utilization. Solvent Utilization consists of

VOC emissions caused by the use of products like paint thinner, aerosol sprays, and
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disinfectants™"". This category is responsible for nearly one quarter of all VOC
emissions. Automotive sources are also currently responsible for approximately twenty-
five percent of volatile organic compound emissions. Since the 1970’s there has been a
decreasing trend in automotive VOC emissions, but the implementation of the hybrid

proposal will accelerate the decrease. By 2020, the hybrid vehicles will be saving the

nation about nine million tons of VOC emissions annually.
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Conclusions:

The gradual introduction of hybrid vehicles into the automotive market place will
yield startling changes in lives and pollution statistics across the globe. Wherever
vehicles are heavy polluters we will see a drastic drop in the amount of pollution
produced per vehicle, meaning cleaner air for everyone. Bearing in mind that the hybrid
vehicle is not pollution free, but merely vastly cleaner by today’s standards than nearly
every other vehicle on the road, we can calculate our reduction in pollution from today’s
emissions output.

If Congress passed a bill tomorrow that mandated a replacement of a percentage
of the vehicles on the road with hybrid vehicles we could expect some of the following
changes. If we were to replace 10% of all vehicles currently on the road with hybrid
vehicles we would see an 8.4% decrease in the amount of pollution produced by
automobiles. A 25% hybrid substitution would yield a 21% reduction, 50% substitution
would yield 42% reduction, and if 100% of the vehicles on the road were hybrid vehicles
the yearly output would be 84% less than it is today.

Similar to EPA efforts to clean skies, a gradual implementation of a series of
requirements for new vehicles resulting in an increased presence of hybrid vehicles on
the road would lead to drastic reductions in annual pollution by automobiles. Realizing
that a 100 percent replacement of vehicles with hybrids is not necessarily feasible nor the
correct solution at this time, one must bear in mind that each non-hybrid vehicle replaced
with a hybrid is a substantial pollution savings.

The most fortuitous immediate solution to lowering the pollution output of

vehicles each year would be to implement a phase out of older vehicles, whether with
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merely newer model vehicles, or with hybrids this would vastly decrease the annual
pollution output. Vehicles produced before 1996 a mere 55% of the on road vehicles at
this time account for nearly 80% of the pollution produced each year. Ideally these
vehicles should be replaced by hybrids similar to simply eliminating 55% of the polluting

vehicles on the road.
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Appendix I:

The following emissions data was obtained from the Code of Federal Regulations, 40 CFR

part 86 subpart R.
Table 1 - Emissions Standards
Pollutant Current Federal Standard — Tier 1
(grams/mile)
HC® 0.31
co’ 4.2
NO,° 0.6

Table 2 - A Comparison of Emissions Standards

| Pollutant Clean Car Campaign — Current Federal Standard — Tier 1 | Reduction
SULEV Standard (grams/mile) (percent)
(grams/mile)
HC 0.01 0.31 97%
CO 1.0 4.2 76%
NOy 0.02 0.6 97%

Table 7 - Percentage of Vehicle Types in Worcester

New Old
Light Duty Trucks 28 Light Duty Trucks 20
Small Cars 21 Small Cars 20
Midsize/Large Cars 51 Midsize/Large Cars 60
Total 100% Total 100%

* HC : Hydrocarbons.
5 CO : Carbon Monoxide.
® NO, : Nitrous Oxides.
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Table 8 - Age Distribution of Vehicles on the Road (Percent)

1996-2002 45
1992-1995 30
1982-1991 22
Pre 1982 3
Total 100%

Table 9 - Tabulated Vehicle Distribution for New Vehicles (Percent)

LDT Small Cars Mid/Large Cars

ZEV 0.21 0.26 0

SULEV 0.86 1.06 0.36
ULEV 4.5 15.04 19.13
LEV 51.82 65.17 70.4
TLEV 1.5 9.5 7.94
Tier 1 41.11 8.97 217
Total 100% 100% 100%

Table 10 - Emissions Data (Grams/Mile)

co | NOx HC
New Vehicles
ZEV 0 0 0
SULEV 1 0.02 0.01
ULEV 1.7 0.2 0.048*
LEV 34 0.2 0.09*
TLEV 34 04 0.14*
Tier 1 4.2 0.6 0.31
Old Vehicles
LDV ('92-'95) 34 1 0.41
LDT ('92-'95) 10 1.2 0.67
LDV ('82-'91) 4.2 1 0.80**
LDT ('82-'91) 10.9*** 1.2 0.80**
LDV (Pre '82) 23.8*** 2.3 1.9%*
LDT (Pre '82) 24 *** 2.7 2.2%**

* HC is calculated by NMOG + HCHO

** In this timeframe, HC was not regulated. Instead, Volatile Organic Compounds (VOC)
were the standard and will be considered nearly equivalent to HC.

*** Average Value
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Table 6 - EPA Ranking percentages for the 2001 Model Year

SUV-Pickup-Van Total 467 % of Total
LEV 242 51.82
TLEV 7 1.50
T1 192 41.11
ULEV 21 4.50
SLEV 4 0.86
ZEV 1 0.21
Large-Mid-Minivan _ Total 277 % of Total
LEV 195 70.40
SLEV 1 0.36
T1 6 2.17
TLEV 22 7.94
ULEV 53 19.13
Small Car Total 379 % of Total
LEV 247 65.17
SLEV 4 1.06
T1 34 8.97
TLEV 36 9.50
ULEV 57 15.04
ZEV 1 0.26

Compiled from the EPA Green Vehicle Guide.

Figure 1- Replacing 25% of all Vehicles with
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Figure 2 - Replacing 50% of all Vehicles with
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Figure 3 - Replacing 100% of all Vehicles with
Gas-Electric Hybrids Vehicles

7000
6000
5000
4000
3000
2000
1000

0

Total CO NOx HC

E100% SULEV M Current

30



Pollution (tons)

Figure 4 - Replacing 100% of all Old Vehicles with
Gas-Electric Hybrids Vehicles
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Figure 6 - Total HC Emissions, Replacing Small
Cars vs LDT's
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Pollution Timeline 4 — Carbon Monoxide Trend
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Pollution Timeline 6 - Volatile Organic Compound Trend
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Appendix ll:

Carbon Oxides — Also referenced as CO and CO,.

Carbon Dioxide - A colorless, odorless, incombustible gas, CO,, formed during
respiration, combustion, and organic decomposition and used in food
refrigeration, carbonated beverages, inert atmospheres, fire extinguishers, and
aerosols. Also called carbonic acid gas. ™"

Carbon Monoxide — A colorless, odorless, highly poisonous gas, CO, formed by
the incomplete combustion of carbon or a carbonaceous material, such as
gasoline. ™"

Carcinogens — Substances that increase the risk of neoplasms in humans or
animals. Both genotoxic chemicals, which affect DNA directly, and nongenotoxic
chemicals, which induce neoplasms by other mechanisms, are included. *"*

Emission — Pollutants spewed from an internal-combustion engine.

Hydrocarbons — Also referenced as HC. Any of numerous organic compounds,
such as benzene and methane, that contain only carbon and hydrogen.™™

Hybridization — The combination of electric and internal-combustion engines to
create a new engine which benefits from both technologies.

Internal-combustion Engine - An engine, such as an automotive gasoline piston
engine or a diesel, in which fuel is burned within the engine proper rather than in
an external furnace, as in a steam engine. "

Nitrous Oxides — Also referenced as NOx. Nitrogen oxides (NO, NO,, and NOs_;
or NOy for short) are exhaust products from factories and automobiles. NOx is
produced during the high temperature combustion of all fossil fuels. In addition to
contributing to ozone formation, some nitrogen oxides, such as NO, (nitrogen
dioxide), are corrosive by themselves and can cause respiratory problems. ™

Low Emission Vehicle — (LEV) An intermediate California standard about twice
as stringent as Tier 1.

Super Low Emission Vehicle — (SLEV or SULEV) a California standard even
tighter than ULEV and prohibiting emissions of fuel vapors. **

Tier 1 — (T1) The prevailing Federal (EPA) standard .**"
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Transitional Low Emission Vehicle — (TLEV) The weakest California standard

XXXiii

Ultra Low Emission Vehicle — (ULEV) A stronger California standard
emphasizing very low HC emissions ***"

Zero Emission Vehicle — (ZEV) A California standard, prohibiting any tailpipe
emissions "
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Sources:

"History of the Electric Automobile Hybrid Electric Vehicles, Emest H. Wakefield, Society of Automotive
Engineers, PA, 1998, pg. 18-21

" Formaldehyde : http://www.lindane.org/chemicals/formaldehyde.htm

" Milestones in Auto Emissions Control : http://www.epa.gov/otag/12-miles.htm

" The Clean Car Campaign | Green Vehicle Standard:
http://www.cleancarcampaign.org/standard.html

¥ The Clean Car Campaign | Green Vehicle Standard:
http://www.cleancarcampaign.org/standard.html

" GreenCars.com, the green book online: http://www.greenercars.com/byclass.html

™ About the EPA’s rating system : http://www.epa.gov/autoemissions/about.htm

"™ Air Quality Statistics by City, United States Environmental Protection Agency - Office of Air
and Radiation, 2000

" MHD Transportation facts: http://www.state.ma.us/mhd/transfacts.htm

* MRMV-MDEP: http://www.vehicletest.state.ma.us/fags.htm

“ Hybridcars.com : http://www.hybridcars.com/ford_escape.htm

™ Ford HEV : http://www.hybridford.com/index.asp

" Toyota.com : http://motorshow.toyota-europe.com/g/g01_30.html

¥ Toyota.com : http://motorshow.toyota-europe.com/g/g01_30.html

* Sunday Telegram, Worcester, Mass.,01/27/2002 Section J

' P047. MEANS OF TRANSPORTATION TO WORK FOR WORKERS 16 YEARS AND OVER - Universe:
Workers 16 years and over, US Census Bureau, 2000 Census

™ Center for Transportation Analysis, National Public Transportation Survey 1995

“™ Code of Federal Regulations, 40 CFR part 86 subpart R

™ National Air Pollutant Emission Trends, 1900-1998 United States Environmental Protection
Agency — Office of Air Quality Planning and Standards, March 20001

“ Expanded from Figure 3-2: Trend in Carbon Monoxide Emissions, 1940-1998, National Air
Pollutant Emission Trends, 1900-1998 United States Environmental Protection Agency — Office
of Air Quality Planning and Standards, March 2001. pp 3-22

" Expanded from Figure 3-3: Trend in Nitrogen Oxide Emissions, 1940-1998, National Air
Pollutant Emission Trends, 1900-1998 United States Environmental Protection Agency — Office
of Air Quality Planning and Standards, March 2001. pp 3-23

" Expanded from Figure 3-4: Trend in Volatile Organic Compound Emissions, 1940-1998,
National Air Pollutant Emission Trends, 1900-1998 United States Environmental Protection
Agency — Office of Air Quality Planning and Standards, March 2001. pp 3-24

YW The Inside Story: A Guide to Indoor Air Quality United States Environmental Protection
Agency and the United States Consumer Product Safety Commission Office of Radiation and
Indoor Air (66047J)

EPA Document # 402-K-93-007, April 1995

37



Appendix 11

Y http://www.dictionary.com

" http://www dictionary.com

' http://www.dictionary.com

™ http://www.dictionary.com

Y http:/www.dictionary.com

% http://www.neci.sr.unh.edu/glossary/nox.html
“* http://www.aceee.org/greenguide/tab-temp.htm
“* http://www.aceee.org/greenguide/tab-temp.htm
" http://www.aceee.org/greenguide/tab-temp.htm
M http://www.aceee.org/greenguide/tab-temp.htm
W http://www.aceee.org/greenguide/tab-temp.htm
Y http://www.aceee.org/greenguide/tab-temp.htm
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Calculations



Replacing 10% of all new Vehicles w/Hybrids billion_miles := 10°-mi

Assumptions: million_miles := 106-mi
Vehicles traveling through Worcester Travel an average of 7 miles each
Travel distance := 7-mi
Work days := 261-day
Week ends := 104-day
City Data:
Worcester_population := 254900  people
Vehicles_per_person = 0.79

Percentages of Vehicle Types:
Newer Vehicles:
SUV := 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:

SUVgjq=020  SmCyjq:=020 LMMgq:=0.60  LDT% := SUV 4

ol

Age distribution of Vehicles on the Roads: LDC% = SmCojq + LMM)q
1996 - 2002 Vg0, = 0.45-(0.90) V9%, o\, = 0.45
1992 -1995 Vg5 := 0.30
V%giq = 0.55 55% of all worcester vehicles are
1982 - 1991 Vgyg := 0.22 “old"”

Transitional Low Emissions Vehicle Data:

gm gm
TLEV_NMOG := 0.125- 22 TLEV_NOx := 0.4- 22
mi mi
TLEV_CO := 3.4-8% TLEV_HCHO := 0.015-£2
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO

TLEV HC = 0.14E2
mi

Low Emissions Vehicle Data:

LEV NMOG := 0.075- 2% LEV NOx := 0.2. 81
mi mi
LEV CO = 3.4.88 LEV_HCHO = 0.015.£2
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.0922
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-£% ULEV NOx := 0.2. 85
mi mi
ULEV_CO = 1.7.£2 ULEV_HCHO := 0.008-£2
mi mi

ULEV HC := ULEV NMOG + ULEV_HCHO

ULEV_HC = 0.048 22
mi
Super Low Emissions Vehicle Data:
SLEV_CO = 1.0-22 SLEV_HC := 0.01-22 SLEV NOx := 0.02. 82
mi mi mi
Zero Emissions Vehicle Data:
ZEV_CO = 0-£2 ZEV_HC = 0- 88 ZEV_NOx = 0-£%
mi mi mi
Tier 1 Emissions Data:
T1 CO = 42.82 T1 HC = 031.22 T1 NOx := 0.6- 2%
mi mi mi

Tabulated Vehicle Distribution for New Vehicles:

0.21
SUV_ZEV _percentage := W LMM_ZEV_percentage := 0
0 0
SUV_SLEV percentage := — LMM SLEV percentage :== —
100 100
4.5 19.13
SUV_ULEV_percentage := — LMM_ULEV_percentage := ———
100 100
51.82 70.40
SUV_LEV percentage := ——— LMM LEV percentage := ———
- 100 100
: 1.5 7.94
SUV_TLEV percentage == — LMM TLEV_percentage := ——
100 - - 100
41.11 2.17
SUV_T1_percentage == —— LMM TI1 percentage := ——
100 100
0.26 65.17
SmC_ZEV percentage == —— SmC_LEV_percentage := ———
- P ¢ 100 - -f ¢ 100
SmC_SLEV t 0 SmC_TLEV t 95
m ercentage = —— S ercentage := ——
- P & 100 - P ¢ 100
15.04 8.97
SmC_ULEV_percentage := ——— SmC_T1 percentage := ——

100 100



Percentages of Each New Vehicle Type Observed on the Road:
SmC on road := .2395 LMM on_road := .5418
SUV_on road := 2187

Equations:

Number of Vehicles := 1.0-Worcester_population- Vehicles per person
Number of Vehicles = 201371
2
Commuter_miles := (Travel_distance)-[d—j-(Workdays)-(Number‘of_Vehicles)
ay

Commuter miles = 0.736 billion_miles driven per year

Commuter_miles
Number_of Vehicles

Avg_commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg _commuter miles :=

Weekend miles = (MJ.[L

-(Week_ends)-(Number of Vehicles)
2 day

Weekend miles = 146.598 million_milesriven per year

Weekend_miles
Number_of Vehicles

Avg_weekend miles := Avg_weekend miles = 728 mi
per vehicle

driven per year

Total Worcester miles := Weekend miles + Commuter miles Total Worcester miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = VYogo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOXx) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOXx) ...
+ (Total Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_NOx) ...
+(Total Worcester miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOXx) ...
+ (Total Worcester miles)-(SUV_on road)-(SUV_LEV_percentage)-(LEV_NOX) ...
+ (Total_Worcester miles)-(SUV_on road)-(SUV_ULEV percentage)-(ULEV_NOx)

SUVpoy = 2855 107 gm

SUVyc = Vogoo'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total Worcester miles)-(SUV _on road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_HC)

7
SUVe = 1.394x 10 gm



SUV = Vogoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on road)-(SUV_T1 percentage)-(T1 CO) ...
+ (Total_Worcester_miles)-(SUV_on _road)-(SUV_TLEV percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_CO)

8

Emissions Due to New Small Cars

SmCyy = Vogoo'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOX) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester _miles)-(SmC_on_road)-(SmC_T1 percentage)-(T1 NOXx) ...
+ (Total Worcester miles)-(SmC_on_road)-(SmC_TLEV percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC LEV percentage)-(LEV_NOX) ...
+ (Total_Worcester_miles)-(SmC on road)-(SmC _ULEV_percentage)-(ULEV_NOx)

7
SmCxy = 2:159 % 10" gm

SmCpy = Vggo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester miles)-(SmC _on road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1 HC) ...
+ (Total Worcester miles)-(SmC_on_road)-(SmC_TLEV percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC on road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCyyc = 9.156 x 106gm

SmCrq = Vggy'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_T1 percentage)-(T1_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC _TLEV percentage)-(TLEV_CO) ...
+ (Total Worcester miles)-(SmC on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester miles)-(SmC on road)-(SmC_ULEV_percentage)-(ULEV_CO)

SmCeq = 2.714 x 108 gm



Emissions Due to New Large-Medium cars and Minivans

LMMy oy = Voggpo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_NOx) ...

+ (Total Worcester_miles)-(LMM_on_road)-(LMM_SLEV _percentage)-(SLEV_NOX) ...
+ (Total Worcester_miles)-(LMM on road)-(LMM_T1 percentage)-(T1 NOx) ...
+(Total_Worcester_miles)-(LMM _on_road)-(LMM_TLEV percentage)-(TLEV_NOX) ...
+ (Total_Worcester miles)-(LMM _on_road)-(LMM LEV percentage)-(LEV_NOXx) ...

+ (Total Worcester miles)-(LMM _on_road)-(LMM ULEV_percentage)-(ULEV_NOx)

;
LMMy 0 = 4334 10" gm

LMMyyc = Vggoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...

LMM¢( = Vgg0p°

+ (Total Worcester_miles)-(LMM on road)-(LMM_SLEV percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TI1 percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM_ on_road)-(LMM_TLEV percentage)-(TLEV_HC) ...
+(Total_Worcester miles)-(LMM_on_road)-(LMM_LEV percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_HC)

LMMpc = 1.75 % 107 gm

(Total_Worcester miles)-(LMM_on_road)-(LMM ZEV percentage)-(ZEV_CO) ...

+ (Total Worcester _miles)-(LMM on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM on_road)-(LMM_T1 percentage)-(T1_CO) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TLEV _percentage)-(TLEV_CO) ...
+ (Total _Worcester miles)-(LMM_on_road)-(LMM _LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

LMMg, = 5.964 x 10° gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dul

Trucks (LDT)

Recalculated Old Vehicle Distributions

LDVOId = SmCOld + LMMO]d LDVOId =0.8

x100 percent distribution

LDTOId = SUVOld LDTOId =0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

. gm 5 . gm 9 o gm
LDV_9295¢( 1= 3.4-==  LDV_9205pc 1= 041" LDV 92950, i= 1.0-—=
LDT_9295¢ = 102 LDT 9295y = 0.67==  LDT 92950, i= 1.2

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the

standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

gm gm
LDV 829100 = 4250 LDV_8291y o i= 0.80-50
mi mil
10-8+18
LDT 829100 = ———E2 LDT 8291y = 0.80- 5=
mi mi
Pre 1982 Data:
23-2+39-3+15-
LDV_P82(qy = ot 03X 133 8mypy pgy
10 mi
343+ 1.55+041:2 gm
LDV_P82y ¢ = £
- ovoc 10 mi
39-3+20-5 + 18-4
LDT_P82¢q = EL DT P82y
12 mi
33+3.1:4+23:6
LDT_P82y0y = £

13 mi

. gm
LDV_8291N0y = 1.0

gm

LDT 8291 = 1.2
— NOx mi

_3:3431-2+2:4+12 gm
11

mi

3 34.34+24+1.7-6 gm
- 13 i

mi



Emissions Calculations:
1992 - 1995
LDV9295-( := Vgogs-(Total_Worcester_miles)-LDV_9295~-LDC%

LDT9295¢( = Vgog5-(Total_Worcester_miles)-LDT_9295--LDT%

LDV9295 - = 7.2x 10° gm

LDT9295¢0 = 5294 x 10° gm

LDV9295N\0x = Vgpgs-(Total_Worcester_miles)-LDV_9295x;0, LDC% LDV9295yy = 2.118 x 108 gm

LDT9295N0x = Vogog5-(Total_Worcester_miles)-LDT_9295 LDT% LDT9295y 0y = 6.353 x 107 gm

LDV92951c = Vgpg5-(Total_Worcester_miles)-LDV_9295¢~LDC%

LDT9295yc = Vgogs (Total_Worcester_miles)-LDT_9295p;~LDT%
1982-1991

LDV8291 - := Vgog-(Total_Worcester_miles)-LDV_8291 - LDC%

LDT8291 ¢ = Vgpgy-(Total_Worcester_miles)-LDT_8291~ LDT%

LDV9295yc = 8.683 107gm

LDT9295 = 3.547x 10’ gm

LDV8291~ = 6.523 % 108 gm

LDT8291 - = 4.228 x ]08 gm

LDV829150, 1= Vgog;-(Total_Worcester miles)LDV_8291x0,-LDC% LDV8291y o = 1553 10° gm

LDT8291 0, = Vgao1(Total_Worcester_miles)-LDT 829150 -LDT% LDT8291y0, = 4.659x 10’ gm

. 8
LDV8291y,oc = Vgogy-(Total_Worcester_miles)-LDV_8291y,5-LDC% LDV8291y - = 1.242x 10 gm

LDT8291y ¢ = Vgog; (Total_Worcester_miles)-LDT_8291y,-LDT% LDT8291y ¢ = 3.106 x 107 gm

Pre 1982
LDVP82(( := Vpgy-(Total_Worcester_miles)-LDV_P82~-LDC%

LDTP82(( := Vpgy(Total_Worcester_miles)-LDT_P82~~-LDT%

LDVP82\ oy := Vpgy-(Total_Worcester_miles)-LDV_P82y,,-LDC%

LDTP82y0ox = Vpgy-(Total_Worcester_miles)-LDT_P82y;,-LDT%

LDVP82y;oc := Vpgy-(Total_Worcester_miles)-LDV_P82y,~-LDC%

LDTP82y,c = Vpgy(Total_Worcester_miles)-LDT_P82y,5-LDT%

LDVP82- = 5.04 % 108 gm

LDTP820q = 1275 % 10° gm

7
LDVP82yy, = 4.852x 10 gm

7
LDTP82y0y = 1434 x 10" gm

LDTP82yq = 1,157 10" gm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:

COpew = LMMq + SmCq + SUVy LMM( = 657.4ton

SmCCO = 299.2ton

COpew = 1268.1ton SUVc = 311.5ton

Nitrous Oxides:

NOxXey = LMMy oy + SmCNox + SUVN o LMMy 4 = 47.8ton

SmCNOX = 23.8ton

NOXnCW = 103 ton

SUVyQx = 31.5ton
Hydocarbons:

HCHEW = LN[MHC + SmCHC + SUVHC LMMHC = 193 ton

SmC = 10.1ton
HCp oy, = 44.7ton HC

SUVHC = 15.4ton
Total Emissions:

Emissionsne = Conew + NOxpew + HC

w - new

Emissionsnew = 1415.9ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295 () = 793.7ton LDV8291 ¢ = 719ton LDVP82(y = 555.6ton
LDT9295+, = 583.6ton LDT8291¢ = 466 ton LDTP82¢(y = 140.6ton

+ LDVP82CO + LDTP82CO
Nitrous Oxides:
LDV929550x = 233.4ton LDV8291yyx = 171.2ton LDVP82y\ oy = 53.5ton
LDT9295y 0 = 70ton LDT8291oyx = S1.4ton LDTP82y oy = 15.8ton

HydroCarbons and Volatile Organic Compounds:

LDV9295py¢ = 95.7ton LDV8291y,¢ = 137ton LDVP82y ¢ = 43.2ton
LDT9295}4¢ = 39.1ton LDT8291y ¢ = 34.2ton LDTP82y,o¢ = 12.7ton

HC,)g == LDV9295, + LDT9295 - + LDV8291y - + LDT8291y 0 -



Totals for Older Vehicles:
COOld = 3258.5ton NOXOld = 595.3ton HCOld = 362ton

EmiSSiOHSOld = COOld + NOXOld + HCOld

Emissionsold = 4215.8ton

Calculate emissions of a population of SLEV

Number of SLEV := (0.10)-(V% -Worcester population- Vehicles_per person

new)
. . 2
Commuter_milesgy gy = (Travel_dlstance)-(d—J-(Work_days)-(Number_of_SLEV)
ay

Commuter_milesgy gy = 0.033billion_miles  driven per year
Commuter_milesqy g

Avg commuter milesqp gy = 3.654 x IO3 mi
per vehicle
driven per year

Avg commuter_milesq) gy = Nomber of SLEV

Traveldistance] (i
2

Weekend_milesg) gy = ( ] -(Week_ends)-(Number _of SLEV)

day

Weekend milesgy gy = 6.597 million_milesdriven per year

Weekend milesqp gy
Number of SLEV

Avg weekend milesqp gy = \vg_weekend milesqy gy = 728 mi

per venicle
driven per year

Total_Worcester_milesgp gy := Weekend_milesgy gy + Commuter_milesgp gy

Total_Worcester_milesgy gy = 0.04 billion_miles
driven per year
SLEV ¢ = Total_Worcester_milesgy gy-SLEV_CO  SLEV(~g = 43.771ton
SLEVyyc = Total_Worcester_milesg; gy-SLEV_HC SLEVyc = 0.438ton

SLEVy oy := Total_Worcester_milesgy py-SLEV_NOx SLEVyg, = 0.875ton

Total_Emissions := Emissions ., + Emissionsj|q + SLEV g + SLEVy~+ SLEV oy

ol

Total Emissions = 5676.8 ton



COTop = SLEV (g + COg g + COpeny COpgy = 4570.4t0n

NOxq = SLEVy oy + NOxXg g + NOX ey NOx o = 699.2ton
HCpy == SLEVyye + HC g+ HC oy HCp = 407.2ton
Emissionsrlew Emissions 4
Graphl =
2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons




Replacing 10% of all old Vehicles w/Hybrids billion_miles == 10° -mi

Assumptions: million_miles := 106~mi
Vehicles traveling through Worcester Travel an average of 7 miles each
Travel distance := 7-mi
Work_days := 261-day
Week ends := 104-day
City Data:
Worcester _population := 254900  people
Vehicles per person := 0.79

Percentages of Vehicle Types:
Newer Vehicles:
SUV = 0.275 SmC = 0.21 LMM = 0.51
Older Vehicles:

SUVg=020  SmCyq:=020 LMMg4:=060 LDT% :=SUV,y

ol
Age distribution of Vehicles on the Roads: LDC% = SmCojq + LMMo1g

V%,14 = 0.55 55% of all worcester vehicles are
1982 - 1991 Vg1 = 0.22(0.90) "old"

Pre 1982 Vpg, = 0.03-(0.90)

Transitional Low Emissions Vehicle Data:

gm egm
TLEV_NMOG := 0.125-=— TLEV_NOx := 0.4-=—
mi mi
gm gm
TLEV_CO :=3.4-— TLEV_HCHO := 0.015-=—
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO

gm
TLEV_HC = 0.14=—
mi
Low Emissions Vehicle Data:
gm gm
LEV_NMOG := 0.075-2— LEV_NOx := 02-5—
mi mi
LEV_CO = 3.4.88 LEV_HCHO := 0.015- 22
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

gm
LEV_HC = 0.09—

mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-£2 ULEV_NOx := 02-£2
mi mi
ULEV €O = 1.7.82 ULEV_HCHO := 0.008-£2
mi mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 &2
mi

Super Low Emissions Vehicle Data:

SLEV_CO = 1.0.22 SLEV_HC := 0.01-£2 SLEV_NOx := 0.02- 8%
mi mi mi

Zero Emissions Vehicle Data:

ZEV_CO = 0-22 ZEV_HC = 0-8Z ZEV_NOx = 0-£2
mi mi mi

Tier 1 Emissions Data:

T1 CO = 42.88 T1 HC := 031.22 T1 NOx = 0.6-22
mi mi mi
Tabulated Vehicle Distribution for New Vehicles:
0.21
SUV_ZEV percentage = W LMM _ZEV percentage := 0
0 0
SUV_SLEV_percentage := —— LMM SLEV percentage := —
100 100
4.5 19.13
SUV_ULEV percentage := — LMM ULEV_percentage := ——
100 100
51.82 70.40
SUV_LEV_ percentage == ——— LMM LEV percentage .= ——
100 100
1.5 7.94
SUV_TLEV_percentage := — LMM_TLEV_percentage :== ——
- - 100 - 100
41.11 2.17
SUV_T1 percentage == ——— LMM TI1 percentage := ——
100 100
SmC ZEV t 026 SmC_LEV t 63.17
m ercentage ;= —— m ercentage (= ———
- P ¢ 100 - - & 100
0 9.5
SmC_SLEV_percentage := — SmC_TLEV_percentage = ——
- 100 100
15.04 8.97
SmC ULEV_ percentage := ——— SmC_T1_percentage := ——

100 100



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := .2395 LMM on road := .5418
SUV_on_road = .2187

Equations:

Number of Vehicles := 1.0-Worcester_population- Vehicles_per person

Number of Vehicles = 201371

2
Commuter_miles := (Travelﬁdistance)-(d—j-(Work_days)-(Number_of_VehicIes)
ay

Commuter miles = 0.736billion_miles driven per year

Commuter_miles
Number_of Vehicles

. 3 .
Avg_commuter miles = 3.654 x 10” mi
per vehicle
driven per year

Avg commuter miles :=

T 1 dist 2
Weekend_miles := (MJ(

5 }-(Week_ends)-(NumberofVehicIes)

day

Weekend miles = 146.598 million_milesriven per year

Weekend mil
Avg_weekend miles := cekenc mi GI:S Avg weekend miles = 728 mi
Number_of Vehicles per vehicle

driven per year

Total_Worcester_miles := Weekend miles + Commuter miles Total_Worcester_miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogoo'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOXx) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_SLEV percentage)-(SLEV NOX) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1 NOx) ...
+ (Total Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_NOX) ...
+ (Total Worcester miles)-(SUV_on road)-(SUV_LEV percentage)-(LEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_NOx)

SUVpoy = 3172 10" gm

SUVy e = Vggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester _miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1 _HC) ...
+ (Total Worcester_miles)-(SUV_on road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_HC)

;
SUVge = 1.549x 10" gm



SUV (o = Vggoo| (Total Worcester miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TI1_percentage)-(T1 CO) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_TLEV percentage)-(TLEV_CO) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_LEV percentage)-(LEV_CO) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_CO)

8
SUVeg = 3.14x 107 gm

Emissions Due to New Small Cars

SmCNx = Vogoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOX) ...
+ (Total_Worcester miles)-(SmC _on_road)-(SmC_SLEV percentage)-(SLEV_NOX) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_T1 percentage)-(T1_NOx) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOXx) ...
+ (Total Worcester_miles)-(SmC_on road)-(SmC_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester miles)-(SmC on_road)-(SmC_ULEV_percentage)-(ULEV_NOX)

SmCypox = 2:399 % 107 gm

SmCpyc = Vggo'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC_TI1_percentage)-(T1_HC) ...
+ (Total Worcester _miles)-(SmC on road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+(Total_Worcester_miles)-(SmC on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(LULEV_HC)

SmCye = 1.017x 107gm

SmCrq = Vggoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMy0x = Vogoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM on_road)-(LMM_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TLEV percentage)-(TLEV_NOx) ...
+ (Total_Worcester _miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_NOx)

7

LMMyc = Vggop| (Total Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV percentage)-(SLEV_HC) ...
+ (Total Worcester miles)-(LMM_on_road)-(LMM_T1 percentage)-(T1_HC) ...
+ (Total Worcester_miles)-(LMM_on_road)-(LMM_TLEV percentage)-(TLEV_HC) ...
+ (Total_Worcester miles)-(LMM _on_road)-(LMM LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

LMMpc = 1.945x 107 gm

LMM(( = Vggqp| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...
+ (Total Worcester _miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total Worcester miles)-(LMM_on_road)-(LMM_T1 percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(LMM_ on_road)-(LMM_ULEV _percentage)-(ULEV_CO)



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)
Recalculated Old Vehicle Distributions

LDVOld = SmCOld + LMMOId LDVOld =038 o
x100 percent distribution
LDTO]d = SUVOId LDTO]d =0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

gm gm em

LDV_92950( = 3.4=—  LDV_9295c = 0.41-=— LDV 9295y, = 1.0-=—
mi mi mi

—10.80 - gm —10.80

LDT 929500 = 1022 LDT_9295yc = 067 LDT 9295y, = 1.2

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

. gm — gm —108M
LDV_8291¢¢ = 42:=— LDV_8291yo¢ = 0.80-=— LDV_8291y(y = 1.0==
mi mil mi
10-8+ 18 gm gm gm
LDT 8291 = —=— LDT 8291 = 0.80-— LDT 8291 = 12—
— CcO 9 mi — VOC mi — NOx mi
Pre 1982 Data:
23-2+39-3 4+ 155 gm 3:34+3.1:2+2:4+4+1-2 gm
LDV P82 = 2= LDV P82 = 2
- °°CO 10 mi — ““NOx 11 mi
343+155+041-2 gm
LDV P82 = =
- "voc 10 mi
39-34+20-5+ 184 gm 343+24+1.7-6 gm
LDT P82 = S LDT P82 = =
- €O 12 mi - "VoC 13 mi
3-34+3.1-44+23:6 gm
LDT—P82NOX = i

13 mi



Emissions Calculations:
1992 - 1995
LDV9295-( = Vgogs:(Total_Worcester_miles)-LDV_9295~-LDC%

LDT9295¢( = Vgogs-(Total _Worcester_miles)-LDT 9295~ -LDT%

LDV9295-¢ = 6.48 x 108 gm

LDT92951¢) = 4.765 x 10° gm

LDV9295\0x = V9795 (Total_Worcester_miles)-LDV_9295y0, LDC% LDV9295y 0y = 1.906 x 108 gm

LDT9295N0y = Vogogs (Total Worcester_miles)-LDT_ 9295y, LDT% LDT9295yqy = 5718 x 107 gm

LDV9295¢c := Vogpgs (Total_Worcester_miles)-LDV_9295(1~LDC%

LDT9295yyc = Vgngs(Total_Worcester_miles)-LDT_9295;y~LDT%
1982-1991

LDV8291 - = Vgrg1-(Total_Worcester_miles)-LDV_8291 -~ -LDC%

LDT8291 () = Vgyg;-(Total_Worcester miles)-LDT_8291 ¢ LDT%

LDV9295 30 = 7815 10/ gm

LDT9295yc = 3.193 x 107 gm

LDV8291 1y = 5.87x 10° gm

LDT8291 ¢ = 3.805x 10°gm

LDV829150 == Vgyo1-(Total_ Worcester_miles)-LDV_8291y0,'LDC% LDV82915 0, = 1.398x 10° gm

. 7
LDT8291N 0 = Vg9 (Total_Worcester_miles)-LDT_8291y, LDT% LDT82910oy = 4.193x 10 gm

LDV8291y ¢ = Vgog (Total_Worcester_miles)-LDV_8291y;-LDC% LDV8291y g = 1.118 x 108 gm

LDT8291y ¢ = Vgog-(Total_Worcester_miles)-LDT_8291y;LDT% LDT8291yqc = 2.795 x ]07 gm

Pre 1982
LDVP82(-( := VP82-(TotaLWorcesterimiles)-LDV7P82CO-L'DC%

LDTP82¢ := Vpgy(Total_Worcester_miles)-LDT_P82--LDT%

LDVP82y oy = VP82-(TotalfWorcesterimiles)-LDV7P82NOX-LDC%

LDTP82y 0y = Vpgy (Total_Worcester_miles)-LDT_P82y;,-LDT%

LDVP82¢( = 4.536 x 10" gm

LDTP82(y = 1.148 x 10" gm

;
LDVP82y (5 = 4.366 x 10" gm

7
LDTP82y oy = 1.29% 10 gm

LDVP82y, ¢ := Vpgy(Total_Worcester_miles)-LDV_P82y,~-LDC%  LDVP82y, - = 3.53 x ]07 gm

LDTP82y;¢ := Vpgy (Total_Worcester_miles)-LDT_P82y,--LDT%

7
LDTP82y e = 1.041x 10" gm



Total Emissions of New Vehicles, (English Tons):
Carbon Monoxide:

Conew = LMMCO + SmCCO + SUVCO LMMCO = 730.4ton

SmCq = 332.4ton

COpey = 1409ton SUV (- = 346.1ton

Nitrous Oxides:

NOXHCW = LMMNOX + SmCNOX + SUVNOX LMMNOX — 53 1ton

SmCNOx = 26.4ton

NOxnew = 114.5ton

SUVNOX = 35ton
Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC = 21.4ton

SmCHC = 11.2ton

HCnew = 49.7ton

SUVHC = 17.1ton
Total Emissions:

Emissionsn = Conew + NOxnew + HC

(A new

Emissionsnew = 1573.2ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295 ¢ = 714.3ton LDV8291 - = 647.1ton LDVP82(( = 500ton
LDT9295¢¢ = 525.3ton LDT8291 -y = 419.4ton LDTP82( = 126.5ton

COqyq = LDV92950- + LDT9295¢- + LDV8291~y + LDT8291 gy -
+LDVP82-n+ LDTP82(

Nitrous Oxides:

LDV9295n 0y = 210.1ton LDV8291Nox = 154.1ton LDVP82y oy = 48.1ton
LDT9295N 0y = 63ton LDT8291\y = 46.2ton LDTP82\ oy = 14.2ton
NOx

old ©= LDV9295y 5, + LDT9295y 5y + LDV8291y gy + LDT829 1y 0y -
+LDVP82y 0y + LDTP82y 00

HydroCarbons and Volatile Organic Compounds:

LDV9295pyc = 86.1ton LDV8291y e = 123.3ton LDVP82y o = 38.9ton
LDT9295p;¢ = 35.2ton LDT8291y¢ = 30.8ton LDTP82y ¢ = 11.5ton

+ LDVszvn(‘ + LDTPSZ\/(\(1



Totals for Older Vehicles:

COO|d = 2932.7ton NOXOld = 535.8ton HCO]d = 325.8ton
Emissionsold = C00|d + NOXold + HC0|d

Emissionsold = 3794.2ton

Calculate emissions of a population of SLEV

Number_of SLEV := (O.I0)-(V%Old)-WorcesterjopuIation~Vehicles_per_person

2
Commuter_milesqy gy = (Travel_distance)-(d—]-(Work_days)-(Number_of;SLEV)
ay

Commuter_milesgy gy = 0.04billion_miles  driven per year
Commuter_milesgy g

Avg_commuter_milesg) gy = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_milesqp gy = Number of SLEV

Travel distance

2
Weekend _milesg py = { 5 j(d—j (Week_ends)-(Number_of SLEV)
ay

Weekend milesqy gy = 8.063 million_milesdriven per year

Weekend_milesgp gy

Avg weekend milesqp gy = 728 mi
per vehicle
driven per year

Avg_weekend_milesgp gy = Number of SLEV

Total_Worcester_milesgy gy := Weekend_milesgp py + Commuter_milesgy gy

Total_Worcester_milesgy gy = 0.049billion_miles

driven per year
SLEV ¢ = Total_Worcester_milesg) py-SLEV_CO  SLEV (5 = 53.498ton
SLEVyc = Total_Worcester_milesg) py-SLEV_HC SLEVhc = 0.535ton

SLEVyNy := Total_Worcester_milesqy py-SLEV_NOx SLEVyoy = 1.07ton

Total Emissions := Emissions . + Emissionsg;4 + SLEV -~ + SLEV + SLEVy oy

n

Total Emissions = 5422.6ton



COpop = SLEV (g + COg g + COpery COpop = 4395.2ton

NOXTOt = SLEVNOX + Noxold + NOxrleW NOXTot = 651.3ton
HCTOt = SLEVHC + HCO]d + chew HCTOt = 376ton
Emissionsnew Emissionsold
Graphl :=
2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons

—

DTP82y ¢ = 12.7t0)




Replacing 25% of all Vehicles w/Hybrids billion_miles := 10°-mi

Assumptions: million_miles := 106-mi
Vehicles traveling through Worcester Travel an average of 7 miles each

Travel distance := 7-mi

40% of the pollutants in the air come from vehicles
Work_days := 261-day
Week_ends := 104-day
City Data:
Worcester_population := 254900 people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV := 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:

SUVgq:=020 SmCg4:=020 LMMgj,:=0.60 LDT% := SUV 4

- . . . 0, =
Age distribution of Vehicles on the Roads: LDC% i= SmCojq + LMMoig

1982- 1991 Vgog = 0.22
Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125- 8% TLEV_NOx := 0.4-2%
mi mi
TLEV_CO = 3.4.22 TLEV_HCHO := 0.015- 2%
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14E%

mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075-E% LEV_NOx := 0.2. 8%
mi mi
LEV_CO = 3.4.21 LEV_HCHO := 0.015- 2%
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.09 &%

mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-22 ULEV_NOx = 0.2. £
mi mi
ULEV CO := 1.7.EC ULEV_HCHO := 0.008-£2
mi mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048£2

mi
Super Low Emissions Vehicle Data:
SLEV_CO := 1.0-82 SLEV_HC := 0.01.£Z
mi mi
Zero Emissions Vehicle Data:
ZEV_CO = 0.82 ZEV_HC = 0-88
mi mi
Tier 1 Emissions Data:
T1 CO = 4.2.80 T1_HC := 031.£C
mi mi

Tabulated Vehicle Distribution for New Vehicles:

SLEV_NOx := 0.02-E2
mi

ZEV_NOx := 0.2
mi

T1_NOx := 0.6-E%
mi

0.21
SUV_ZEV percentage := I_OO LMM_ZEV percentage := 0
0. 0.36
SUV_SLEV_percentage := 086 LMM_SLEV percentage := ——
100 - 100
4.5 19.13
SUV_ULEV_percentage := — LMM_ULEV_percentage := ——
B - 100 - 100
51.82 70.40
SUV_LEV_percentage := ——— LMM_LEV percentage := ——
100 100
1.5 7.94
SUV_TLEV percentage := IT LMM_TLEV_percentage := W
41.11 2.17
SUV_TI_percentage := —— LMM_TI1 percentage :== ——
-7 100 -7 100
0.26 65.17
SmC_ZEV_percentage := —— SmC_LEV percentage := ——
100 100
1.06 9.5
SmC_SLEV_percentage := I_OO SmC_TLEV_percentage := W
15.04 8.97
SmC_ULEV_percentage = 1—00 SmC_T1_percentage := 1—00



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := .2395  LMM on_road := .5418
SUV_on_road := .2187

I

Equations:

Number_of_Vehicles := Worcester_population- Vehicles_per_person
Number_of Vehicles = 2.014 x 105

Commuter_miles := (Trave]_distance)-(di]-(Work_days)-(Number_of_VehicIes)
ay

Commuter_miles = 0.736billion_miles driven per year

Commuter_miles

Avg_commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of Vehicles

Travel_distance

Weekend miles := ( 5

) . (EZ—J -(Week_ends)-(Number_of Vehicles)
ay

Weekend_miles = 146.598 million_milesriven per year

Weekend_mil .
Avg_weekend_miles := ceXenc m t?s Avg weekend_miles = 728 mi
Number_of Vehicles per vehicle

driven per year

Total Worcester_miles := Weekend miles + Commuter_miles Total_Worcester miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vggo2'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+ (Total _Worcester_miles)-(SUV_on road)-(SUV_TI_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_NOx)

;
SUVNOx = 3-174% 10" gm

SUVHc = Vggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 _percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_HC)

7
SUVhye = 1.549%x 10 gm



SUV (@ = Vggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 _percentage)-(T1_CO) ...

| +(Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_CO)

8
SUV(g = 3.148x 10" gm

Emissions Due to New Small Cars

SmCnox = Vogoz'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOX) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOx) ...

+(Total_Worcester miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

7

SmCyc = Vggoo'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...

SmCco = Vog02'

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_HC)

(Total _Worcester miles)-(SmC_on_road)-(SmC_ZEV percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC on_road)-(SmC_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC _TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV _percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV percentage)-(ULEV_CO)

8



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Vggo7'| (Total_Worcester_miles)-(LMM _on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_NOXx) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOX) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_NOX)

7
LMMyox = 4.817x 10" gm

LMMc = Vggoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_HC) ...

LMMcq = Vog02:

+ (Total Worcester miles)-(LMM_on_road)-(LMM_SLEV _percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 _percentage)-(T1_HC) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TLEV _percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_HC)

7
LMMyc = 1.945x 10 gm

(Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...
+(Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV _percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

8



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)

Recalculated Old Vehicle Distributions

LDV ;4 := SmC

ol

ol d+ LMMOId LDVO]d =0.8

x100 percent distribution
LDTOld = SUVOId LDTO]d =0.2

1992 to 1995 Emissions Data:
By 1992, all vehicles had to conform to the following Federal standard:

= 3.4.8M - £gm - 1080
LDV 92950 = 34— LDV 9295y 1= 041-"— LDV 92950y := 1.0- =

.~ 10.80 - gm = 1280
LDT 9295¢q = 1022 LDT_9295pc i= 0.67-==  LDT 92950y = 12

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

LDV_8291q = 4257 LDV_8291y0 = 0.80-5 LDV_8291y g, = 1.055
mi m mi

10-8+ 18 gm gm gm
LDT 8291 = ——=— LDT 8291 = 0.80-=—  LDT_8291 = 12—
- CcO 9 i - VOC mi - NOx mi

Pre 1982 Data:

23-2+393+15-5 gm 33+3.1:2+24+ 12 gm

HPY-P82co = 10 m o DYPENOx = I mi
343+ 1.5:5+041-2 gm
39:3+20-5+ 184 gm 343+24+1.76 gm
LDT P82 i= T LDT P82y i= il
- €O 12 mi - voce 13 mi
. 144223
LDT P82y, = 33+3.1-4+236 gm

13 mi



Emissions Calculations:
1992 - 1995
LDV9295(y = Vgpg5-(Total_Worcester_miles)-LDV_9295-5-LDC%  LDV9295,q = 7.2 x IO8 gm

LDT9295¢( = Vgpg5-(Total_Worcester_miles)-LDT_9295--LDT% LDT9295¢q = 5.294 x 108gm

. 8
LDV9295N0x = Vgp95-(Total_Worcester_miles)-LDV_9295y0x-LDC% LDV9295y gy = 2.118x 10 gm

7
LDT9295N0x = V9295 (Total_Worcester_miles)-LDT_9295N0y LDT% LDT9295\ 0y = 6.353x 10 gm

4
LDV9295c = Vgpg5(Total_Worcester_miles)-LDV_9295~LDC%  LDV9295y~ = 8.683 x 10" gm
LDT9295yy ¢ = Vgpgs-(Total_Worcester_miles)-LDT_9295¢~ LDT% LDT9295c = 3.547 % IO7 gm

1982-1991
LDV829i - := Vgogy-(Total_Worcester_miles)-LDV_8291 - LDC% LDV8291 g = 6.523 x lOggm

LDT8291 ¢ = Vgog-(Total_Worcester_miles)-LDT_8291~5-LDT% LDT8291-q = 4.228 x ]08gm

LDV8291N0x = Vg9 (Total_Worcester_miles)-LDV_8291y - LDC% LDV8291N0y = 1.553 IO8 gm

LDT8291\ox = Vgo9(-(Total_Worcester_miles)-LDT_8291 gy LDT% LDT8291yoy = 4.659 x 107gm

LDV8291y ¢ = Vgogi-(Total_Worcester_miles)-LDV_8291y,5-LDC% LDV8291y ¢ = 1.242 % IOng

LDT8291y ¢ = Vgpg-(Total_Worcester_miles)-LDT_8291y, ' LDT% LDT8291y ¢ = 3.106 x 107gm

Pre 1982
LDVP82-q = Vpgy(Total_Worcester_miles): LDV_P82~-LDC% LDVP82-q = 5.04 x IOng
LDTP82¢() := Vpgy(Total_Worcester_miles)-LDT_P82~n-LDT% LDTP82-g = 1.275 % ]08 gm

LDVP82\ oy = Vpgy(Total_Worcester_miles)-LDV_P82y;5,-LDC% LDVP82Nox = 4.852x 107gm

LDTP82N oy = Vpgy:(Total_Worcester_miles)-LDT_P82y, LDT% LDTP82yy = 1434 x IO7gm

. 7
LDVP82y ¢ = Vpgy:(Total_Worcester_miles)- LDV_P82y;~LDC%  LDVP82y, - =3.922x 10" gm

LDTP82y ¢ = Vpgy(Total_Worcester_miles)-LDT_P82y;5-LDT% LDTP82y o = 1.157 107gm



Total Emissions of New Vehicles, (English Tons):
Carbon Monoxide:

COnew = LMMCO + SmCCO + SUVCO LMMCO = 731.3ton

SmCCO = 333.6ton

o SUVCO = 347ton

hew = 1411.8ton

Nitrous Oxides:

NOXTleW = LMMNOX -+ SmCNOx + SUVNOX LMMNOX = 53.1ton

= 26.
NOX, oy, = 114.6t0n SMENOx = 26-3t0n
SUVyQox = 35ton

Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC _ 21 4 ton

SmCHC = 11.2ton

chew = 49.7ton

SUVHC = 17.1ton
Total Emissions:

Emissionsnew = Conew + Noxnew + HCneW

Emissions = 1576.1ton

new

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV92950(y = 793.7ton LDV8291 g = 719ton LDVP82( = 555.6ton
LDT9295¢ = 583.6ton LDT8291( = 466ton LDTP82¢( = 140.6ton

Nitrous Oxides:

LDV9295N0x = 233.4ton LDV829iNox = 171.2ton LDVP82Nx = 53.5ton
LDT9295N0x = 70ton LDT8291yox = S1-4ton LDTP82N0x = 15.8ton
NOx

old = LDV9295yy, + LDT9295y 5, + LDV8291 50y + LDT8291 Ny -
+LDVP82y 0y + LDTP82y 00

HydroCarbons and Volatile Organic Compounds:

LDV9295yc = 95.7ton LDV8291y,5c = 137ton LDVP82y,o = 43.2ton
LDT9295 = 39.1ton LDT8291y ¢ = 34.2ton LDTP82y, ¢ = 12.7ton

HCyyq := LDV9295yc + LDT9295, + LDV8291y ¢ + LDT8291y o -



Totals for Older Vehicles:

CO,jq = 3258.5ton NOx 14 = 595.3ton

Emissionsold = CO

d + NOx d + HCOld

ol ol

Emissionsold = 4215.8ton

COpqt = CO

old* COnew

NOxTOt = Noxo]d + NOxnew

HCpoq = HCq g + HC ey

Graphl := (

Emlssmnsnew Emlssmnsold]

2000 2000

HCg)q = 362ton

COTot = 4670.3 ton

NOXTot = 709.9ton

HCTot =411.7ton

Tons

Total Emissions- All Vehicles, All Pollutants

]

JDTPSZVOC = 12.7ton




Replacing 25% of all new Vehicles w/Hybrids billion_miles := 10°-mi
Assumptions: million_miles := 106-mi

Vehicles traveling through Worcester Travel an average of 7 miles each

Travel _distance := 7-mi

Work_days := 261-day

Week_ends := 104-day
City Data:

Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV = 0.275 SmC = 0.21 LMM := 0.51
Older Vehicles:

SUVgq:=020 SmCgq:=020 LMMgq:=060 LDT% :=SUV 4

Age distribution of Vehicles on the Roads: LDC% := SmCojq + LMMgiq
1992 - 1995  Vgygs = 0.30
V%giq = 0.55 55% of all worcester vehicles are
1982 - 1991 V8291 = 022 "Old"

Pre 1982  Vpg, i= 0.03

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125- 22 TLEV_NOx := 0.4- 8%
mi mi
TLEV_CO := 3.4.22 TLEV_HCHO := 0.015- 8%
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14 %

mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075- 22 LEV_NOx := 0.2. 2%
mi mi
LEV_CO := 3.4. 82 LEV_HCHO := 0.015- 82
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.09 82
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04- 22 ULEV_NOx := 0.2-£Z
mi mi
ULEV_CO = 1.7.82 ULEV_HCHO := 0.008- £
mi mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 %

mi
Super Low Emissions Vehicle Data:
SLEV_CO = 1.0-2% SLEV_HC = 0.01.2%
mi mi
Zero Emissions Vehicle Data:
ZEV_CO := 0-85 ZEV_HC := 0-8%
mi mi
Tier 1 Emissions Data:
T CO = 42.58 T1_HC := 0.31.E
mi mi

Tabulated Vehicle Distribution for New Vehicles:

gm

SLEV_NOx := 0.02-=—

ZEV NOx := 0.8
mi

T1_NOx := 0.6-E
mi

0.21
SUV_ZEV percentage := m LMM_ZEV_percentage = 0
0 0
SUV_SLEV_percentage := — LMM_SLEV_percentage := —
- - 100 100
4.5 19.13
SUV_ULEV_percentage := — LMM_ULEV_percentage := ——
- 100 100
51.82 70.40
SUV_LEV_percentage := ——— LMM_LEV percentage := ——
100 100
1.5 7.94
SUV_TLEV_percentage := — LMM_TLEV_percentage := ——
100 - 100
SUV_TI1 percentage 4111 LMM_TI1_percenta 217
er =— e=—
- P & 100 --P & 100
0.2 65.17
SmC_ZEV_percentage := 026 SmC_LEV_percentage == ———
100 100
0 9.5
SmC_SLEV_percentage := — SmC_TLEV_percentage == —
- 100 100
15.04 8.97
SmC_ULEV_percentage := 1—00 SmC TI1_percentage := m

mi



Percentages of Each New Vehicle Type Observed on the Road:
SmC on _road :=.2395 LMM on_road := .5418

SUV _on _road := .2187

Equations:

Number_of Vehicles := 1.0-Worcester_population- Vehicles_per_person
Number_of Vehicles = 201371
2
Commuter_miles := (Travel_distance)- [d—] -(Work_days)-(Number_of Vehicles)
ay

Commuter_miles = 0.736billion_miles driven per year

Commuter_miles

Avg_commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_miles := -
- Number_of Vehicles

T 1 di 2
Weekend miles := (M)(

— |-(Week_ends)-(Number_of Vehicles)
2 day

Weekend miles = 146.598 million_milesriven per year

Weekend_miles

Avg_weekend_miles := Avg_weekend_miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total Worcester_miles := Weekend miles + Commuter_miles Total Worcester_miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogoz'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOXx) ...
+ (Total_Worcester _miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester _miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV _on_road)-(SUV_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_NOx)

S
SUVNOx = 2379% 10" gm

SUVHe = Vggoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV _on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_HC)

-
SUVyc = 1.162x 10" gm



SUV (g = Vggop'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on _road)-(SUV_T1 _percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV _on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)

8
SUVco = 2.355x 10" gm

Emissions Due to New Small Cars

SmCNox = Vogo2| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOX) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOXx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCpoy = 1799 x 10" gm

SmCyc = Vggoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCyc = 7.63 x 106gm

SmCrq = Vggy'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV _percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMpox = Vogoo'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...
+ (Total_Worcester miles)-(LMM_on _road)-(LMM_SLEV percentage)-(SLEV_NOx) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TI_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles):-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOX) ...
+ (Total Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...
+ (Total Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

LMMy oy = 3.612% 10" gm

LMMyc = Vgggo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...
+ (Total_Worcester miles)-(LMM _on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV _percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

LMMyyc = 1458 10’ gm

LMMq = Vggy| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_SLEV _percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road).-(LMM_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

8



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)
Recalculated Old Vehicle Distributions

LDVOld = SmCoId + LMMOld LDVold =0.8 o .
x100 percent distribution
LDTOId = SUVO]d LDTOId =0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

gm gm gm
LDV_92950q = 3.4-2=  LDV_9295 := 0.41- LDV_929550y := 1.0-

-295co > 295HC . —9295N0x .

= 10.8M - 0.67.50 -

LDT 929500 = 102=  LDT 9295 = 067-2=  LDT 92950y i= 1.2+~

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

— gm . gm — 1080
LDV_8291cq = 4.2: . LDV_8291y ¢ = 0.80- oy LDV_8291N0x = 1.0 >
10-8+ 18 gm ) gm . gm

LDT 8291¢q = T:] LDT_8291VOC = O.SO'E LDT_829iN0ox = l.ZE

Pre 1982 Data:

23-2+39-3+155 gm 33+3.1:2+24+ 12 gm

LDV_P82¢q = n > LDV_P82y 0y = - &
LDV P82y = 343+ 1.?-05 + 0.41-2.%

LDT P$20q = 39-3 + 21(25 + 18-4.% LDT_P2yq = 3.4-3 + 2134 + 1.7-6_%
LDT Pi2yg, = 33+3.1-4423:6 gm

13 mi



Emissions Calculations:
1992 - 1995
LDV9295¢c0 = Vgpg5-(Total_Worcester_miles)-LDV_9295--LDC%  LDV9295-g = 7.2x 108gm

) 8
LDT9295¢q = Vgpg5 (Total_Worcester_miles)- LDT_9295-o-LDT% LDT9295¢00 = 5.294x 10" gm

. 8
LDV9295N0x = Vgpgs5 (Total_Worcester_miles)-LDV_9295yg,' LDC% LDV9295y 0y = 2.118x 10" gm

7
LDT9295N0x = V995 (Total_Worcester_miles)-LDT_9295y'LDT% LDT9295ygx = 6.353x 10" gm

LDV9295yc = Vgog5 (Total_Worcester_miles)-LDV_9295(y~LDC%  LDV9295~ = 8.683 x 107gm
. 7
LDT9295yc = Vgp95-(Total_Worcester_miles)-LDT_9295~LDT% LDT9295yc = 3.547x 10 gm
1982-1991
LDV8291 - = Vgog - (Total_Worcester_miles)-LDV_8291--LDC%  LDV8291-q = 6.523 x 108gm

LDT8291 g = Vgog (Total_Worcester_miles)-LDT_8291-~n-LDT% LDT8291 ¢ = 4.228 x 108gm

LDV8291N0ox = Vgog1-(Total_Worcester_miles)-LDV_8291 LDC% LDV8291ypy = 1.553 x IO8gm

LDT8291Nox = Vgog91-(Total_Worcester_miles)-LDT_8291qy LDT% LDT8291y oy = 4.659 x 107gm

LDV8291y ¢ = Vgog1-(Total_Worcester_miles)-LDV_8291y,5-LDC% LDV8291y,oc = 1.242 % IOggm

. 7
LDT8291y, g = Vgog1-(Total_Worcester_miles)-LDT_8291y,cLDT% LDT8291y,oc = 3.106x 10 gm

Pre 1982
LDVP82( = Vpgy(Total_Worcester_miles)-LDV_P82~n-LDC% LDVP82-q = 5.04 x 108gm
LDTP82¢(y := Vpgy-(Total_Worcester_miles)-LDT_P82-n-LDT% LDTP82-q = 1.275x 108gm

LDVP82Nx = Vpgo(Total_Worcester_miles)-LDV_P82yq,-LDC% LDVP82\ oy = 4.852x ]07gm

LDTP82y 0y i= Vpgy-(Total_Worcester_miles)-LDT_P82yoLDT%  LDTP82y0y, = 1.434x 10' gm

. 7
LDVP82y ¢ = Vpgy(Total_Worcester_miles)-LDV_P82y,-LDC%  LDVP82y,oc =3.922x 10 gm

. 7
LDTP82VOC = Vp82'(TOta]_WOI‘CCStCI'_ml]CS)‘LDT_P82VOC'LDT% LDTP82VOC = 1.157x 10 gm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:

COnew = LMMCO + SmCCO + SUVCO LMMCO = 547.8ton
SmCq = 249.3ton
COp ey = 1056.7ton SUY G = 259.61on

Nitrous Oxides:

NOxnew = LMMNOX + SmCNOX + SUVNOX LMMNOX = 39.8ton

SmCNOx = 19.8ton
SUVNOX = 26.2t0n

NOxneW = 85.9ton

Hydocarbons:

HC

new = LMMHC + SmCHC + SUVHC

LMMHC = 16.1ton

SmCHC = 8.4ton

HC ew = 37.3ton

n
SUVHC = 12.8ton
Total Emissions:

Emissionsn = COneW + NOxneW + HC

ew - new

Emissionsnew = [179.9ton

Total Emissions of Older Vehicles, (English Tons):
Carbon Monoxide:

LDV9295.( = 793.7ton LDV8291 g = 719ton LDVP82y = 555.6ton
LDT92950( = 583.6ton LDT8291( = 466ton LDTP82q = 140.6ton

COgq = LDV9295 ¢ + LDT92951y + LDV8291 -y + LDT8291 gy .

+LDVP82 + LDTP82((
Nitrous Oxides:
LDV9295N0x = 233.4ton LDV8291yox = 171.2ton LDVP82\ oy = 53.5ton
LDT9295N0x = 70ton LDT8291Nox = S1-4ton LDTP825 oy = 15.8ton

NOX gy = LDV9295y 0, + LDT92955 o, + LDV8291 0 + LDT829 Iy 0 -

HydroCarbons and Volatile Organic Compounds:

LDV9295yc = 95.7ton LDV8291ygc = 137ton LDVP82y o = 43.2ton
LDT9295HC = 39.1ton LDT829IVOC = 34.2ton LDTPSZVOC = 12.7ton

+LDVP82y - + LDTP82y



Totals for Older Vehicles:

Coo]d = 3258.5ton N0x0|d = 595.3ton Hcold = 362ton
Emissionsold = Coold +NOxq1q + HCq1q

Emissionsold = 4215.8ton

Calculate emissions of a population of 25% SLEV

Number_of SLEV := (0.25)- (V%n ew) -Worcester_population- Vehicles_per person

. . 2
Commuter_milesg| gy = (TraveLdlstance)-(gyj-(Work_days)-(Number_of_SLEV)

Commuter_milesq gy = 0.083 billion_miles driven per year
Commuter_milesg g

Number_of SLEV

Avg_commuter_milesg) gy = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_milesg gy =

i 2
Weekend_milesgy gy = [Travel_dlstance).(_

5 j-( Week_ends)-(Number of SLEV)

day
Weekend_milesgy gy = 16.492million_miledriven per year

Weekend_milesSLE\z

Avg_weekend_milesgy gy = 728 mi
per vehicle
driven per year

Avg_weekend_milesq| gy = Nomber of SLEV

Total_Worcester_milesgy gy := Weekend_milesgy gy + Commuter_milesg gy

Total_Worcester_milesgy gy = 0.099 billion_miles

driven per year

SLEV (@ = Total_Worcester_milesgy gy-SLEV_CO  SLEV (g = 109.427 ton
SLEVyy = Total_Worcester_milesqy pyy-SLEV_HC ~ SLEV~ = 1.094ton

SLEVNx = Total_Worcester_milesg; gy'SLEV_NOx SLEVy gy = 2.189ton

Total_Emissions := Emissions ., + Emissionsy; 4 + SLEV -~ + SLEVy~ + SLEVy oy

Total Emissions = 5508.4 ton



COTOI = SLEVCO + COO]d -+ COnew COTOt = 4424 .7ton

NOXTOt = SLEVNOX + NOXold + NOXT]CW NOXTOI = 683.4ton

HCror = SLEV e + HCojq + HCpey HCry = 400.4ton

Emissionsnew Emissionsold
2000 2000

Graphl = (

Tons

Total Emissions- All Vehicles, All Pollutants

LDTP82yq = 12.]

tor.



Replacing 25% of all old Vehicles w/Hybrids

billion_miles := 109-mi

- . 6 .

Assumptions: million_miles := 10 -mu
Vehicles traveling through Worcester Travel an average of 7 miles each

Travel _distance := 7-mi
Work_days := 261-day

Week_ends := 104-day

City Data:
Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV = 0.275

SmC := 0.21 LMM := 0.51
Older Vehicles:

SUVgiq:= 020  SmCgq:= 020 LMMgq:= 060  LDT% :=SUVy

Age distribution of Vehicles on the Roads:

LDC% = SmCold + LMMOld

1992 - 1995  Vgyqs := 0.30-(0.75)

V%14 = 0.55 55% of all worcester vehicles are
1982 - 1991

Vgog) = 0.22(0.75) “old"

Pre 1982 Vpg, := 0.03-(0.75)

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125-82

TLEV_NOx := 0.4-2%
mi

mi
TLEV_CO := 3.4.8%

TLEV_HCHO := 0.015-£%
m

mi
TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14 8%

mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075- 22 LEV NOx == 0.2. 21
mi mi
LEV_CO := 3.4.80 LEV_HCHO := 0.015- 2%
mi

mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.092%
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04- 2%

ULEV_CO = 1.7.2Z
mi

ULEV_NOx := 02.8%

mi

ULEV_HCHO := 0.008- 22
mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 8%

Super Low Emissions Vehicle Data:

SLEV_CO := 1.0-81
mi

Zero Emissions Vehicle Data:

ZEV_CO = 0.82
mi

Tier 1 Emissions Data:

T1 CO := 4.2. 80

mi

mi

SLEV_HC = 0.01.EZ
mi

ZEV_HC = 0-8%
mi

TI_HC = 031.E2
mi

Tabulated Vehicle Distribution for New Vehicles:

SLEV_NOx := 0.02.£C

T1_NOx := 0.6-E

mi

0.21
SUV_ZEV_percentage := ——
100
0
SUV_SLEV_percentage := —
100
4.5
SUV_ULEV _percentage := —
100
51.82
SUV_LEV_percentage := ]—00

1.5
SUV_TLEV_percentage := —

100
41.11
SUV_TI _percentage = ———
- P £ 100
0.26
SmC_ZEV_percentage := ——
- 100
0
SmC_SLEV_percentage == —
100
15.04
SmC_ULEV_percentage := 1—00

LMM_ZEV_percentage = 0

0
LMM SLEV_percentage := —

100
19.13
LMM_ULEV_percentage :== ———
100
70.40
LMM LEV percentage .= ——
- 100
7.94
LMM_TLEV_percentage := ——
100
2.17
LMM_TI _percentage := ——
_p g 100
65.17
SmC_LEV_percentage == ———
100
9.5
SmC_TLEV percentage := —
100
8.97

SmC T1 percentage := ——
- P & 100



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := .2395 LMM_on_road := .5418
SUV_on_road := .2187

Equations:

Number_of Vehicles := 1.0-Worcester_population- Vehicles_per_person
Number_of Vehicles = 201371

2 .
Commuter_miles := (Travel_distance)- (d_j -(Work_days)-(Number_of Vehicles)
ay

Commuter_miles = 0.736billion_miles driven per year
| .
Commuter,_miles Avg_commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of Vehicles

Travel_distance

Weekend_miles := ( )

2 .
j(d—j -(Week_ends)-(Number_of Vehicles)
ay

Weekend miles = 146.598 million_milesriven per year

Weekend_miles

Avg_weekend_miles := Avg_weekend_miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total_Worcester_miles := Weekend miles + Commuter_miles Total Worcester_miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNoOx = Vogoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on _road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_NOx)

7
SUVNOx = 3:172x 10" gm

SUVHc = Vggoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 _percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_HC)

7
SUVye = 1.549% 10" gm



SUV (@ = Vggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_CO)

8

Emissions Due to New Small Cars

SmCNox = Vogoy'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOX) ...
+ (Total_Worcester_miles)-(SmC on road)-(SmC_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(SmC_on road)-(SmC_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCNOX = 2.399 x 107gm

SmChc = Vggop| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmChc = 1.017x 107 gm

SmCrq = Vggp| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1 _percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Vggo2'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_NOXx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TI_percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV percentage)-(LEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

.
LMMy oy = 4.816x 10" gm

LMMpc = Vggop:| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...

LMMcq = Vgg02°

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester _miles)-(LMM_on_road)-(LMM_LEV _percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

.
LMMpc = 1.945x 10" gm

(Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_CO)

8
LMMq = 6.626x 10° gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)
Recalculated Old Vehicle Distributions

LDVO]d = SmCOId + LMMOld LDVOld =0.8 o .
x100 percent distribution
LDTO]d = SUVOId LDTO]d =02

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

LDV_92950q = 3450 LDV_9295,; := 0.41- 5% LDV 92050, = 1.0-E5

mi mi mi

LDT 929500 = 10-8%  LDT 92951 := 0.67-50  LDT_9295y0y i= 1.2-5
m mi mi

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

4. 8T . &m —108M
LDV_8291¢( = 4.2: . LDV_8291y o := 0.80- - LDV_8291N(gy = 1.0 >
_10-8+18 gm ) gm ] gm
LDT_8291¢q = —9 ‘_mi LDT_8291yqc = 0.80-—mi LDT_8291N0ox = 1.2-—mi

Pre 1982 Data:

23-2+39-3+ 155 gm

3.3+3.0:2+2:4+1-2 gm

LDV_P82(¢q = 0 ?] LDV_P82y oy = 0 ;1-
343+155+041-2 gm
LDV7P82VOC = 10 g
39-3+20-5 + 184 gm 3.43+2:4+1.7-6 gm
LDT P82~ := — LDT P82 = =
- €0 12 mi - ~ovocC 13 mi
33+3.1:'4+2.3-6 gm
LDT_P8250y = £

13 mi



Emissions Calculations:
1992 - 1995

LDV9295¢ = Vgpg5-(Total_Worcester_miles)-LDV_9295--LDC%  LDV9295-q = 5.4 x ]08gm

LDT92950 = Vgpos-(Total_Worcester_miles)-LDT 92950 LDT%  LDT9295q = 3.971 x 10° gm

LDV9295N0x = V9295 (Total_Worcester_miles)-LDV_9295y 0y LDC% LDV9295\ oy = 1.588 % 108 gm

7
LDT9295NOX = V9295'(TOtaI_WOTCCStCF_m“eS)'LDT_9295NOX'LDT% LDT9295NOX =4765x 10 gm

LDV9295c = Vgog5(Total_Worcester_miles)-LDV_9295y~LDC%  LDV9295y~ = 6.512x I07gm
5
LDT9295c = Vgpgs5 (Total_Worcester_miles)-LDT_9295;~LDT% LDT9295yc = 2.66 x 10" gm
1982-1991
LDV8291 =V -(Total_Worcester_miles)- LDV 8291~~-LDC%  LDV8291] = 4.892 x 108gm
CO 8291 - 6[0) CO

LDT8291 ¢ = Vgogy-(Total_Worcester_miles)-LDT_8291-~n-LDT% LDT8291cg = 3.171 x IOng

LDV8291Nox = Vgog1-(Total_Worcester_miles)-LDV_8291y - LDC% LDV8291py = 1.165 x lOggm

7
LDT8291N0x = Vgpg1-(Total_Worcester_miles)-LDT 8291y LDT% LDT8291ygx = 3.494x 10" gm

LDV8291y0c = Vgoo;-(Total_Worcester_miles)-LDV_8291y,0c-LDC% LDV8291y o = 9.318 107 gm

LDT829|VOC = V829]-(TOtﬁ]_WOI‘CCStCI‘_mi]CS)'LDT_8291VOC'LDT% LDT829]VOC =233 x 107gm

Pre 1982
LDVP82- = Vpgy(Total_Worcester_miles)-LDV_P82~4-LDC% LDVP82¢- = 3.78 x 108gm
LDTP82¢(y := Vpgy-(Total_Worcester_miles)-LDT_P82~n-LDT% LDTP82-q = 9.563 x 107gm

LDVP82yx = Vpgy (Total_Worcester_miles)-LDV_P82y5,-LDC% LDVP82y g = 3.639 x 107gm

LDTP82Noy = Vpgy (Total_Worcester_miles)-LDT_P82y;,-LDT% LDTP82N oy = 1.075 % 107gm

LDVP82y o = Vpgy-(Total_Worcester_miles)-LDV_P82yoLDC%  LDVP82yoc = 2.942x 107 gm

8.675x 10° gm

LDTP82y, g = Vpgy:(Total_Worcester_miles)-LDT_P82y,-LDT% LDTP82y o



Total Emissions of New Vehicles, (English Tons):
Carbon Monoxide:
COnew = LMMCO + SmCCO + SUVCO LMMCO = 730.4ton

SmCCO = 332.4ton

COpey = 1409ton

n SUVCO = 346.1 ton
Nitrous Oxides:

NOXnew = LMMNOX + SmCNOx + SUVNOX LMMNOX - 53.1ton

S = 26.41
NOX, ey, = 114.5ton MENOX on

SUVNOx = 35ton
Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC = 21.4ton

SmCye = 11.2ton
HC\ ey, = 49.7ton HC

SUVHC = 17.1ton
Total Emissions:

Emissionsnew = COnew + NOxnew + HCnew
Emissionsnew = 1573.2ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295¢ = 595.3ton LDV8291 g = 539.3ton LDVP82( = 416.7ton
LDT92950( = 437.7ton LDT8291 @ = 349.5ton LDTP82¢( = 105.4ton

COyyg == LDV9295- + LDT9295y + LDV8291 oy + LDT8291 oy ...

Nitrous Oxides:

LDV929550x = 175.1ton LDV8291 N0y = 128.4ton LDVP82x = 40.1ton
LDT9295y 0 = 52.5ton LDT8291y0x = 38.5ton LDTP82y 0y = 11.9ton

NOX 4 = LDV92955 0y + LDT9295y 0 + LDV8291 5oy + LDT829 150y -
+LDVP82y oy + LDTP82y0x

HydroCarbons and Volatile Organic Compounds:

HCgq = LDV9295 - + LDT9295} + LDV8291y ¢ + LDT8291y 0 --
+LDVP82y o + LDTP82y o



Totals for Older Vehicles:

COO]d = 2443 9ton NOXOId = 446.5 ton HCOld = 271.5ton
Emissionso]d = Coold + Noxold + Hcold

Emissionsold = 3161.9ton

Calculate emissions of a population of 25% SLEV

Number_of SLEV := (0.25)- (V%old) -Worcester_population- Vehicles_per_person

2
Commuter_milesgy gy = (Travel_distance)-(Ey]-(Work_days)-(Number_of_SLEV)

Commuter_milesg) gy = 0.101billion_miles driven per year
Commuter_milesg g

Number_of SLEV

Avg_commuter_milesgy gy = 3.654 x ]03 mi
per vehicle
driven per year

Avg_commuter_milesg| gy =

Travel_distance] (L

Weekend_milesgy gy = [ 5 3
ay

)-(Week_ends)-(Number_of_SLEV)

Weekend_milesg) gy = 20.157 million_milesriven per year

Weekend_mi]esSLEv
Number_of SLEV

Avg_weekend_milesg| gy = \vg_weekend_milesgy py = 728 mi

per venicle
driven per year

Total_Worcester_milesg) gy = Weekend_milesgy gy + Commuter_milesg) gy

Total_Worcester_milesg; gy = 0.121 billion_miles

driven per year

SLEV (g := Total_Worcester_milesqy gy*SLEV_CO  SLEV( @ = 133.745ton
SLEV = Total_Worcester_milesg| gy*SLEV_HC  SLEV- = 1.337ton

SLEVN oy = Total_Worcester_milesg; py-SLEV_NOx SLEVN@, = 2.675ton

Total_Emissions := Emissions ., + Emissionsg 4 + SLEV -+ SLEVY - + SLEVN o

Total Emissions = 4872.8ton



COyy = SLEV g + COyig + COpeny COy = 3986.6 ton
NOXTO'[ = SLEVNOX + NOXO]d + NOXﬂeW NOXTOt = 563.7ton

HCrot = SLEVye + HCojq + HCpew HCrop = 322.6ton

ol

Emissions, o, Emlssmnso]dJ

Graphl =
2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons

|

DTP82y o = 12.7



Replacing 50% of all Vehicles w/Hybrids billion_miles := 10°-mi

Assumptions: million_miles := 106-mi
Vehicles traveling through Worcester Travel an average of 7 miles each

Travel distance := 7-mi

40% of the pollutants in the air come from vehicles
Work_days := 261-day
Week ends := 104-day
City Data:
Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV = 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:
SUVOId = 0.20 SmCoId = 0.20 LMMOId = 0.60 LDT% = SUVO]d

Age distribution of Vehicles on the Roads: LDC% := SmCojq + LMM,|g

1992 - 1995  Vgygs := 0.30

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125- 2% TLEV_NOx := 0.4-22
mi mi
TLEV_CO := 3.4.80 TLEV_HCHO := 0.015- 82
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14 &2
mi

Low Emissions Vehicle Data:

LEV_NMOG := 0.075- 22 LEV NOx := 0.2. 82
mi mi
LEV_CO = 3.4.E0 LEV_HCHO := 0.015-EZ
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.098%
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04- - ULEV NOx := 02.88
mi mi
ULEV_CO := 1.7.82 ULEV_HCHO := 0.008- £
mi mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 8%

mi
Super Low Emissions Vehicle Data:
SLEV_CO := 1.0.8% SLEV_HC := 0.01.EZ
mi mi
Zero Emissions Vehicle Data:
ZEV CO = 0-2% ZEV HC := 0.8%
mi m
Tier 1 Emissions Data:
Tl CO = 42.88 Ti HC := 031.8%
mi mi

Tabulated Vehicle Distribution for New Vehicles:

SLEV_NOx := 0.02-&%

mi

ZEV_NOx := 0-2%
mi

TI_NOx := 0.6- 8-
mi

0.21
SUV_ZEV _percentage := -EE)— LMM_ZEV_percentage = 0
0 0
SUV_SLEV percentage := — LMM_SLEV_percentage := —
100 100
4.5 19.13
SUV_ULEV_percentage := — LMM_ULEV_percentage = ———
100 100
51.82 70.40
SUV_LEV_percentage := ——— LMM_LEV_percentage := ——
- 100 - - 100
1.5 7.94
SUV _TLEV percentage :== — LMM_TLEV_percentage := ——
100 100
41.11 2.17
SUV_TI_percentage := —— LMM_TI_percentage := ——
100 100
0.26 65.17
SmC_ZEV percentage :== —— SmC_LEV_percentage .= ——
100 B 100
0 9.5
SmC SLEV_percentage := — SmC _TLEV_percentage := —
100 100
15.04 8.97
SmC_ULEV_percentage := ——— SmC_T1_percentage := ——
B 100 - 100



Percentages of Each New Vehicle Type Observed on the Road:
SmC on_road :

SUV _on_road :

2395 LMM on_road := .5418

2187

Equations:

Number_of Vehicles := 0.5-Worcester_population-Vehicles_per_person
Number_of_ Vehicles = 100686

2
Commuter_miles := (Travel_distance)- (d_j -(Work_days)-(Number_of_Vehicles)
ay

Commuter_miles = 0.368billion_miles driven per year

Commuter_miles

Avg_commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of Vehicles

Travel_distance

Weekend_miles := ( 5

j.(di).(weekVends)-(Number_of_Vehicles)
ay

Weekend _miles = 73.299 million_milesdriven per year

Weekend_mil
Avg_weekend miles := cexenc m és Avg weekend_miles = 728 mi
Number_of Vehicles per vehicle

driven per year

Total_Worcester_miles := Weekend_miles + Commuter_miles Total_Worcester_miles = 0.441 billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+(Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_NOx)

;
SUVNox = 1:586% 10" gm

SUVYc = Vggop'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV _on_road)-(SUV_TLEV _percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_HC)

6
SUVye = 7.744x 10" gm



SUV(o = Voggop'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV _percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)

Emissions Due to New Small Cars

SmCyox = Vogoy'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOXx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOKx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOX) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

7
SmCNox = 1-199x 10 gm

SmChc = Vggy| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC_LEV percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCyc = 5.087 10°gm

SmCrq = Vggo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV _percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Vggo2| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

7
LMMy oy = 2408 x 10 gm

LMMyy = Vggo'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...

LMM¢q = Vggo2:

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TI1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV _percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

LMMyc = 9.723 x ]06gm

(Total_Worcester miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 _percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_CO)



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)

Recalculated Old Vehicle Distributions

LDVO]d = SmC d + LMMO]d LDVOld =0.8

ol
x100 percent distribution

ol

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

— g — am = .—g
— — —
LDT 92950 = 10- g”i' LDT_9295c := 06752 LDT 92950 = 1.2 g“i'

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

— 4080 - gm — 10&M
LDV_8291( = 4.2- > LDV_8291ygc = 0.80: > LDV_8291yx = 1.0 .
10-8+ 18 gm ) gm ] gm

LDT_82%icq = Ty LDT_8291yqc = O.SO-E LDT_8291N0yx = l.2~g

Pre 1982 Data:

232+393+15:5 gm 33+3.0:2+424+1:2 gn

LDV _P82co = 10 mi LDV_P82Nox = 11 E
343+1.55+041-2 gm
39:3+20-5+ 184 gm 343+24+1.76 gm
LDT_P82 = S LDT_P82 = -
- 74Co 12 mi - "evoce 13 mi
3.3+3.1-4+23.6 gm
LDT P82N0y = Em

13 mi



Emissions Calculations:
1992 - 1995
LDV9295¢( = Vgpg5 (Total_Worcester_miles)-LDV_9295-q-LDC% LDV9295c-q = 3.6 % IOBgm

LDT92950 = Vgyos-(Total_Worcester_miles)-LDT_ 9295y LDT%  LDT9295q = 2.647x 10° gm

LDV9295N0x = Voo95 (Total_Worcester_miles)-LDV_9295Ny LDC% LDV929550y = 1.059 x lOggm

LDT9295N0x = Vop95 (Total_Worcester_miles)-LDT_ 9295, LDT% LDT9295N04 = 3.177 % IO7gm

LDV9295yc = Vgog5 (Total_Worcester_miles)-LDV_92954~LDC%  LDV9295 - = 4.341 x 107gm

LDT9295y ¢ := Vgpgs5 (Total_Worcester_miles)-LDT_9295;~LDT% LDT9295yc = 1.774 x lO7gm
1982-1991

LDV8291 ¢ = Vgogi-(Total_Worcester_miles)-LDV_8291 -~ LDC% LDV8291 g = 3.261 x 108 gm

LDT8291 (g = Vgog-(Total_Worcester_miles)-LDT_8291~-LDT% LDT8291cq = 2.114x 108gm

LDV8291N0x = Vgo9| (Total_Worcester_miles)-LDV_8291y oy LDC% LDV829INqy = 7.765 x 107gm

LDT8291 0y = Vgoo1-(Total_Worcester_miles)-LDT 829150, LDT% LDT829150, = 233x 10’ gm

LDV8291y0c = Vgyg|-(Total_Worcester_miles)-LDV_8291yoc-LDC% LDV8291y o = 6.212x 10’ gm

LDT8291VOC = V829] (TotaI‘Worcester_mlles)LDT_8291VOCLDT% LDT8291VOC = 1.553 x 107gm

Pre 1982
LDVP82( := Vpgo-(Total_Worcester_miles)- LDV_P82~n LDC% LDVP82q = 2.52x 108gm
LDTP82¢( := Vpgy-(Total_Worcester_miles)-LDT_P82~n-LDT% LDTP82¢- = 6.375x 107gm

LDVP82yox = Vpgy(Total_Worcester_miles)- LDV_P82yy - LDC% LDVP82N oy = 2426 x 107gm

LDTP82Ny = Vpgy (Total_Worcester_miles)-LDT_P82y;, LDT% LDTP82y oy = 7.168 x lOégm

LDVP82y, ¢ = Vpgy (Total_Worcester miles)-LDV_P82yLDC%  LDVP82y o = 1.961x 107 gm

LDTP82y g = Vpgy(Total_Worcester_miles)-LDT_P82y,-LDT% LDTP82y ¢ = 5.783 x 106gm



Total Emissions of New Vehicles, (English Tons):
Carbon Monoxide:
COneW = LMMCO + SmCCO + SUVCO LMMCO = 365.2ton

SmCCO = 166.2 ton

COney = 704.5t0n SUV(g = 173.1ton

Nitrous Oxides:

NOXT]CW = LMMNOX + SmCNOX + SUVNOX LMMNOX = 26.5ton

= 13.2t
NOxnew = 57.2ton SmCNOX 3.2ton

SUVNOX 17.5ton

Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC - 10.7ton

SmCHC = 5.6ton
SUVHC = 8.5ton

HC, ey, = 24.9ton

Total Emissions:

Emissionsn = Conew + Noxnew + HC

ew new

Emis'sionsnew = 786.6ton

Total Emissions of Older Vehicles, (English Tons):
Carbon Monoxide:

LDV9295q = 396.9ton LDV8291 g = 359.5ton LDVP82¢ = 277.8ton
LDT92951( = 291.8ton LDT8291 g = 233 ton LDTP82¢q = 70.3ton

+LDVP82¢g + LDTP82

Nitrous Oxides:

LDV9295504 = 116.7ton LDV8291 0 = 85.6ton LDVP82y oy = 26.7ton
LDT9295y0x = 35ton LDT829150x = 25.7ton LDTP82y 0y = 7.9ton

NOx|4 = LDV9295y 0y + LDT9295N 05 + LDV829 150y + LDT829 150y -
+LDVP82\ oy + LDTP82N 4

HydroCarbons and Volatile Organic Compounds:

LDT9295, = 19.6ton LDT8291y ¢ = 17.1ton LDTP82y o = 6.4ton

HCy)q := LDV9295 ¢ + LDT9295¢ + LDV8291y ¢ + LDT8291y 0 --
+LDVP82y ¢ + LDTP82y o



Totals for Older Vehicles:

CcO d= 1629.3 ton Noxold = 297.7ton HC d= 181 ton

ol ol

Emissionsold = CO d+ NOx d+ HCoId

ol ol

Emissionsold = 21079ton

Calculate emissions of a population of 25% SLEV

Number_of SLEV := 0.5-Worcester _population-Vehicles per_person

Commuter_milesq gy := (Travel_distance)- (dij -(Work_days)-(Number_of SLEV)
ay

Commuter_milesg gy = 0.368billion_miles driven per year
Commuter_milesg g

3
Avg commuter miles = 3.654x 10" mi
Number of SLEV ' &= - TSLEV

per vehicle
driven per year

Avg_commuter_milesg gy =

Travel_di
Weekend_milesgy gy = (MJ.(L

-(Week_ends)-(Number_of SLEV)
2 day

Weekend_milesg) gy = 73.299 million_milesriven per year

Weekend_milesg| gy
Number_of SLEV

Avg_weekend_milesq) gy = \vg_weekend_milesg gy = 728 mi

per venicle
driven per year

Total_Worcester_milesg] gy := Weekend_milesg) gy + Commuter_milesg| gy

Total_Worcester_milesgy gy = 0.441billion_miles

driven per year
SLEV @ := Total_Worcester_milesg] gy*SLEV_CO  SLEV(( = 486.344 ton
SLEVyc := Total_Worcester_milesg| gySLEV_HC SLEVyc = 4.863ton

SLEVNQy = Total_Worcester_milesgy py-SLEV_NOx SLEVyNx = 9.727ton

Total_Emissions := Emissions .., + Emissions ;4 + SLEV ~q + SLEV -~ + SLEV o

n

Total_Emissions = 3395.4ton



COrot = SLEVg + €Oy g + COpew COrgy = 2820.1ton

NOxXTqt == SLEVNOx + NOXg 14 + NOXp e NOxTq = 364.631ton
HCrt := SLEVYc + HCy g + HC ey HCrpqt = 210.72ton
EmissionsneW Emissionsol d
Graphl =
2000 2000

Tons

Total Emissions- All Vehicles, All Pollutants

LDTP82 vVOC = 12.7to




Replacing 50% of all new Vehicles w/Hybrids billion_miles := 10°-mi
Assumptions: million_miles := 106'mi

Vehicles traveling through Worcester Travel an average of 7 miles each

Travel distance := 7-mi

Work_days := 261-day

Week_ends := 104-day
City Data:

Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV = 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:

SUV4g=020 SmCq4:=020 LMMg,:=0.60 LDT% := SUV 4

Age distribution of Vehicles on the Roads: LDC% = SmCojq + LMMojg

1996 - 2002 Vg, = 0.45-(0.5) VO o= 045

V%14 = 0.55 55% of all worcester vehicles are

1982 - 1991  Vgyg) = 022 "old

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125-£2 TLEV_NOx := 0.4- 22
mi mi
TLEV CO := 3.4.2% TLEV_HCHO := 0.015-£
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.148%

mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075-2% LEV NOx = 0.2. 82
mi mi
LEV_CO := 3.4.8% LEV_HCHO := 0.015- 8%
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.0922
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04- 2% ULEV_NOx := 0.2- £
mi mi
ULEV_CO := 1.7.82 ULEV_HCHO := 0.008- £
mi

mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048%—

Super Low Emissions Vehicle Data:

SLEV CO := 1.0.82
mi

Zero Emissions Vehicle Data:

ZEV_CO = 0-8Z

mi

Tier 1 Emissions Data:

TI CO := 42.82

mi

0.21
SUV_ZEV_percentage := ——
100

0
SUV_SLEV_percentage := —

100
4.5
SUV_ULEV_percentage := —
100
51.82
SUV_LEV_percentage := ———
100
1.5
SUV_TLEV _percentage := —
100
41.11
SUV_TI percentage == ——
- P & 100

0.26
SmC_ZEV_percentage := ———

100
0
SmC_SLEV_percentage ;== —
100
15.04
SmC_ULEV_percentage := 00

SLEV_HC := 0.01-=—

ZEV_HC := 0-2%

T1_HC := 0.31-==

gm
mi

mi

gm
mi

Tabulated Vehicle Distribution for New Vehicles:

LMM_ZEV _percentage := 0

0
LMM_SLEV_percentage := —

100
19.13
LMM_ULEV percentage := ——
- 100
70.40
LMM _LEV_percentage == ——
100
7.94
LMM_TLEV_percentage := ——
100
2.17
LMM_TI1 percentage = ——
100
65.17
SmC _LEV_percentage := W

9.5
SmC_TLEV_percentage = ﬁ

8.97
SmC_TI1_percentage == ——
-7 100

SLEV_NOx := 0.02-£2
mi

ZEV_NOx := 0-8%

mi

T1_NOx = 0.6-EC

mi



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := .2395 LMM_on_road := .5418
SUV_on_road := .2187

Equations:

Number_of_Vehicles := 1.0- Worcester_population-Vehicles_per_person
Number_of Vehicles = 201371
2 .
Commuter_miles := (Trave]_distance)'(d—j-(Work_days)-(Number_of_Vehlcles)
ay

Commuter miles = 0.736billion_miles driven per year

Commuter_miles

Avg _commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of Vehicles

Weekend miles := [ 5

T i 2
M] . (d—j-(Week_ends)-(Number_of_Vehic]es)
ay

Weekend_miles = 146.598 million_milesriven per year

Weekend miles

Avg_weekend miles := Avg_weekend_miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total Worcester miles := Weekend miles + Commuter_miles Total Worcester miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TI_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOx) ...
+ (Total Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on road)-(SUV_ULEV _percentage)-(ULEV_NOx)

7
SUVNQOx = 1.586x 10" gm

SUVyc = Voggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV _on_road)-(SUV_SLEV percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_HC) ...
+ (Total_Worcester miles)-(SUV _on_road)-(SUV_TLEV percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_HC)

6



SUV (o = Vggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV on_road)-(SUV_TI_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...

+ (Total Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_CO)

8

Emissions Due to New Small Cars

SmCNox = Vogoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOX) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOX) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SmC_on road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOx) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

7
SmCNoy = 1.199% 10" gm

SmCyc = Vggoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...

SmCcq = Vogo2:

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

(Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_CO)

SmCeg = 1.508 x 10° gm



Emissions Due to New Large-Medium cars and Minivans

LMMNox = Vogop| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on _road)-(LMM_T1_percentage)-(T1_NOx) ...

+ (Total_Worcester_miles):(LMM _on_road)-(LMM_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

7

LMMyc = Vggoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_HC) ...

LMM¢q = V02

+ (Total_Worcester_miles)-(LMM_on road)-(LMM_SLEV percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...

+ (Total_Worcester _miles)-(LMM_on_road)-(LMM TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

6
LMMpc = 9.723x 10° gm

(Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV _percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV percentage)-(ULEV_CO)

LMMcq = 3313 % 10°gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)
Recalculated Old Vehicle Distributions

LDVO]d = SmCold + LMMOld LDV d= 0.8

ol
x100 percent distribution

LDTO]d = SUVOld LDTO'd =0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

LDV_92950q = 3455 LDV_92955c 1= 0.41-5%  LDV_9295, ¢y, := 1.0-E=
mi mi mi

LDT_92950q = 10-E2  LDT 9295, := 06755 LDT_9205, = 12-5
mi mi mi

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

o gm __ gm o gm
LDV_8291cg = 4.2 o LDV_8291y o = 0.80- o LDV_8291N0ox = 1.0 o
_10-8+ 18 gm ' gm ) gm
LDT 8291cq = —9—:} LDT_8291yqc = O.SO'E LDT_8291N0x = 1.2-;}_—

Pre 1982 Data:

33+3.1:2+24+1-2 gn

2324393 +15:5 gm

LDV_P82¢q = 0 " LDV_P82y oy = - E
LDV_P82y o = 343+ 1.?-05 + 0.41-2‘%

LDT P82 = 39-3+ 2:); + 18-4'% LDT_P82y . = 343+ 2134 + 1.7-6‘%
LDT P82y, = 33+3.1:4 + 236,@

13 mi



Emissions Calculations:
1992 - 1995
LDV9295CO = V9295-(Total_Worcester_miIes)-LDV_9295CO-LDC% LDV9295CO =72x 108ng

LDT92950 = Vo5 (Total_Worcester_miles) LDT_9295-yLDT%  LDT92950( = 5.294x 10° gm

LDV9295 ), = Vogygs-(Total_Waorcester_miles)-LDV_9295x0,-LDC% LDV9295y0, = 2.118x 10° gm

7
LDT92950y = Voggs (Total_Worcester_miles)-LDT 92950y LDT% LDT9295y0y = 6.353x 10" gm

LDV9295yc = Vgpgs:(Total_Worcester_miles)-LDV_9295;~LDC%  LDV9295y;~ = 8.683 x 107 gm

LDT9295yc = Vgpgs'(Total_Worcester_miles)-LDT_9295;~-LDT% LDT9295yc = 3.547 x 107gm
1982-1991

LDV8291 @ = Vgpg - (Total_Worcester_miles)-LDV_8291-5 LDC%  LDV8291-qg = 6.523 x IOng

LDT8291CO = V8291'(TOta]_WOFCCSteI'_miIES)~LDT_829ICO'LDTO/O LDT8291CO = 4.228 x ]08 gm

LDV8291\ox = Vgog(Total_Worcester_miles)-LDV_8291 g, LDC% LDV8291yoy = 1.553 x 108gm

LDT8291y05 = Voo -(Total_Worcester_miles)-LDT_8291x0, LDT% LDT8291y0, = 4.659x 10’ gm

LDV8291 vVOC = V829 1 -(Total_Worcester_miles)- LDV_8291 vOoC LDC% LDV8291 VOC = 1.242 x 1 08 gm

7
LDT8291y g = Vgog1-(Total_Worcester_miles)-LDT_8291y,LDT% LDT8291y ¢ = 3.106 x 10" gm

Pre 1982
LDVP82-( = Vpgy(Total_Worcester_miles)-LDV_P82~ LDC% LDVP82-q = 5.04 x ]08gm
LDTP82¢q = Vpgy:(Total_Worcester_miles)- LDT_P82- LDT% LDTP82cq = 1.275x 108gm

. 7
LDVP82y o = Vpgy (Total_Worcester_miles)- LDV_P82y;5,-LDC% LDVP82y oy = 4.852x 10" gm

LDTP82N oy = Vpgy (Total_Worcester_miles)-LDT_P82N, LDT% LDTP82Nx = 1434 x IO7gm

LDVP82y,c = Vpgy(Total_Worcester_miles)-LDV_P82y,~LDC%  LDVP82yqc = 3.922 x ]O7gm

LDTPSZVOC = VP82-(Total_Worcester‘miles)-LDT_P82VOC-LDT% LDTP82VOC = 1.157 x 107gm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:

COnew = LMMCO + SmCCO + SUVCO LMMCO = 365.2ton

SmCCO = 166.2ton

CcO ew = 704.5 ton

n SUVCO = 173.1ton

Nitrous Oxides:

NOXT‘ICW = LMMNOX + SmCNOX + SUVNOX LMMNOX = 26.5ton

NOxnew — §7.2ton SmCNOX = 13.2ton
SUVpNox = 17-5ton

Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC = 10.7ton

SmCHC = 5.6ton

HCpey = 24.9ton

SUVHC = 8.5ton
Total Emissions:

Emissionsnew = Conew + NOX‘new + chew

Emissionsnew = 786.6ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV92951( = 793.7ton LDV8291 g = 719ton LDVP82(q = 555.6ton
LDT92950( = 583.6ton LDT8291 ) = 466ton LDTP82(y = 140.6ton

COgq == LDV9295-( + LDT9295¢() + LDV8291 -y + LDT8291 gy ...
+LDVP82¢q + LDTP82

Nitrous Oxides:

LDV929550x = 233.4ton LDV8291n0y = 171.2ton LDVP82y gy = 53.5ton

15.8ton

LDT9295y0x = 70ton LDT8291yx = S1.4ton LDTP82y 04

NOXg4 i= LDV92955 0y + LDT9295 0 + LDV8291 oy + LDT8291 N0y -
+LDVP82y 0 + LDTP82N 04

HydroCarbons and Volatile Organic Compounds:

LDV9295c = 95.7ton LDV8291ync = 137ton LDVP82y, o = 43.2ton
LDT9295¢ = 39.1ton LDT8291y ¢ = 34.2ton LDTP82y ¢ = 12.7ton

+ LDVszvnp + LDTP82VOp



Totals for Older Vehicles:
COOId = 3258.5ton NOXO]d = 595.3ton HCold = 362ton

Emissionso]d = Coold + Noxold + Hco]d

Emissionsold = 4215.8ton

Calculate emissions of a population of SLEV

Number_of SLEV := (0.5)-(V%new)-Worcester_population-Vehicles_per_person

2
Commuter_milesg| gy = (Travel_distance)-(d—j -(Work_days)-(Number_of SLEV)
ay

Commuter_milesg gy = 0.166billion_miles ~driven per year
Commuter_milesg|_

Avg_commuter_milesg| gy = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_milesq| gy = Nomber of SLEV

T 1 di 2
Weekend milesg gy = (Mj‘(_

5 j-(Week_ends)-(Number_of_SLEV)

day

Weekend_milesg) gy = 32.985 million_miledriven per year

Weekend_milesgy gy

Avg weekend miles = 728 mi
Number of SLEV ' > S LY vehicle

driven per year

Avg_weekend_milesg| gy =

Total_Worcester_milesq gy := Weekend_milesg gy + Commuter_milesgy gy

Total_Worcester_milesgy gy = 0.199billion_miles

driven per year

SLEV @ := Total_Worcester_milesg| gyy'SLEV_CO  SLEV (@ = 218.855ton
SLEVc = Total_Worcester_milesg) py-SLEV_HC SLEVyc = 2.189ton

SLEVNx = Total_Worcester_milesg) gy-SLEV_NOx SLEVy oy = 4.377ton

Total_Emissions := Emissions ., + Emissionsg 4 + SLEV(~q + SLEV - + SLEVN oy

Total Emissions = 5227.8ton



COpop = SLEV g + COgd + COpeny COpop = 4181.9ton
NOXTOI = SLEVNOX + NOXO]d + NOXTleW NOXTOt = 656.9ton

HCr == SLEVpe + HCoiq + HC ey HCrpo = 389ton

EmissionsneW Emissionsold
2000 2000

Graphl := (

Total Emissions- All Vehicles, All Pollutants

Tons

DTI




Replacing 50% of all old Vehicles w/Hybrids billion_miles := 10°-mi

Assumptions: million_miles := 106~mi
Vehicles traveling through Worcester Travel an average of 7 miles each
Travel_distance := 7-mi
Work_days := 261-day
Week_ends := 104-day
City Data:
Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV = 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:

SUVoId = 0.20 Smcold = 0.20 LMMold = 0.60 LDT% = SUVold

- . - - 9 =
Age distribution of Vehicles on the Roads: LDC% := SmCoiq + LMMolg
V%4 = 0.55 55% of all worcester vehicles are
1982 - 1991  Vgog; = 0.22(0.50) old
Pre 1982  Vpg, = 0.03:(0.50)

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125.- £ TLEV_NOx := 0.4- 2%
mi mi
TLEV CO := 3.4.EC TLEV_HCHO := 0.015- 2%
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO

TLEV_HC = 0.14 €2
mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075- £ LEV_NOx := 0.2. 50
mi mi
LEV CO = 3.4.80 LEV_HCHO := 0.015- 82
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV HC = 0.09 22
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-2 ULEV_NOx := 0.2- &2
mi mi

ULEV CO = 1.7.80 ULEV_HCHO := 0.008- &2

mi mi
ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 82

mi
Super Low Emissions Vehicle Data:
SLEV_CO := 1.0-22 SLEV_HC = 0.01.2C SLEV_NOx := 0.02-82
mi mi mi

Zero Emissions Vehicle Data:

ZEV_CO = 0-88 ZEV_HC := 0.8% ZEV_NOx := 0-28
mi mi mi

Tier 1 Emissions Data:

T1 CO = 4.2. 82 T1_HC := 031.EC T1_NOx := 0.6- 8%
mi mi mi

Tabulated Vehicle Distribution for New Vehicles:

21
SUV_ZEV _percentage := 91—(5 LMM_ZEV_percentage := 0
0 0
SUV_SLEV_ percentage == — LMM_SLEV_percentage := —
100 100
4.5 19.13
SUV_ULEV_percentage := — LMM_ULEV_percentage := ———
- 100 100
51.82 70.40
SUV_LEV percentage := ——— LMM_LEV_percentage := ——
100 - 100
1.5 7.94
SUV_TLEV_percentage == — LMM_TLEV_percentage := ——
- 100 - 100
41.11 2.17
SUV_TI percentage := ——— LMM_TI1_percentage :== ——
- 100 100
0.26 65.17
SmC_ZEV_percentage .= —— SmC_LEV_percentage 1= ——
100 100
0 9.5
SmC_SLEV_percentage .= — SmC_TLEV_percentage := —
100 - 100
15.04 8.97
SmC_ULEV_percentage := 15.04 SmC_T1_percentage := ——
- 100 100



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-£2 ULEV_NOx = 0.2. 20
mi mi
ULEV_CO := 1.7.88 ULEV_HCHO := 0.008- 2"
mi mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 2%

mi
Super Low Emissions Vehicle Data:
SLEV_CO := 1.0-82 SLEV_HC := 0.01.2% SLEV_NOx := 0.02. 22
mi mi mi
Zero Emissions Vehicle Data:
ZEV_CO = 0-82 ZEV_HC = 0.8 ZEV_NOx := 0-82
mi mi mi
Tier 1 Emissions Data:
T1 CO = 4.2.E TI_HC := 0.31.80 T1_NOx = 0.6-EZ
mi mi mi
Tabulated Vehicle Distribution for New Vehicles:
0.21
SUV_ZEV _percentage := W LMM_ZEV _percentage := 0
0 0
SUV_SLEV_percentage := — LMM SLEV percentage := —
100 100
4.5 19.13
SUV_ULEV _percentage = — LMM_ULEV_percentage :== ———
- - 100 100
51.82 70.40
SUV_LEV percentage := —— LMM_LEV percentage .= ———
- 100 - 100
1.5 7.94
SUV_TLEV_percentage := — LMM_TLEV_percentage := ——
100 100
41.11 2.17
SUV_TI percentage == —— LMM_TI_percentage := ——
- P & 100 - P & 100
0.26 65.17
SmC_ZEV_percentage := — SmC_LEV_percentage == ———
- - 100 - 100
0 9.5
SmC_SLEV_percentage := — SmC_TLEV_percentage = —
100 - 100
15.04 8.97
SmC_ULEV_percentage := ——— SmC_T1_percentage := ——
100 100



SUV (@ = Vggoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_CO) ...

+ (Total _Worcester _miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...

+ (Total _Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on road)-(SUV_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_CO)

8

Emissions Due to New Small Cars

SmCNox = Vogoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC _SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1 _percentage)-(T1_NOx) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOXx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOX) ...

+ (Total_Worcester_miles)-(SmC _on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCNOX = 2.399 x ]07 gm

SmCyc = Vggop'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_HC) ...

SmCco = Voe02

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV percentage)-(TLEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road):(SmC_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCyc = 1.017x 107gm

(Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC _SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1 percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMp oy = Vggo2'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV percentage)-(SLEV_NOx) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TI1 _percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV _percentage)-(LEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

7
LMMpox = 4816 x 10" gm

LMMyc = Vggoo'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_HC) ...

LMMco = Vog02

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM on road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

LMMpc = 1,945 107 gm

(Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_TLEV _percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_CO)

8
LMM¢q = 6.626x 10° gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)
Recalculated Old Vehicle Distributions

LDVO]d = SmCOld + LMMOld LDVO]d = 0.8 ' . )
x100 percent distribution
LDTg 4 = SUVq4 LDTq = 0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

LDV_92950 i= 3450 LDV_9295,;c = 0.41-50  LDV_9295y0, = 1.0-5%
mi mi mi
LDT 929500 = 1082 LDT 9295, := 0.67-5%  LDT_9295y0, i= 1.2-5
mi mi mi

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

— gm — £egm — 1 0&M
LDV_8291 g = 4.2: " LDV_8291yoc = 0.80- . LDV_8291NOX = 1.0 o
_10-8+18 gm ) gm ) gm
LDT_829ICO = _T—E LDT7829]VOC = O.SO-E LDT_8291N0ox = l.2-g

Pre 1982 Data:

23:2+39-3+ 155 gm 334+3.1-2+24+1.2 gm

LDV_P82¢q := ~ - LDV_P82y 0y = - =
3.4:341.55+0.41-2 gm
LDV_P82VOC = 10 ;}
39-3420-5+ 184 gm 3.43+2:4+1.7-6 gm
LDT P82 = £ LDT P82y = gL
RSY 12 mi - "evoce 13 mi
34304423
LDT P82y, = 334314+ 6.@

13 mi



Emissions Calculations:
1992 - 1995
LDV9295c0 = Vgpg5:(Total_Worcester_miles)-LDV_9295-4-LDC% LDV92950-q = 3.6 x 108gm

. 8
LDT9295¢( = Vgpg5 (Total_Worcester_miles)-LDT_9295-q-LDT% LDT9295¢q = 2.647x 10" gm

8
LDV9295N0x = Voogs-(Total_Worcester_miles)-LDV_9295x055'LDC% LDV9295y0, = 1.059x 10° gm

. 7
LDT9295N0x = V9295 (Total_Worcester_miles)-LDT_9295504 LDT% LDT9295\ gy = 3.177x 10 gm

LDV9295yc = Vgogs:(Total_Worcester_miles)-LDV_9295;~LDC% LDV9295yc = 4.341 x 107gm

LDT9295y ¢ := Vgog5 (Total_Worcester_miles)-LDT_9295;~LDT% LDT9295yc = 1.774 % 107gm
1982-1991

LDV8291 - = Vgog)-(Total_Worcester_miles)-LDV_8291~n-LDC% LDV8291 g = 3.261 x lOggm

8
LDT8291 - = Vgog-(Total_Worcester_miles)-LDT_8291~n-LDT% LDT8291cp = 2.114x 10" gm

. 7
LDV8291 N0y = Vgog)-(Total_Worcester miles)-LDV_8291y 0y LDC% LDV8291y0y = 7.765% 10" gm

. 7
LDT8291N0ox = Vgog(-(Total_Worcester_miles)-LDT_8291 g, LDT% LDT8291Noy = 2.33x 10 gm

. 7
LDV8291y ¢ = Vgpg1-(Total_Worcester_miles)- LDV_8291y,c-LDC% LDV8291y,oc = 6.212x 10" gm

. 7
LDT8291y ¢ = Vgyg| (Total_Worcester_miles)-LDT_8291yc-LDT% LDT8291yqc = 1.553x 10 gm

Pre 1982
LDVP82(( := Vpgy'(Total_Worcester_miles)-LDV_P82~n-LDC% LDVP82-q = 2.52x 108gm
LDTP82¢( = Vpgy-(Total_Worcester_miles)-LDT_P82~n-LDT% LDTP82¢- = 6.375x 107gm

LDVP82\ oy = Vpgy-(Total_Worcester_miles)-LDV_P82y\ 5, LDC% LDVP82\ox = 2426 x ]07gm

. 6
LDTP82y 0y = Vpgy(Total_Worcester_miles)-LDT_P82\g, LDT%  LDTP82yox = 7.168% 10 gm

. 7
LDVP82y ¢ = Vpgy (Total_Worcester_miles)-LDV_P82y;-LDC%  LDVP82y,oc = 1.961x 10" gm

. 6
LDTP82y ¢ = Vpgy-(Total_Worcester_miles)-LDT_P82y,~ LDT% LDTP82y g = 5.783x 10" gm



Total Emissions of New Vehicles, (English Tons):
Carbon Monoxide:
COnew = LMMCO + SmCCO + SUVCO LMMCO = 730.4ton

SmCCO = 332.4ton
COp ey = 1409 ton

n SUV g = 346.1 ton

Nitrous Oxides:

NOxnew = LMMNOX + SmCNOX + SUVNOX LMMNOX — 53.1ton

NOX gy = 114.5t0n SMENOx = 26-4ton
SUVNQx = 35ton

Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC = 21.4ton

SmCHC = 11.2ton
SUVpc = 17.1ton

HC ew = 49.7 ton

n
Total Emissions:

Emissionsn = COneW + NOxneW + HCn

ew * ew

EmissionsneW = 1573.2ton

Total Emissions of Older Vehicles, (English Tons):
Carbon Monoxide:

LDV9295() = 396.9ton LDV8291 ¢ = 359.5ton LDVP82(( = 277.8ton
LDT9295¢0 = 291.8ton LDT8291 ¢ = 233ton LDTP82( = 70.3ton

COgyq = LDV9295 ¢ + LDT9295¢ + LDV8291 -y + LDT8291 oy ...

+LDVP82-( + LDTP82(
Nitrous Oxides:
LDV9295N0x = 116.7ton LDV8291ox = 85.6ton LDVP82y oy = 26.7ton
LDT9295N0x = 35ton LDT8291yox = 25.7ton LDTP82y gy = 7-9ton
NOx 4 := LDV9295y0x + LDT9295y 0, + LDV8291 0, + LDT8291 0y --
+LDVP82y oy + LDTP82 0
HydroCarbons and Volatile Organic Compounds:
LDV9295yc = 47.9ton LDV8291yqc = 68.5ton LDVP82y o = 21.6ton
LDT9295c = 19.6ton LDT8291yqc = 17.1ton LDTP82y ¢ = 6.4ton

HC,jq = LDV9295 + LDT9295, + LDV8291y, o + LDT8291y o -



Totals for Older Vehicles:
Coo]d = 1629.3ton NOXOld = 297.7ton HCold = 181ton

EmiSSiOﬂSold = COold + NOXO]d + HCold

Emissionsold = 2107.9ton

Calculate emissions of a population of SLEV

Number_of SLEV := (0.50)-(V%o| d) -Worcester_population- Vehicles per_person

2
Commuter_milesg gy = (Travel_distance)~(d—j-(Work_days)v(Number_of_SLEV)
ay

Commuter_milesg) gy = 0.202billion_miles driven per year
Commuter_milesg| g

3
Avg_commuter_miles =3.654x 10" mi
Number_of SLEV & - SLEV

per vehicle
driven per year

Avg_commuter_milesg] gy =

Travel_distancej [ 2

-(Week_ends)-(Number_of SLEV)
2 day

Weekend_milesg) gy = [

Weekend_milesg) gy = 40.314million_milesriven per year

Weekend_mi lesSLEV
Number of SLEV

Avg_weekend_miles = \vg_weekend miles = 728 mi
SLEV SLEV

per venicle
driven per year

Total_Worcester_milesg| gy = Weekend_milesg gy + Commuter_milesg) gy

Total_Worcester_milesgy gy = 0.243billion_miles

driven per year
SLEV ¢ = Total_Worcester_milesg| gy*SLEV_CO  SLEV g = 267.489ton
SLEV = Total_Worcester_milesqy gy-SLEV_HC SLEVyc = 2.675ton

SLEVNQy = Total_Worcester_milesgy gy-SLEV_NOx SLEVy oy = 5.35ton

Total _Emissions := Emissions + Emissionsg) 4 + SLEV (g + SLEV - + SLEV o

new ol

Total_Emissions = 3956.6 ton



COTOt = SLEVCO + COOld + COnew COTOt = 3305.7ton
NOXTq = SLEVNOX +NOx 4 + NOXp o NOXTot = 417.5ton
HCTot = SLEVHC +HC 4+ chew HCrpq = 233.4ton
Emissionsn ew Emissi onsy 4
Graphl =
2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons

LPTI




Replacing 75% of all new Vehicles w/Hybrids billion_miles := 10°-mi
Assumptions: million_miles := 106-mi

Vehicles traveling through Worcester Travel an average of 7 miles each

Travel_distance = 7-mi

Work_days := 261-day

Week_ends := 104-day
City Data:

Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:
Newer Vehicles:
SUV :=0.275 SmC := 0.21 LMM := 0.51
Older Venhicles:

SUVO]d = 0.20 SmCold = 0.20 LMMOld = 0.60 LDT% := SUVOId

Age distribution of Vehicles on the Roads: LDC% := SmCojq + LMMojg

1996 - 2002 Ve, = 0.45:(0.25) _
9602 V%new = 045

V%g1q = 0.55 55% of all worcester vehicles are

1982 - 1991 V8291 =0.22 "old"
Pre 1982 Vpg, = 0.03

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125.82 TLEV_NOx := 0.4- 22
mi mi
TLEV_CO := 3.4.8% TLEV_HCHO := 0.015.EC
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14E2

mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075- 22 LEV_NOx := 0.2.82
mi mi
LEV CO = 3.4.20 LEV_HCHO := 0.015- 82
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.09 22
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04- 22
mi

ULEV_NOx := 0.2.EC

mi

gm

mi

ULEV_CO := 1.7-

gm

ULEV_HCHO := 0.008-=—

mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 2%
mi

Super Low Emissions Vehicle Data:

SLEV_HC := 0.01.2%

mi

SLEV_CO := 1.0-82
mi

Zero Emissions Vehicle Data:

ZEV_CO = 0-28 ZEV_HC = 0-88

mi mil
Tier 1 Emissions Data:
T1 CO = 4.2.82 T1_HC := 0.31.82
mi mil

Tabulated Vehicle Distribution for New Vehicles:

SLEV_NOx := 0.02- £
mi

ZEV_NOx := 0-28
mi

T1_NOx := 0.6-EZ
mi

0.21
SUV_ZEV _percentage := 1—00 LMM_ZEV percentage := 0
0 0
SUV_SLEV percentage := — LMM_SLEV_percentage := —
100 100
4.5 19.13
SUV_ULEV percentage := — LMM_ULEV_percentage := ———
100 - 100
51.82 70.40
SUV_LEV_percentage := —— LMM_LEV percentage := ——
100 - - 100
1.5 7.94
SUV_TLEV percentage := — LMM TLEV_percentage = ——
100 B 100
41.11 2.17
SUV _TI_percentage := ——— LMM_TI percentage := ——
100 - 100
0.26 65.17
SmC_ZEV_percentage := Ry SmC_LEV_percentage := W

0
SmC_SLEV_percentage := —

9.5
SmC TLEV_percentage := —

100 100
15.04 8.97
SmC_ULEV_percentage :== —— SmC_T1_percentage :== ——
100 100



Percentages of Each New Vehicle Type Observed on the Road:

SmC_on_road :

2395 LMM on road := .5418

SUV _on_road := .2187

Equations:

Number_of Vehicles := 1.0-Worcester_population- Vehicles_per_person
Number_of Vehicles = 201371
2
Commuter_miles := (Travel_distance)~(d—)-(Work_days)(Number_of_Vehicles)
ay

Commuter_miles = 0.736billion_miles driven per year

Commuter_miles

Avg_commuter_miles = 3.654 x IO3 mi
per vehicle
driven per year

Avg_commuter_miles := ,
- - Number_of Vehicles

Weekend_miles := ( 5

Travel_di 2
w] : (d—J -(Week_ends)-(Number_of Vehicles)
ay

Weekend_miles = 146.598 million_milesriven per year

Weekend_miles

Avg_weekend miles := Avg_weekend _miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total_Worcester_miles := Weekend_miles + Commuter_miles Total_Worcester_miles = 0.882 billion_miles
driven per year

Emissions Due to New SUV's

SUVNox = Vogop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage):-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOX) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_ULEV percentage)-(ULEV_NOx)

6
SUVNOx = 7931 x 10" gm

SUVy = Vggoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV _on road)-(SUV_TI_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_HC)

6



SUV( = Vggoyp| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)

7

Emissions Due to New Small Cars

SmCNox = Vogoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOXx) ...
+ (Total_Worcester_miles)-(SmC _on_road)-(SmC_T1_percentage)-(T1_NOXx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOX) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCy oy = 5997 x 10%gm

SmCyyc = Voggop| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester _miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCr = Vggo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV percentage)-(SLEV_CO) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_CO)

SmCCO = 7.54 x 107gm



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Vggoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_SLEV _percentage)-(SLEV_NOX) ...
+ (Total Worcester_miles)-(LMM on_road)-(LMM_T1_percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

.
LMMyox = 1204 10" gm

LMMyc = Vggoo'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...

LMM¢q = Vgg02:

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_HC)

6
LMMyyc = 4.861 x 10° gm

(Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(LMM on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

8
LMMcq = 1.657x 10" gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)

Recalculated Old Vehicle Distributions

LDVO]d = SmCO]d + LMMO]d LDVOId =0.8

x100 percent distribution
LDT

ol ol

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

= 34.8M - gm - 10.80
LDV_9295¢ 1= 3425 LDV 9295yc 1= 041- 22 LDV 929550y = 1.0-—
0.8 — g7 B . Em
LDT 92950q = 1025 LDT 9295y = 0.67- = LDT 92950 i= 1.2~

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

— 498N - gm 1 &M
LDV_8291¢ = 4225 LDV 82910 = 0802 LDV_8291N0y 1= 105
_10-8+18 gm ) gm ) gm
LDT_8291¢q = —— 7 LDT 8291y = 08052 LDT_8291Ng, = 125

Pre 1982 Data:

23-2+39-3+155 gm 334+3.1:2+2:4+ 12 gm

LDV_P82-q = 0 - LDV_P82N 0y = . E
3434+155+041-2 gm
39-3+20-5+ 184 gm 343+4+24+1.76 gm
LDT P82 = = LDT P82 = =
- 7°Co 12 mi - VoC 13 mi
. 1-4+23.
LDT_P82y0 = 3:3+3.1-14423 6 gm

13 mi



Emissions Calculations:
1992 - 1995
LDV9295:-( = Vgygs-(Total_Worcester_miles)-LDV_9295--LDC%  LDV9295-¢ = 7.2x 108gm

8
LDT9295¢0 = Vgags (Total Worcester_miles)-LDT_92950'LDT%  LDT9295-q = 5.294x 10" gm

. 8
LDV9295\0x = V995 (Total_Worcester_miles)- LDV_9295N0, ' LDC% LDV9295\gx = 2.118x 10" gm

LDT9295y0ox = V9995 (Total_Worcester_miles)-LDT_9295y ' LDT% LDT9295y0x = 6-353 % 107gm

LDV9295 ¢ = Vgpg5-(Total_Worcester_miles)-LDV_9295;~-LDC%  LDV9295,;~ = 8.683 x IO7gm
LDT9295yy~ =V -(Total_Worcester_miles)-LDT 92951~ LDT% LDT92951~ = 3.547 x IO7 gm
HC 9295 - - - HC HC
1982-1991
LDV8291 ¢ := Vgog)-(Total_Worcester_miles)-LDV_8291~n-LDC% LDV8291l g = 6.523 x 108gm

LDT8291 ¢ = Vgog1-(Total_Worcester_miles)-LDT_8291-~n-LDT% LDT8291 g = 4.228 x ]08gm

LDV8291y 0y = Vgoo1-(Total_Worcester_miles):LDV_8291 5o LDC% LDV8291yq, = 1.553x 10°gm

. 7
LDT8291N0x = Vgog|-(Total_Worcester_miles)-LDT_8291Ngy' LDT% LDT8291Ny = 4.659% 10 gm

LDV8291y 0 = Voo -(Total_Worcester_miles)-LDV_8291yoc-LDC% LDV829 1y o = 1242 10° gm

. 7
LDT8291y ¢ = Vgog-(Total_Worcester_miles)-LDT_8291y,-LDT% LDT8291ygc = 3.106x 10" gm

Pre 1982
LDVP82( := Vpgy-(Total_Worcester_miles)-LDV_P82~ LDC% LDVP82-n = 5.04 x 108 gm
LDTP82¢( := Vpgy-(Total_Worcester_miles)-LDT_P82-n-LDT% LDTP82¢q = 1.275x 108gm

LDVP82y0y = Vpgy (Total_Worcester_miles)-LDV_P82y,'LDC%  LDVP82y, = 4.852x 10’ gm

. 7
LDTP82Nox = Vpgo (Total_Worcester_miles)- LDT_P82N g, LDT% LDTP82Nox = 1434 x 10 gm

LDVP82y g = Vpgy (Total_Worcester_miles)-LDV_P82y,~-LDC%  LDVP82y,oc = 3.922x IO7gm

. 7
LDTP82y o = Vpgy (Total_Worcester_miles)-LDT_P82y,LDT% LDTP82y oc = 1.157x 10" gm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:
COnew = LMMCO + SmCCO + SUVCO LMMCO = [82.6ton

SmCCO = 83.1ton

COpey = 352.2ton

n SUVCO = 86.5ton

Nitrous Oxides:

NOXp ey = LMMyox + SMCrox + SUVNOX LMMyo4 = 13.3ton

Noxnew — 28.6ton SmCNOx = 6.6ton
SUVNOx = 8.7ton

Hydocarbons:

HCnew = LMMHC + SmCHC + SUVHC LMMHC = S.4ton

SmCHC = 2.8ton
SUVHC = 43ton

HC ew = 12.4ton

n
Total Emissions:

Emissionsnew = Conew + NOxneW + HCnew

Emissionsnew = 393.3ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295, = 793.7ton LDV8291¢( = 719ton LDVP82(y = 555.6ton
LDT9295¢(, = 583.6ton LDT8291 = 466 ton LDTP82(y = 140.6ton

COgq = LDV9295 -y + LDT92951 + LDV8291 oy + LDT8291 ¢ ..
+LDVP82 + LDTP82(

Nitrous Oxides:

LDV9295N0x = 233.4ton LDV8291yoy = 171.2ton LDVP82y 0y = 53.5ton

LDT92950x = 70ton LDT829 1oy = S1.4ton LDTP82y0y = 15.8ton

NOx ;4 i= LDV9295y 05 + LDT9295N 0 + LDV8291 0 + LDT8291 N0 -
+LDVP82y 0 + LDTP82 04

HydroCarbons and Volatile Organic Compounds:

LDV9295HC = 95.7ton LDV8291lyoc = 137ton LDVP82y o = 43.2ton

+LDVP82y o + LDTP82y ¢



Totals for Older Vehicles:

COyjq = 3258.5ton NOx)q = 595.3ton HC1q = 362ton
Emissionsold = COold + NOXO]d + HCOId

Emissionsold = 4215.8ton

Calculate emissions of a population of SLEV

Number_of SLEV := (0.75) (V% -Worcester_population- Vehicles_per_person

new)

2
Commuter_milesg| gy = (Trave]_distance)-(d—j‘(Work_days)-(Number_of_SLEV)
ay

Commuter_milesg gy = 0.248billion_miles ~ driven per year
Commuter_milesg| g

. 3 .
Avg commuter miles = 3.654x 10" mi
Number_of SLEV 8- - SLEV

per vehicle
driven per year

Avg_commuter_milesg| gy =

Travel distance

Weekend_milesg) gy = ( 5

j.[dij.(week_ends)-(Number_of_SLEV)
ay

Weekend_milesg gy = 49.477 million_milesriven per year

Weekend_milesg| gy
Number of SLEV

Avg_weekend_milesg| gy = \vg_weekend_milesgy gy = 728 mi

per venicle
driven per year

Total_Worcester_milesg gy := Weekend_milesg| gy + Commuter_milesg) gy

Total_Worcester_milesg; gy = 0.298billion_miles

driven per year

SLEV (g = Total_Worcester_milesg; gySLEV_CO  SLEV 5 = 328.282ton
SLEVyc = Total_Worcester_milesg| gy SLEV_HC SLEVyc = 3.283ton

SLEVNQyx = Total_Worcester_milesg) gy*SLEV_NOx SLEVy oy = 6.566ton

Total_Emissions := Emissions,q, + Emissions;;q+ SLEVq + SLEVY - + SLEVy oy

Total Emissions = 4947.3 ton



COTOt = SLEVCO + COOld + COnew COTOt = 3939ton
NOXTO[ = SLEVNOX + NOXold + NOXTICW NOXTO[ = 630.5ton
HCrot = SLEVyc + HCplg + HCpey HCrpq = 377.7ton
Emissions Emissions
Graphl := new old
2000 2000

Total Emissions- All Vehicles, All Pollutants

—




Replacing 75% of all old Vehicles w/Hybrids billion_miles = 10°-mi

Assumptions: million_miles := 106-mi
Vehicles traveling through Worcester Travel an average of 7 miles each
Travel distance := 7-mi
Work_days := 261-day
Week ends := 104-day
City Data:
Worcester_population := 254900  people
Vehicles_per person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV = 0.275 SmC = 0.21 LMM := 0.51
Older Vehicles:
SUV41g =020  SmC q4:=020 LMM = 0.60 LDT% = SUV 4

. - - - % = )
Age distribution of Vehicles on the Roads: EDCY% = SmCopq + LMMojq
V%g1q = 0.55 55% of all worcester vehicles are
1982 - 1991  Vgyg = 0.22(0.25) old
Pre 1982 Vpg, = 0.03:(0.25)

Transitional Low Emissions Vehicle Data:

TLEV NMOG := 0.125- 22 TLEV_NOx := 0.4-£2
mi mi
TLEV CO = 3.4.82 TLEV_HCHO := 0.015-82
mil mi

TLEV HC = TLEV NMOG + TLEV_HCHO

TLEV_HC = 0.14 €2
mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075- 22 LEV NOx := 0.2.£2
mi mi
LEV CO = 3.4.82 LEV HCHO := 0.015-82
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.098%

mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-£% ULEV_NOx := 0.2.£2
mi mi
ULEV CO = 1.7.85 ULEV_HCHO := 0.008- £
mi mi

ULEV_HC = ULEV_NMOG + ULEV_HCHO

gm
ULEV_HC = 0.048=—
mit

Super Low Emissions Vehicle Data:

gm gm gm
SLEV CO := 1.0-=— SLEV_HC := 0.01-=— SLEV_NOx := 0.02-=—
mit mi mi

Zero Emissions Vehicle Data:

ZEV_CO = 0.22 ZEV_HC = 0.82 ZEV_NOx := 0-22
mi mi mj

Tier 1 Emissions Data:

T1 CO = 42.580 T1 HC = 031.82 TI NOx = 0.6- 2%
mil mi mi

Tabulated Vehicle Distribution for New Vehicles:
SUV_ZEV percentage := ﬂ

100 LMM_ZEV_percentage = 0

0 0
SUV_SLEV percentage .= — LMM SLEV percentage = —

100 100
4.5 19.13
SUV_ULEV_percentage := — LMM_ULEV_percentage := ———
100 - 100
51.82 70.40
SUV_LEV percentage == ——— LMM LEV percentage == ———
- 100 100
. 1.5 7.94
SUV_TLEV percentage := — LMM_TLEV_percentage := ——
- 100 - 100
41.11 2.17
SUV _TI percentage .= —— LMM TI1 percentage := ——
P & 100 P & 100
0.26 65.17
SmC ZEV percentage == —— SmC LEV percentage := ——
- P £ 100 - P & 100
SmC SLEV t 0 SmC TLEV t 93
m ) ercentage == —— ercentage = ——
- P & 100 - P & 100
SmC ULEV t 15.04 SmC T1 pe t 8.97
m ercentage ;= —— m rcentage ;= ——
- P & 100 P g 100



Percentages of Each New Vehicle Type Observed on the Road:
SmC _on_road := .2395 LMM on _road := .5418
SUV_on_road := .2187

Equations:

Number_of Vehicles := 1.0- Worcester_population- Vehicles per person

Number of Vehicles = 201371
. . 2 .
Commuter_miles := (Travel distance)- (d—}-(ka_days)-(NumberofVehlcles)
ay

Commuter_miles = 0.736 billion_miles driven per year

Commuter_miles
Number_of Vehicles

Avg commuter miles = 3.654 x ]03 mi
per vehicle
driven per year

Avg commuter_miles :=

T « I i t 2
Weekend miles := (MN

— |-(Week_ends)-(Number_of Vehicles)
2 day

Weekend miles = 146.598 million_milesriven per year

Weekend _mil . .
Avg_ weekend miles := cekend.m e.:s Avg weekend miles = 728 mi
Number_of Vehicles per vehicle

driven per year

Total Worcester miles := Weekend miles + Commuter_miles Total Worcester_miles = 0.882 billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOx) ...
+ (Total Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on road)-(SUV_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester miles)-(SUV_on road)-(SUV_TLEV_percentage)-(TLEV NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV percentage)-(LEV_NOX) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_NOx)

;
SUVNOy = 3.172x 10" gm

SUVy = Vggoo'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1_HC) ...
+ (Total Worcester_miles)-(SUV_on road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_HC)

7
SUVpe = 1.549x 10 gm



SUV(@ = Vggo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_CO) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TI1_percentage)-(T1 _CO) ...
+ (Total Worcester miles)-(SUV_on_road)-(SUV_TLEV percentage)-(TLEV_CO) ...
+(Total _Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester miles)-(SUV_on road)-(SUV_ULEV_percentage)-(ULEV_CO)

8
SUV(Q = 3.14x 10" gm

Emissions Due to New Small Cars

SmCNy = Vogoo'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOX) ...
+ (Total_Worcester miles)-(SmC on road)-(SmC_SLEV_percentage)-(SLEV_NOXx) ...
+ (Total_Worcester miles)-(SmC _on_road)-(SmC_T1 percentage)-(T1 NOx) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC_TLEV percentage)-(TLEV_NOx) ...
+(Total_Worcester_miles)-(SmC_on_road)-(SmC LEV_percentage)-(LEV_NOXx) ...
+ (Total_Worcester miles)-(SmC on road)-(SmC_ULEV_percentage)-(ULEV_NOx)

;
SmCry = 2:399x 10" gm

SmCyc = Vggo'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester miles)-(SmC on_road)-(SmC_T1_percentage)-(T1 _HC) ...
+ (Total Worcester miles)-(SmC_on_road)-(SmC_TLEV percentage)-(TLEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_LEV percentage)-(LEV_HC) ...
+(Total Worcester _miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCyye = 1.017 x ]O7gm

SmCr( = Vggoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester miles)-(SmC on road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester miles)-(SmC _on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester miles)-(SmC on_road)-(SmC_TLEV percentage)-(TLEV_CO) ...
+(Total Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC _ULEV_percentage)-(ULEV_CO)

SmCeo = 3.016x 10° gm



Emissions Due to New Large-Medium cars and Minivans

LMMy 0y = Vogoo'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_NOXx) ...

+ (Total_Worcester miles)-(LMM _on_road)-(LMM SLEV percentage)-(SLEV_NOX) ...
+ (Total_Worcester miles)-(LMM on_road)-(LMM T1_percentage)-(T1 NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOXx) ...
+ (Total Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOXx) ...

+ (Total Worcester miles)-(LMM on_road)-(LMM_ULEV _percentage)-(ULEV_NOx)

;
LMMy oy = 4.816x 10" gm

LMMyyc = Vggoy:| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_HC) ...

LMMcq = Vogoo

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV percentage)-(SLEV_HC) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester miles)-(LMM on road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV percentage)-(ULEV_HC)

7

(Total Worcester _miles)-(LMM on_road)-(LMM_ZEV percentage)-(ZEV_CO) ...

+ (Total_Worcester miles)-(LMM _on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1 CO) ...

+ (Total_Worcester_miles)-(LMM_on road)-(LMM_TLEV percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV percentage)-(LEV_CO) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

LMMcq = 6.626x 10°gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dui
Trucks (LDT)

Recalculated Old Vehicle Distributions

LDVOld = SmCO]d + LNMOId LDVOld =0.8

x100 percent distribution

LDTOld = SUVOId LDTO]d =02

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

LDV 92951 = 3450 LDV_92954c = 0.41-50  LDV_9295yq, = 1.0-5%
mi mi mi
LDT_92950¢ = 1050 LDT 9295, := 0.67-5%  LDT_9295y0, = 1.2- 2%
mi mi mi

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

. gm . gm ) gm
LDV_8291-q = 42:=— LDV_8291yc = 0.80-=— LDV_8291 0y = 1.0=—
mi mi mi

~10:8+18 gm ) gm ) gm
LDT_8291¢q := T:l LDT_8291y,oc = 0.80-;i LDT_8291\ox = l.2-§

Pre 1982 Data:

23-2+39-3+15-5 gm

LDV_P82¢() = n " LDV_PRyq, = 3343 2] ]+ 244 "2.%
LDV pizyq = 243+ 1.?-05 ¥ 0.41-2'i_n:

LDT _P82¢q = 39-3 + 21025 + 18-4.i_nil LDT_P82y ¢ = 343+ 2134 + ].7-6.i_ni1
LDT piay iz 2t 3141236 gm

13 mi



Emissions Calculations:
1992 - 1995
LDV9295-( = Vgngs-(Total_Worcester_miles)-LDV_9295-~4-LDC%  LDV9295,-4 = 1.8 x 108 em

LDT9295¢( = Vogpgs (Total_Worcester_miles)-LDT_9295~ LDT% LDT92950 = 1.324 x 108 gm

LDV9295\0x = Vogogs-(Total_Worcester_miles)-LDV_9295y,,' LDC% LDV9295y gy = 5294 x I()7 gm

LDT9295N0x = Vogpgs5 (Total_Worcester_miles)-LDT_9295y0 ' LDT% LDT9295y = 1.588 x 107 gm

LDV9295(c = Vgogs (Total_Worcester_miles)-LDV_9295y~LDC% LDV9295yy- = 2.171 x 107 gm

LDT9295¢c = Vgogs (Total_Worcester_miles)-LDT_9295;~LDT% LDT9295pc = 8.868 % 106 gm
1982-1991

LDV8291 - := Vgog;-(Total_Worcester_miles)-LDV_8291 - LDC% LDV8291 g = 1.631x IO8 gm

LDT8291 - = Vgoo-(Total_Worcester_miles)-LDT 8291 LDT%  LDT8291¢0 = 1.057 x 10° gm

LDV8291x0 i= Vgrgy-(Total Worcester_miles)-LDV_8291x,0,-LDC% LDV8291y, = 3.883 x 10’ gm

LDT8291N0x = Vg9 (Total_Worcester_miles)-LDT_8291y LDT% LDT8291 0y = 1.165x ]07 gm

. 7
LDV8291y ¢ = Vgog1-(Total_Worcester_miles)-LDV_8291y,-LDC% LDV8291y, g = 3.106 x 10" gm

LDT8291y0¢ = Vgoor-(Total_Worcester miles)-LDT 8291y -LDT% LDT8291y0c = 7.765 x 100 gm

Pre 1982
LDVP82CO = Vp82-(TotaLWorcester_miles)-LDV_P82CO-LDC% LDVP82CO = 1.26 x ]08 gm
. 7
LDTP82¢( = Vpgy(Total_Worcester_miles)-LDT_P82-n-LDT% LDTP82-n = 3.188x 10 gm

LDVP82y 0y = Vpgy (Total_Worcester_miles)-LDV_P82y,,-LDC% LDVP82y oy = 1213 107 gm

LDTP82y oy = Vpgy (Total_Worcester_miles)- LDT_P82y,-LDT% LDTP82N(y = 3.584 % I()6 gm

LDVP82y;o = Vpgy (Total_Worcester_miles)-LDV_P82y,-LDC%  LDVP82y - = 9.805 x IOGgm

. 6
LDTP82y, o = Vpgy(Total_Worcester_miles)-LDT_P82y,-LDT% LDTP82y - = 2.892x 10 gm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:

COnew = LWCO + SmCCO + SUVCO LMMCO = 730.4ton
SmCCO = 332.4ton

=14
COnew = 1409ton SUV g = 346.1ton

Nitrous Oxides:

NOXneW = LMMNOX + SmCNOX + SUVNOX LMMNO‘( ~ 53 1ton

SmCNOX = 26.4ton

NOX, ey = 114.5ton

SUVyoy = 35ton
Hydocarbons:

=1L \Y
HCHCW MMHC + SmCHC + SU HC LMMHC -~ 21 4ton

SmCHC = 11.2ton

chew = 49.7ton

SUVHC = ]7] ton
Total Emissions:

Emlssmnsnew = COnew + NOxneW + chew

Emissionsnew = 1573.2ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295-q = 198.4ton LDV8291 ¢ = 179.8ton LDVP82( = 138.9ton
LDT9295(, = 145.9ton LDT8291 ¢ = 116.5ton LDTP82¢q = 35.1ton

COyg = LDV9295 -y + LDT9295y + LDV8291 -y + LDT8291 ¢y .

+LDVP82¢ + LDTP82(y
Nitrous Oxides:
LDV9295y0x = 58.4ton LDV8291N 0y = 42.8ton LDVP82y oy = 13.4ton
LDT9295y0x = 17-5ton LDT8291N0x = 12-8ton LDTP82y oy = 4ton

NOxy;4 = LDV92955 0y + LDTI295 0y + LDV8291y (9 + LDT829 13 -
+LDVP82y oy + LDTP82y 0y

HydroCarbons and Volatile Organic Compounds:

LDV9295;c = 23.9ton LDV8291y ¢ = 34.2ton LDVP82y ¢ = 10.8ton
LDT9295} = 9.8ton LDT8291y0¢ = 8.6ton LDTP82y, ¢ = 3.2ton

+LDVP82y e + LDTP82y o



Totals for Older Vehicles:

COq = 814.6ton NOxg|4 = 148.8ton HC,}4 = 90.5ton

ol ol

Emissionsold = CO d+ NOx d+ Hcold

ol ol

Emissionsold = 1054 ton

Calculate emissions of a population of SLEV

Number of SLEV := (0.75)~(V%01d)-WorcesterJ)opulation-VehiclesfperJ)erson

2
Commuter_milesgy gy := (Travel_distance)- (d_] -(Work_days)-(Number_of SLEV)
ay

Commuter_milesgy gy = 0.304billion_miles driven per year
Commuter_milesg g

Avg_commuter_milesg) gy = 3.654 x IO3 mi
per vehicle
driven per year

Avg_commuter_milesgy gy = Number of SLEV

Travel_distancej [i

-(Week_ends)-(Number_of SLEV)
2 day - -

Weekend_milesgy gy = (

Weekend_milesg) gy = 60.472million_milesriven per year

Weekend_milesgp gy

Avg_weekend_milesq) gy = Avg_weekend_milesgp py = 728 mi
per venicle

driven per year

Number_of SLEV

Total Worcester_milesqp gy := Weekend_milesgy gy + Commuter_milesgy gy

Total_Worcester_milesgp py = 0.364billion_miles

driven per year

SLEV ¢ = Total_Worcester_milesgy gy*SLEV_CO  SLEV (- = 401.234ton
SLEVyyc := Total_Worcester_milesgy gy SLEV_HC SLEVyc = 4.012ton

SLEVy oy = Total_Worcester_milesg gy-SLEV_NOx SLEVy\ gy = 8.025ton

Total_Emissions := Emissions, .., + Emissionsq;q + SLEV - + SLEV{yc + SLEVy o

Total Emissions = 3040.4 ton



COTOt = SLEVCO +CO

4+ O COpog = 2624.9ton

NOXo = SLEVN Oy + NOX, g+ NOX NOxpo = 271.3 ton

HCTOt = SLEVHC + HCOld + HC

Graphl := (

new HCpo( = 144.2t0n

Emlssmnsnew Emlssmnsold]

2000 2000

Tons

Total Emissions- All Vehicles, All Pollutants

L

DTP82y e = 12




Replacing 100% of all Vehicles w/Hybrids billion_miles := 10°-mi

Assumptions: million_miles := 106-mi
Vehicles traveling through Worcester Travel an average of 7 miles each

Travel distance := 7-mi

40% of the pollutants in the air come from vehicles
Work_days := 261-day
Week_ends := 104-day
City Data:
Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV = 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:
SUV,4q=020 SmCg4:=020 LMMg 4= 0.60 LDT% := SUV 4

- N . . 0 =
Age distribution of Vehicles on the Roads: LDC% = SmColq + LMMg)g

1982 - 1991  Vgoq) = 0.22
Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125- 22 TLEV_NOx := 0.4- 82
mi mi
TLEV_CO := 3.4.8% TLEV_HCHO := 0.015-&2
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.1482
mi

Low Emissions Vehicle Data:

LEV_NMOG := 0.075-2% LEV_NOx := 0.2. 8%
mi mi
LEV CO := 3.4.20 LEV_HCHO := 0.015- 2%
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.098%
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-8%
mi

ULEV_CO := 1.7.88

mi

ULEV_NOx := 0.2-82

mi

gm

ULEV_HCHO := 0.008-=—

mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 2%

mi

Super Low Emissions Vehicle Data:

SLEV CO := 1.0.-8% SLEV_HC := 0.01.E%
mi mi

Zero Emissions Vehicle Data:

ZEV_CO = 0.88 ZEV_HC := 0.80

mi mi
Tier 1 Emissions Data:
T1 CO = 4.2. 88 TI_HC = 031.22
mi mi

Tabulated Vehicle Distribution for New Vehicles:

SLEV_NOx := 0.02-E%
mi

ZEV_NOx := 0-2%
mi

T1_NOx = 0.6-EZ
mi

21
SUV_ZEV percentage := (;E LMM_ZEV percentage := 0
0 0
SUV_SLEV_percentage := — LMM _SLEV percentage := —
100 100
4.5 19.13
SUV_ULEV _percentage := — LMM ULEV_percentage :== ———
- 100 - - 100
1.82 70.40
SUV_LEV percentage := 182 LMM_LEV_percentage = ——
100 - 100
1.5 7.94
SUV_TLEV_percentage := — LMM_TLEV percentage := ——
100 - 100
41.11 2.17
SUV_TI_percentage := —— LMM_TI_percentage := ——
100 100
0.26 65.17
SmC_ZEV_percentage == —— SmC_LEV_percentage := ———
100 100
0 9.5
SmC_SLEV_percentage := — SmC_TLEV_percentage := —
100 100
15.04 8.97
SmC_ULEV_percentage := ]5—0% SmC_TI1 _percentage := 1—00



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := .2395 LMM on_road := .5418
SUV_on_road := .2187

Equations:

Number_of Vehicles := 0.0- Worcester_population-Vehicles_per_person
Number_of Vehicles = 0

2
Commuter_miles := (Trave]‘distance)-[B——J'(Work_days)-(Numberﬁof*Vehicles)
ay

Commuter_miles = Obillion_miles driven per year

Commuter_miles

Avg_commuter_miles := Avg_commuter_miles = Omi

Number_of Vehicles per vehicle

driven per year

Weekend_miles := ( 5

T .
Mj . [diJ -(Week_ends)-(Number_of Vehicles)
ay

Weekend_miles = Omillion_miles driven per year

Weekend_miles

Avg_weekend miles := Avg_weekend miles = Omi
per vehicle

driven per year

Number_of_Vehicles

Total_Worcester_miles := Weekend_miles + Commuter_miles Total_Worcester_miles = 0billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vggo2| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SUV _on road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_NOx)

SUVNOx = 0gm

SUVyc = Vggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV _on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester _miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_HC)



SUV (o = Vggoo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...
+(Total_Worcester _miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)

Emissions Due to New Small Cars

SmCyox = Vogoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOXx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCNOX = Ogm

SmCyc = Vggo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total Worcester _miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCr = Vggo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles):-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMy o = Vogoo:| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOXx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on road)-(LMM_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

LMMyox = Ogm

LMMc = Vggoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

LMM(q = Vggoy| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road):-(LMM TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV _percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

LMMCO = Ogm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)
Recalculated Old Vehicle Distributions

LDVO]d = SmCOId+ LMMO'd LDVO]d =0.8 o '
x100 percent distribution

LDTO]d = SUVOId LDTO]d =0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

= 34,80 = 04].8T 0.8
LDV 929500 = 34-== LDV 9295y = 041- = LDV 92950y = 10—
= 10.80 = 0.67.8M - .80
LDT_9295cq = 10— LDT_9295yc i= 0.67-—=  LDT 92950y = 12—

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

gm gm gm

LDV 8291 =4.2.=— LDV 8291 = 0.80-— LDV 8291 =1.0—
— CO m] — VOC m] — NOX m]

) 10-8+ 18 gm ) gm . gm
LDT_8291CO = _Q—E LDT_8291VOC = 0.80-; LDT—8291NOX = I.Z-E

Pre 1982 Data:

23-2+39-3+15-5 gm _33+43.1-2+24+41-2 gm

LDV_P82co = 10 mi LDV_P82Nox = T “mi
343+ 1.55+041-2 gm
39-3+20-5+ 184 gm 343+4+2:4+1.76 gm
LDT P82 = 2 LDT P82 = =il
RSY 12 mi - "voce 13 mi
34304423
LDT P82y, = 2ot 4+ 236 gm

13 mi



Emissions Calculations:
1992 - 1995
LDV9295-0 = Vgpg5-(Total_Worcester_miles)-LDV_9295--LDC%

LDT9295¢( = Vgpg5-(Total_Worcester_miles)-LDT_9295-n-LDT%

LDV9295N0x = V9295 (Total_Worcester_miles)-LDV_9295y,5,-LDC%

LDT9295N0x = V9295 (Total_Worcester_miles)-LDT_929550 4 LDT%

LDV9295c = Vgpg5:(Total_Worcester_miles)-LDV_9295¢~LDC%

LDT9295yc = Vgog5(Total_Worcester_miles)-LDT_9295;-LDT%
1982-1991

LDV8291 (g = Vgygy-(Total_Worcester_miles)-LDV_8291~q-LDC%

LDT8291 g = Vgog-(Total_Worcester_miles)-LDT_8291-~n-LDT%

LDV9295.( = 0gm

LDV929550x = Ogm

LDT9295N04 = Ogm
LDV9295,c = Ogm

LDT9295c = Ogm

LDV8291 g = Ogm

LDT8291q = Ogm

LDV8291N(ox = Vgog-(Total_Worcester_miles)-LDV_8291y g, LDC% LDV8291Nogx = Ogm

LDT8291Nox = Vg291-(Total_Worcester_miles)-LDT_8291y0y LDT%

LDT8291N0y = Ogm

LDV8291y g = Vgog1-(Total_Worcester_miles)-LDV_8291y,oLDC% LDV8291y,oc = Ogm

LDT8291y,gc = Vgog;-(Total_Worcester_miles)-LDT_8291y,cLDT% LDT8291yoc = Ogm

Pre 1982
LDVP82(( := Vpgy(Total_Worcester_miles)- LDV_P82--LDC%

LDTP82¢( := Vpgy'(Total_Worcester_miles)-LDT_P82~4-LDT%

LDVP82N oy = Vpgy(Total_Worcester_miles)- LDV_P82y5,- LDC%

LDTP82N(x = Vpgy(Total_Worcester_miles)-LDT_P82y - LDT%

LDVP82y, ¢ = Vpgy(Total_Worcester_miles)-LDV_P82y,~-LDC%

LDTP82y ¢ = Vpgy:(Total_Worcester_miles)-LDT_P82y,-LDT%

LDTP82¢y = Ogm

LDTP8250y = Ogm

LDTP82y e = Ogm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:

COI'ICW = LMMCO + SmCCO + SUVCO LMMCO = Oton
SmCcq = Oton
COnew = Oton SUV g = Oton

Nitrous Oxides:

NOX.new = LMMNOX + SmCNOX + SUVNOX LMMNOX = Oton

SmCNOx = 0Oton

NOxneW = Oton
SUVNOX = (Qton
Hydocarbons:
HCnew = LMMHC + SmCHC + SUVHC LMMHC - Oton
SmC = 0ton
HC,,, = Oton HC
SUVHC = Oton

Total Emissions:

Emissionsnew = Conew + NOxnew + chew

Emlssmnsn w = Oton

€

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295CO = Oton LDV8291CO = Oton LDVPSZCO = Qton
LDT9295CO = QOton LDT829]CO = Oton LDTP82CO = Oton
CO

+ LDVP82CO + LDTP82CO

Nitrous Oxides:

LDV9295NOX = Oton LDV8291NOX = QOton LDVP82NOX = QOton
LDT9295NOX = Oton LDT8291NOX = 0ton LDTP82N0x = Oton
Noxo]d = LDV9295N0x + LDT9295NOx +LDV8291Nox + LDT8291ox

+LDVP82y oy + LDTP82(y

HydroCarbons and Volatile Organic Compounds:

LDV9295; = Oton LDV8291y,0c = Oton LDVP82yoc = Oton
LDT9295HC = Oton LDT829]VOC = Oton LDTP82VOC = Qton

HCqq == LDV9295 + LDT9295 - + LDV8291y o + LDT8291y 0 ...
+LDVP82y o + LDTP82y o



Totals for Older Vehicles:

CO d= Oton NOxo|d = Oton Hco]d = Oton

ol

Emissionsold = COOId + NOond + HCO]d

Emissionsol d= Oton

Calculate emissions of a population of 100% SLEV

Number_of SLEV := I-Worcester_population- Vehicles per_person

Commuter_milesg| gy = (Travel_distance)-[dij-(Work_days)-(Number_of_SLEV)
ay

Commuter_milesg[ gy = 0.736billion_miles driven per year
Commuter_milesg g

Avg_commuter_milesg) gy = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_milesg gy = Number of SLEV

Travel_distance) ( 2

-(Week_ends)-(Number_of SLEV)
2 day

Weekend_milesg py = (

Weekend_milesq) gy = 146.598 million_milesven per year

Weekend_milesSLEv
Number of SLEV

Avg_weekend_milesg| gy = \vg_weekend_milesg) gy = 728mi

per venicle
driven per year

Total_Worcester_milesg) gy := Weekend_milesgy gy + Commuter_milesg) gy

Total_Worcester_milesgy gy = 0.882billion_miles

driven per year

SLEV @ = Total_Worcester_milesg| gy-SLEV_CO  SLEV - = 972.688ton
SLEVyc := Total_Worcester_milesg) py-SLEV_HC SLEVyc = 9.727ton

SLEVN oy = Total_Worcester_milesg) gy'SLEV_NOx SLEVy g, = 19.454ton

Total_Emissions := Emissions ¢, + Emissionsg 4+ SLEV~q + SLEV -+ SLEV o

Total_Emissions = 1001.9 ton



COTOt = SLEVCO + COo]d + COnew COTOt = 972.7ton

NOXTot = SLEVNOX + Noxo]d + NOxnew NOXTot = 19.454ton
HOTot = SLEVyc+ Hcold + chew HCpqo = 9.727ton
Emissions, Emissions 1
Graphl = few old
2000 2000

Tons

Total Emissions- All Vehicles, All Pollutants

ILDTP82 vVOC = 12.7ton




Replacing 100% of all new Vehicles w/Hybrids

billion_miles := 109~mi
- . 6 .

Assumptions: million_miles := 10 -mi

Vehicles traveling through Worcester Travel an average of 7 miles each

Travel distance := 7-mi

Work_days := 261-day

Week_ends := 104-day
City Data:

Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:

Newer Vehicles:

SUV := 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:
SUVgqi=020 SmCgq:=020 LMMg4:=060 LDT% :=SUVgy4
. . . . 0/ +—
Age distribution of Vehicles on the Roads: LDC% = SmCojq + LMMoig
V%giq = 0.55 55% of all worcester vehicles are
Pre 1982 Vpgy = 0.03
Transitional Low Emissions Vehicle Data:
TLEV_NMOG := 0.125- 22 TLEV_NOx := 0.4- 2%
mi mi
TLEV_CO := 3.4.8% TLEV_HCHO := 0.015.- 2%
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14 €2

mi

Low Emissions Vehicle Data:

LEV_NMOG := 0.075- 22
mi

LEV_CO = 3.4.82
mi

LEV_NOx = 0.2. 88

mi

LEV_HCHO := 0.015-£2
mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.09E2

mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04- 82 ULEV_NOx := 02-82
mi mi
ULEV_CO = 1.7.E2 ULEV_HCHO := 0.008- &%
mi mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 8%

Super Low Emissions Vehicle Data:

SLEV_CO := 1.0-82
mi

Zero Emissions Vehicle Data:

ZEV_CO = 0-82

mi

Tier 1 Emissions Data:
Tl CO = 4.2. 88
mi

21
SUV_ZEV_percentage = 021
- - 100
0
SUV_SLEV_percentage := —
100
4.5
SUV_ULEV_percentage := —
100
SUV_LEV percentage = 2182
- 100
1.5
SUV_TLEV_percentage :== —
- - 100
41.11
SUV_TI1 percentage := ——
100
0.26

SmC ZEV percentage := ——
B P & 100

SmC _SLEV_percentage := o
- B 100

15.04
SmC_ULEV_percentage := ———

100

mi
SLEV_HC := 0.01.E2 SLEV_NOx := 0.02.E2
mi mi
ZEV_HC = 0.2 ZEV_NOx := 0.E2
mi mi
T1_HC := 031.82 TI_NOx = 0.6-E2
mi mi

Tabulated Vehicle Distribution for New Vehicles:

LMM_ZEV _percentage := 0

0
LMM_SLEV_percentage := —

100
19.13
LMM_ULEV_percentage :== ——
- 100
0.40
LMM_LEV percentage := 7949
- 100
7.94
LMM_TLEV_percentage = —
- - 100
2.17
LMM TI1 percentage == ——
100
17
SmC_LEV percentage := 6517
- 100
9.5
SmC_TLEV_percentage := —
- - 100
8.97

SmC T1 percentage ;= ——
=P & 100



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on road := .2395  LMM_on_road := .5418
SUV_on_road := .2187

Equations:

Number_of_Vehicles := 1.0-Worcester_population- Vehicles_per_person
Number_of Vehicles = 201371
2 .
Commuter_miles := (Travel_distance)- (d—j -(Work_days)-(Number_of Vehicles)
ay

Commuter_miles = 0.736billion_miles driven per year

Commuter_miles

. 3 .
Avg_commuter_miles = 3.654 x 10” mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of Vehicles

Travel distance

Weekend_miles = ( 5

] . (diJ -(Week_ends)-(Number_of Vehicles)
ay

Weekend_miles = 146.598 million_milesriven per year

Weekend_miles

Avg_weekend_miles = Avg_weekend_miles = 728 mi
per vehicle

driven per year

Number of Vehicles

Total_Worcester_miles := Weekend miles + Commuter_miles Total Worcester_miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOX) ...
+(Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 _percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_NOx)

SUVNOX = Ong

SUVH(c = Vggo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on road)-(SUV_T1 _percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on _road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_HC)

SUVyc = 0gm



SUV(g = Vggpp'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)

SUVCO = Ogm

Emissions Due to New Small Cars

SmCNox = Vogoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SmC_on road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCy oy = 0gm

SmCyc = Vggoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles):(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_HC)

SmCr = Vggop| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Vgg02'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_NOX) ...

+ (Total_Worcester miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOx) ...
+ (Total Worcester _miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

LMMNOX = Ogm

LMMyc == Vggoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...

LMMco = Vo602

+ (Total_Worcester_miles):-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_HC)

(Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_CO)



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)

Recalculated Old Vehicle Distributions

LDVO]d = SmCo]d + LMMO]d LDVO]d =0.8

x100 percent distribution
LDTO]d = SUVO]d LDTO]d =0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

LDV_929500 i= 3450 LDV_9295, = 041-5%  LDV_92950, = 1.0-5
mi mi mi

gm gm gm
LDT 9295 = 10— LDT 9295 = 0.67-— LDT 9295 = 1.2.=—
- co mi - HC mi - NOx mi

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

e g0.8M — gm — 1 08M
LDV_8291q = 4.2-; LDV_8291y g = 0.80: - LDV_829iNpy = 1.0 o
10-8+ 18 gm gm ) gm

LDT_8291q := Tg LDT_ 8291y ¢ = 0.80-—]1.7 LDT_8291NOX = 1.2‘;

Pre 1982 Data:

232 +39-3+15:5 gm 3-3+43.12+2:4+1:2 gm

LDV_P82¢q := 0 o LDV_P82yoy = T s
LDV_P82y o = 343+ 1.?;)5 + 0.4l~2.g:ni‘1

LDT P82¢q = 39-3 + 2]0; + 18-4.% LDT P82y = 343+ 2134 + 1.7-6.%
LDT P82y, = 33+3.114+23:6 gm

13 mi



Emissions Calculations:
1992 - 1995
LDV9295-(q = Vgog5 (Total_Worcester_miles)-LDV_9295-q-LDC%

LDT9295¢( = V995 (Total_Worcester_miles)-LDT_9295--LDT%

LDV9295 g = 7.2x 10° gm

LDT9295¢q = 5.294 x IOng

8
LDV9295N0x = Vo295 (Total_Worcester_miles)-LDV_9295y,-LDC% LDV9295yy = 2.118x 10" gm

7
LDT9295N0x = V995 (Total_Worcester_miles)- LDT 92955, LDT% LDT9295y0y = 6.353x 10" gm

LDV9295c = Vgpg5:(Total_Worcester_miles)-LDV_9295y~LDC%

LDT9295(¢ = Vgpgs-(Total_Worcester_miles)-LDT_9295;~LDT%
1982-1991

LDV8291 - = Vgog-(Total_Worcester_miles)-LDV_8291 - -LDC%

LDT8291 @ = Vgpg-(Total_Worcester_miles)- LDT_8291-n:LDT%

LDV9295yc = 8.683 x ]07gm

7
LDT9295yc = 3.547x 10 gm

LDV8291 g = 6.523x 10° gm

8
LDT8291-n = 4.228x 10 gm

. 8
LDV8291Nox = Vgog1-(Total_Worcester_miles)-LDV_8291y ' LDC% LDV8291y oy = 1.553x 10" gm

.
LDT8291y0y = Vgog -(Total_Worcester_miles)-LDT_8291y, LDT% LDT829150, = 4.659x 10° gm

LDV8291y ¢ = Vgpgi-(Total_Worcester_miles)-LDV_8291y,oLDC% LDV8291y, o = 1.242x IOng

LDT8291y ¢ = Vgpg|-(Total_Worcester_miles)-LDT_8291y,o-LDT% LDT8291yoc

Pre 1982
LDVP82(( := Vpgy(Total_Worcester_miles)- LDV_P82-n-LDC%

LDTP82¢( = Vpgy:(Total_Worcester_miles)- LDT_P82-:LDT%

LDVP82N oy = Vpgy:(Total_Worcester_miles)-LDV_P82y5,-LDC%

LDTP82N oy = Vpgy(Total_Worcester_miles)-LDT_P825,'LDT%

LDVP82y o = Vpgy (Total_Worcester_miles)-LDV_P82y ¢ LDC%

LDTP82y ¢ = Vpgy (Total_Worcester_miles)-LDT_P82y,-LDT%

3.106x 10’ gm

8
LDVP820( = 5.04x 10 gm

LDTP82¢- = 1.275x IOng

LDVP82y 0, = 4852 10 gm

;
LDTP82y 0y = 1434 % 10" gm

.
LDVP82y ¢ = 3.922x 10" gm

;
LDTP82y ¢ = 1.157x 10 gm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:

COnew = LMMCO + SmCCO + SUVCO LMMCO = 0Oton
SmCCO = 0Oton
Conew = Oton SUVCO = Oton

Nitrous Oxides:

NOXTICW = LMMNOX + SmCNOX + SUVNOX LMMNOX - Oton

SmCNOx = Oton

NOxnew = Oton
SUVNOX = Oton
Hydocarbons:
chew = LMMHC + SmCHC + SUVHC LMMHC - Oton
SmC = Oton
HC, ey = Oton HC
SUVHC = Oton
Total Emissions:
Emissionsnew = COnew + NOxneW + chew

Emissionsnew = Oton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295¢ = 793.7ton LDV8291 g = 719ton LDVP82( = 555.6ton
LDT92951( = 583.6ton LDT8291 ¢y = 466ton LDTP82¢( = 140.6ton

COgjq = LDV9295y + LDT92951¢) + LDV8291 g + LDT8291 -y .

Nitrous Oxides:

LDV9295N0x = 233.4ton LDV8291Nox = 171.2ton LDVP82j oy = 53.5ton
LDT9295N0x = 70ton LDT8291yoy = S1-4ton LDTP82§px = 15.8ton
NOx

+ LDVP82y 0, + LDTP82y

HydroCarbons and Volatile Organic Compounds:

LDV9295c = 95.7ton LDV8291y e = 137ton LDVP82y ¢ = 43.2ton
LDT9295p;¢ = 39.1ton LDT8291yoc = 34.2ton LDTP82y o = 12.7ton

+LDVP82y ¢ + LDTP82y o



Totals for Older Vehicles:
COold = 3258.5ton NOXOld = 595.3ton HCO]d = 362ton

Emissionsold = COO]d + NOXOld + HCO]d

Emissionsold = 4215.8ton

Calculate emissions of a population of SLEV

Number_of SLEV := (1.0)-(V%new)-Worcester ~_population-Vehicles_per_person

2
Commuter_milesgy gy := (Travel_distance)- (d—] -(Work_days)-(Number_of SLEV)
ay

Commuter_milesg] gy = 0.331billion_miles driven per year
Commuter_milesg g 3
Avg_commuter_milesg] gy = 3.654 x 10" mi
per vehicle
driven per year

Avg_commuter_milesq] gy = Number of SLEV

Travel_distance} (i

5 j-(Week_ends)-(Number_of_SLEV)

Weekend_milesgy gy = ( 3
ay

Weekend_milesg) gy = 65.969 million_milesriven per year

Weekend_milesg| gy
Number_of SLEV

Avg_weekend_milesg| gy = \vg_weekend_milesg) gy = 728 mi

per venicle
driven per year

Total_Worcester_milesg] gy := Weekend_milesg| gy + Commuter_milesgy gy

Total_Worcester_milesgy gy = 0.397 billion_miles

driven per year
SLEV g := Total_Worcester_milesg| py*SLEV_CO  SLEV(q = 437.71 ton
SLEVy := Total_Worcester_milesg| gy-SLEV_HC SLEVyc = 4.377ton

SLEVN oy = Total_Worcester_milesgy gy-SLEV_NOx SLEVyN gy = 8.754ton

Total_Emissions := Emissions ., + Emissions 4+ SLEV g + SLEVc + SLEVN o

ol

Total_Emissions = 4666.7 ton



COpot == SLEV g + COgyg + COpeny COTot = 3696.2t0n

NOXTOt = SLEVNOX + NOXO]d + NOXTICW NOXTOt = 604.1ton

HCTOt = SLEVHC + HCOld + HCI’ICW HCTOt = 366.4ton

EmissionsneW Emissions d
Graphl :=
2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons

LDTP82y, o = 12.]

[ ton




Replacing 100% of all old Vehicles w/Hybrids billion_miles := 10°-mi
Assumptions: million_miles := 106-m'

Vehicles traveling through Worcester Travel an average of 7 miles each

Travel_distance := 7-mi

Work_days := 261-day

Week_ends := 104-day
City Data:

Worcester_population := 254900  people
Vehicles_per_person := 0.79

Percentages of Vehicle Types:
Newer Vehicles:

SUV = 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:

SUVgg1=020  SmCgqi=020 LMMgq:=060 LDT% :=SUVgy

. . - - 0, =
Age distribution of Vehicles on the Roads: LDC% := SmCojg + LMMgig
1996 - 2002 Vg, := 045
1992- 1995  Vgyqs := 0.30-(0.0)
V%q1q = 0.55 55% of all worcester vehicles are
1982 - 1991 Vgyq) = 0.22(0.0) old
Pre 1982 Vpg, i= 0.03-(0.0)

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125-£2 TLEV_NOx := 0.4- 82
mi mi
TLEV_CO := 3.4.2C TLEV_HCHO := 0.015-£
mi mi

TLEV HC:= TLEV NMOG + TLEV_HCHO

TLEV_HC = 0.14 &%
mi

Low Emissions Vehicle Data:

LEV_NMOG := 0.075- &% LEV_NOx := 0.2. 81
mi mi
LEV_CO := 3.4.8C LEV_HCHO := 0.015- 22
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.09 &2
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04- 22 ULEV NOx := 0.2. 82
mi mi
ULEV CO = 1.7.82 ULEV_HCHO := 0.008- 82
mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 2%
mi

Super Low Emissions Vehicle Data:

SLEV_CO := 1.0.8% SLEV_HC := 0.01. 2%
mi mi

Zero Emissions Vehicle Data:

ZEV_CO = 0-82 ZEV HC = 0.EC
mi mi

Tier 1 Emissions Data:

SLEV_NOx := 0.02-8%
mi

ZEV NOx := 0.-8%
mi

TI CO = 4288 Tl HC = 031.2% T1_NOx := 0.6-E%
mi mi mi
Tabulated Vehicle Distribution for New Vehicles:
SUV_ZEV_percentage := % LMM_ZEV _percentage := 0
0 0
SUV_SLEV percentage :== — LMM_SLEV_percentage == —
100 - 100
4.5 19.13
SUV_ULEV_percentage :== — LMM_ULEV_percentage :== ———
100 100
51.82 40
SUV_LEV percentage := 2182 LMM_LEV percentage := 70-40
100 100
1.5 7.94
SUV_TLEV_percentage = — LMM _TLEV_percentage = ——
100 100
41.11 2.17
SUV_T1 percentage := —— LMM_TI_ percentage = ——
100 - 100
0.2 5.17
SmC_ZEV_percentage := 0.26 SmC_LEV_percentage := 6517
100 - 100
0 9.5
SmC_SLEV_percentage := — SmC_TLEV_percentage == —
100 100
15. .9
SmC_ULEV_percentage := -E%i SmC_T1_percentage := -8]—(%



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := 2395 LMM on_road := .5418

SUV _on_road := .2187

Equations:

Number_of Vehicles := 1.0-Worcester _population- Vehicles_per_person
Number_of Vehicles = 201371
2 .
Commuter_miles := (Travel_distance)- (-&——j -(Work_days)-(Number_of Vehicles)
ay

Commuter miles = 0.736billion_miles driven per year

Commuter_miles

Avg commuter_miles = 3.654 x IO3 mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of Vehicles

Weekend_miles = [Travel_dlstance]'( 2

— |*(Week_ends)-(Number_of Vehicles)
2 day

Weekend miles = 146.598 million_milesriven per year

Weekend_miles

Avg_weekend_miles := Avg_weekend miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total_Worcester_miles := Weekend_miles + Commuter_miles Total Worcester_miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogoz'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOXx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOX) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_NOX)

;
SUVNOx = 3-172x 10" gm

SUVYc = Vggoo'| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TI_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_HC)

7
SUVhc = 1.549x 10" gm



SUV (o = Vggop| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)

8

Emissions Due to New Small Cars

SmCNox = Vogo2:| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOXx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOX) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCox = 2399 % 10" gm

SmChc = Vggo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SmC_on road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_HC)

.
SmCpc = 1.017x 10" gm

SmCc = Vggop| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_CO)

SmCCO = 3.016x IOng



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Vogoz'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOXx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(LMM on_road)-(LMM_TLEV_percentage)-(TLEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

7

LMMyc = Vggop'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...

LMM¢g = Vogp2-

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

LMMpyc = 1945 % 10 gm

(Total_Worcester_miles)-(LMM _on_road)-(LMM_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV _percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

8
LMM(q = 6.626x 10° gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)

Recalculated Old Vehicle Distributions

LDVOld = SmCOld + LMMOld LDVOId =0.8 o )
x100 percent distribution
LDTO]d = SUVOld LDTOId =0.2

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

N gm _ gm _ gm
LDV 929500 =34 "= LDV 9295y = 041-== LDV 92950 i= 1.0~

= 10.8™ = 0.67.80 = 1.8
LDT 929500 = 1022 LDT 9295y = 067-—=  LDT 92950 1= 1.2+ —

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

= 40.81 - &am = 1080
LDV_8291c(q = 4.2- o LDV_8291y ¢ := 0.80- - LDV_8291N0x = 1.0 .
_10-8+ 18 gm . gm . gm
LDT_8291¢q = T:] LDT_8291y ¢ == 0.80-; LDT_8291N0x = I.Z-E

Pre 1982 Data:

2324393+ 155 gm

33+3.1:2+24+1-2 gm
LDV_P82CO = 10 mi LDV—P82NOX = 1 E
343+1.55+041-2 gm
39-3+20-5+ 184 gm 343+24+1.7-6 gm
LDT_P82r( := = LDT P82 = =
- €O 12 mi - ~ovoce 13 mi
3.3+3.1:4+23-
LDT_P82y g, i= 0™ 6 gm

13 mi



Emissions Calculations:
1992 - 1995
LDV9295CO = V9295-(Total_Worcester_miles)-LDV_9295CO-LDC%

LDT9295¢(@ = Vgpg5-(Total_Worcester_miles)-LDT_9295-n-LDT%

LDT92950( = Ogm

LDV9295N0x = Vgog5 (Total_Worcester_miles)-LDV_9295g,'LDC% LDV9295yoy = Ogm

LDT9295N0x = Vgp95:(Total_Worcester_miles)-LDT_9295Ny LDT% LDT9295y0x = Ogm

LDV9295c = Vgpg5-(Total_Worcester_miles)-LDV_9295;~LDC%

LDT9295 ¢ = Vgpg5 (Total_Worcester_miles)-LDT_9295;~-LDT%
1982-1991

LDV8291 @ = Vgog1-(Total_Worcester_miles)-LDV_8291 -~ LDC%

LDT8291~n = Vgyor-(Total_ Worcester_miles)-LDT_8291~n-LDT%
COo = V8291 Co

LDT9295pc = Ogm

LDV8291 g = Ogm

LDV8291y0y = Vgog)-(Total_Worcester_miles)-LDV_82915,-LDC% LDV8291y 0y = Ogm

LDT8291N0ox = Vg291-(Total_Worcester_miles)-LDT_8291, LDT% LDT8291yo, = 0gm

LDV8291y g = Vgog|-(Total_Worcester_miles)-LDV_8291y,-LDC% LDV8291y,oc = 0gm

LDT8291y o = Vgpg1-(Total_Worcester_miles)-LDT_8291y,oc:LDT% LDT8291yqoc = Ogm

Pre 1982
LDVP82(q = Vpgy:(Total_Worcester_miles)-LDV_P82~n-LDC%

LDTP82¢( := Vpgy (Total_Worcester_miles)-LDT_ P82~ LDT%

LDVP82N o = Vpgy:(Total_Worcester_miles)-LDV_P82y,-LDC%

LDTP82N oy = Vpgy (Total_Worcester_miles)-LDT_P82y,-LDT%

LDVP82y,o¢ = Vpgy(Total_Worcester_miles)-LDV_P82y,LDC%

LDTP82y ¢ = Vpgy:(Total_Worcester_miles)-LDT_P82y,ocLDT%

LDVP82q = Ogm

LDTP82CO =0 gm

LDVP82y(y = Ogm

LDTP825 04 = Ogm



Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:

COnew = LMMCO + SmCCO + SUVCO LMMCO = 730.4ton
SmCcq = 332.4ton
COnew = 1409ton SUV g = 346.1 ton

Nitrous Oxides:

NOXpey, = LMMy oy + SMCyox + SUVNOx LMMp oy = 53.1ton

SmC = 26.4ton
NOx.,, = 114.5ton NOx

SUVNOX = 35ton
Hydocarbons:

HC ew = LMMHC + SmCHC + SUVHC

n LMMHC = 21.4ton

SmCHC =11.2ton

HC ew = 49 7 ton

n
SUVHC = 17.1ton

Total Emissions:

Emissions = Conew + NOxnew + chew

ew *
Emissionsnew = 1573.2ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295¢( = Oton LDV8291 g = Oton LDVP82( = Oton
LDT9295¢(, = Oton LDT8291 ¢ = Oton LDTP82¢( = Oton

Nitrous Oxides:

LDV929550x = Oton LDV8291pox = Oton LDVP82y 0 = Oton

LDT9295y 0 = Oton LDT8291N0y = Oton LDTP82yx = Oton

NOX o i= LDV9295y 5, + LDT9295y 5, + LDV8291y 0, + LDT829 1505 -

HydroCarbons and Volatile Organic Compounds:

LDV9295HC = Oton LDV8291VOC = Oton LDVP82VOC = Oton
LDT9295 ¢ = Oton LDT8291yoc = Oton LDTP82yoc = Oton

HC,q = LDV9295,;c + LDT9295 + LDV8291y o + LDT8291y 0 --



Totals for Older Vehicles:

CO d= Oton NOx d= Oton HCO]d = Oton

ol ol

EmiSSiOﬂSold = COold + NOXold + HCO]d

Emlssmnso]d = Oton

Calculate emissions of a population of SLEV

Number_of SLEV := (1 .0)-(\/%0] d) -Worcester_population: Vehicles_per_person

2
Commuter_milesg| gy := (Travel_distance)- [Tj -(Work_days)-(Number_of SLEV)
ay

Commuter_milesg gy = 0.405billion_miles ~ driven per year
Commuter_milesg| g

; 3 .
Avg_commuter_miles =3.654x 10° mi
Number_of SLEV = - SLEV

per vehicle
driven per year

Avg_commuter_milesg] gy =

Travel _distance

Weekend_milesg) gy = ( 5

]- (—Z—J-(Week»ends)- (Number_of SLEV)
day

Weekend_milesg) gy = 80.629 million_milesriven per year

Weekend_milesg) gy
Number_of SLEV

Avg_weekend_milesg| gy = \vg_weekend_milesg) gy = 728 mi

per venicle
driven per year

Total_Worcester_milesgy gy := Weekend_milesg gy + Commuter_milesg gy

Total_Worcester_milesg) gy = 0.485billion_miles

driven per year

SLEV (@ := Total_Worcester_milesg) gy-SLEV_CO  SLEV(q = 534.978ton
SLEV = Total_Worcester_milesg| gy-SLEV_HC SLEVyc = 5.35ton

SLEVy oy = Total_Worcester_milesg) gy-SLEV_NOx SLEVy 5, = 10.7ton

Total_Emissions := Emissions,, + Emissions;q+ SLEV g + SLEV - + SLEVN 4

Total Emissions = 2124.2ton



COTOI = SLEVCO + COo]d + COnew COTOt = 1944 ton
NOXTOt = SLEVNOX + NOxold + NOXT)CW NOXTOt = 125.2ton
HCTOt = SLEVHC + HCold + HCnew HCTOt = 55.1ton

messmnsnew Emlssmnsoldj

Graphl =
2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons




Replacing 100% of all Small Cars w/Hybrids billion_miles = 10°-mi

Assumptions: million_miles := 10%mi
Vehicles traveling through Worcester Travel an average of 7 miles each

Travel _distance := 7-mi

40% of the pollutants in the air come from vehicles
Work_days = 261-day
Week_ends := 104-day
City Data:
Worcester_population := 254900 people
Vehicles_per_person := 0.79

Percentages of Vehicle Types: %NotReplaced := 0.0 %Hybrid := 1.0
Newer Vehicles:
SUV := 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:
SUVOId =0.20 SmCOId = 0.20 LMMOId = 0.60
Age distribution of Vehicles on the Roads:
Transitional Low Emissions Vehicle Data:
TLEV_NMOG := 0.125- 2% TLEV_NOx := 0.4- 8%
mi mi
TLEV_CO := 3.4.20 TLEV_HCHO := 0.015-£2
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14EC

mi
Low Emissions Vehicle Data:
LEV_NMOG := 0.075-2% LEV_NOx == 0.2.2%
mi mi
LEV_CO := 3.4.8C LEV_HCHO := 0.015.£%
mi mi

LEV_HC = LEV_NMOG + LEV_HCHO

LEV_HC = 0.09EC
mi



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-22
mi

ULEV CO := 1.7.EC
mi

gm

ULEV _NOx := 0.2-=—

mi

ULEV HCHO := 0.008- 22

mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 &%
mi

Super Low Emissions Vehicle Data:

SLEV CO := 1.0-22
mi

Zero Emissions Vehicle Data:

ZEV_CO := 0-82

ZEV_HC = 0.82 ZEV_NOx :=
mi mi
Tier 1 Emissions Data:
TI CO = 42.80 T1 HC = 031.2¢ T1_NOx := 0.6- 22
mi mi

SLEV_HC := 0.01.2Z

mi

Tabulated Vehicle Distribution for New Vehicles:

2
SUV_ZEV_percentage := 021
100
SUV_SLEV_percentage := %
100
4.5
SUV_ULEV_percentage := —
B 100
.82
SUV_LEV_percentage := _51102(;)

1.5
SUV_TLEV_percentage := ——

100
41.1
SUV_T1 _percentage := ALl
100
0.26
SmC_ZEV_percentage :== ——
R &= o0
SmC_SLEV_percentage := &
100
5.04

15.
SmC_ULEV_percentage :== ———
100

LMM_ZEV _percentage := 0

0.
LMM_SLEV_percentage := 0.36

100

19.13
LMM_ULEV percentage :== ———

100

70.40
LMM_LEV_percentage := ——

100

7.94
LMM_TLEV_percentage := —

100

2.17
LMM_TI1_percentage := ——

100

5.17
SmC_LEV_percentage := 6517

100

.5

SmC_TLEV_percentage := 25

- - 100
8.97
SmC_T1_percentage := ——
100

mi

SLEV_NOx := 0.02. %

m



Percentages of Each New Vehicle Type Observed on the Road:
SUV_on_road := .2187 LMM on road := .5418

SmC_on_road := .2395-%NotReplaced SmCHybrid := 0.2187-%Hybrid
Equations:

Number_of_Vehicles := Worcester_population- Vehicles_per_person
Number_of Vehicles = 2.014 x 105
. . 2 .
Commuter_miles := (Travel_dlstance)-(d—]-(Work‘days)-(Number_of__\/ehlcles)
ay

Commuter_miles = 0.736billion_miles driven per year

Commuter_miles

Avg_commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of Vehicles

Weekend_miles = (Travel_dlstance).( 2

— |(Week_ends)-(Number of Vehicles)
2 day

Weekend miles = 146.598 million_milesriven per year

Weekend_miles

Avg weekend miles := Avg_weekend_miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total _Worcester_miles := Weekend miles + Commuter_miles Total Worcester_miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = Vogo| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOx) ...
+(Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOXx) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...
+ [(Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_NOx)]

7
SUVNOx = 3-174% 10" gm

SUVyc = Vggp| (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TI1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...
+ [(Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_HC)]

7
SUVye = 1.549% 10" gm



SUVco = Vosor

(Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...

+[(Total Worcester miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)]

SUVcg = 3.148x 10 gm

Emissions Due to New Small Cars

SmCyx = V9602'- (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_NOx) ...

SmChc = Vogp2-

SmCco = Vog02'

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...

+ (Total_Worcester _miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...

+ (Total_Worcester miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOX) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOX) ...
+ (Tota]_Worcester_miles)-ESmCHybﬁ d)'(SLEV_NOx)

6
SmCNox = 1.737x 10° gm

[ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_HC) ...
+ (Total_Worcester_miles)-ESmCHybﬁd) -(SLEV_HC)

SmCyc = 8.684x 10° gm

[ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ... i

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV _percentage)-(SLEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...

+ (Total Worcester_miles)-(SmC_on_road)-(SmC_TLEV _percentage)-(TLEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_CO) ...
+ (TotaI_Worcester_mi]es)-ESmCHybﬁ d)~(SLEV_CO)

SmCegp = 8.684x 107 gm




Emissions Due to New Large-Medium cars and Minivans

LMMpox = Vogoo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM on_road)-(LMM_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester miles)-(LMM_on road)-(LMM_TLEV_percentage)-(TLEV_NOx) ...
+ (Total Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ ULEV _percentage)-(ULEV_NOx)

LMMy gy = 4.817x 107 gm

LMMc = Vggo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

LMMc = 1.945x 10 gm

LMMq = Vggy'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_ULEV _percentage)-(ULEV_CO)

LMMCO = 6.634 x 108gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)

Recalculated Old Vehicle Distributions
LDT% := SUV 4 LDT% = 0.2
LDC% := SmC 4 %NotReplaced + LMM 14 LDC% = 0.6 x100 percent distribution

LDVHybnd = SmCoId%Hybnd

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

LDV_929500 i= 3450 LDV_9295,3c = 04150 LDV_9295y0, = 1.0-5
mi mi mi

LDT_ 929500 = 1080 LDT 9295, := 0.67-50  LDT_92950, i= 1.2-57
mi mi mi

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

LDV_8291cq = 4.2-% LDV_8291yoc = 0.80-% LDV_8291n0x = 1.0%

LDT_8291 g = &;18-% LDT_8291y o i= 0.80-%]:- LDT_8291Nox = 1.2-%
Pre 1982 Data:

LDV_P82p = 22+ 319(')3 * 15'5.% LDV_P82yqy = 2 3"'2] ]+ 24+ 1'2.%

LDV_P82y o = 343+ 1.?-05 + 0.41~2.%

LT pi2gg = 22+ 2:25 + 18-4_% LT P2y = 243t 2]34 + 1.7~6‘%

LDT_P82y0y = 3-3+3.114+23:6 gm

13 mi



Emissions Calculations:
1992 - 1995

— . les)- . 0
LDV9295CO = [V9295 (Total_Worcester_mlles) LDV~9295CO LDC/O] LDV9295CO — 593 x 108gm
+Vgy95(Total_Worcester_miles)-SLEV_CO-LDV Hybrid

LDT9295¢( = Vgpg5 (Total_Worcester_miles)-LDT_9295-4-LDT% LDT9295¢q = 5.294 x 108gm

. 8
LDV9295N0x« = Vgpgs5 (Total_Worcester_miles)-LDV_9295g,' LDC% .LDV9295y oy = 1.599x 10" gm

+Vgpgs5-(Total_Worcester_miles)-SLEV_NOx- LDVHybn' d

7
LDT9295N0y = Vgpgs-(Total_Worcester_miles)-LDT_929550, LDT% LDT92950 = 6.353x 10 gm
7
LDV9295HC = V9295-(Total_Worcester_miles)-LDV_9295HC-LDC% LDV9295HC = 6.565x 10 gm

+Vgog5-(Total_Worcester_miles)-SLEV_HC-LDV Hybrid
. 7
LDT9295y ¢ := Vgpgs (Total_Worcester_miles)-LDT_9295;~LDT% LDT9295yc = 3.547x 10" gm

1982-1991
LDV8291 @ = Vgog - (Total_Worcester_miles)-LDV_8291~5-LDC% ... LDV8291-p = 5.28 x 108gm
+Vgog1-(Total_Worcester_miles)-SLEV_CO- LDVHybrid

LDT8291 - = Vgpg1-(Total_Worcester_miles)-LDT 8291~ LDT% LDT8291 g = 4.228 x 108gm

LDV8291Nox = Vgag1-(Total_Worcester_miles)-LDV_8291,-LDC% .LDV8291 oy = 1.173 x IOng

+Vgrg1-(Total_Worcester_miles)-SLEV_NOx-LDV Hybrid

LDT8291Nox = Vgpg1-(Total_Worcester _miles)-LDT_8291ox LDT% LDT8291y = 4.659 x 107gm

. 7
LDV8291y g = Vgog)-(Total_Worcester_miles)-LDV_8291y,cLDC% LDV8291y,oc = 9.357x 10 gm
+Vgog1-(Total_Worcester_miles)-SLEV_HC: LDVHybri d

LDT8291y ¢ = Vgog-(Total_Worcester_miles)-LDT_8291y, - LDT% LDT8291y,oc = 3.106 x I07gm
Pre 1982

LDVP82-q := Vpgy(Total_Worcester_miles)-LDV_P82~-LDC% ... LDVP82-q = 3.833x 108gm
+ Vpgy(Total_Worcester_miles)-SLEV_CO-LDV Hybrid
LDTP82¢( := Vpgy:(Total_Worcester_miles)-LDT_P82~4-LDT% LDTP82q = 1.275 % 108gm

LDVP82\ox = Vpgy'(Total_Worcester_miles)- LDV_P82\5,-LDC% ... LDVP82y gy = 3.649 x IO7gm
+Vpgy (Total_Worcester_miIes)-SLEV_NOx-LDVHybﬁd

. 7
LDTP82N oy = Vpgy:(Total_Worcester_miles)-LDT_P82y o, LDT% LDTP82Nox = 1434 x 10 gm



. 7
LDVPSZVOC = Vp82-(Total_Worcester_m11es)~LDV_P82VOC'LDC% LDVPSZVOC =2.947x 10 gm
+ Vpgy (Total_Worcester_miles)-SLEV_HC- LDVHybn' d

7
LDTszVOC = Vp82-(TotaI_Worcester_miIes)~LDT7P82VOC-LDT% LDTP82VOC = 1.157x 10 gm

Total Emissions of New Vehicles, (English Tons):
Carbon Monoxide:
COneW = LMMCO + SmCCO + SUVCO LMMCO = 731.3ton

SmCCO = 95.7ton

CO ew = 1174 ton

n SUVCO = 347ton

Nitrous Oxides:

NOXT'ICW = LMMNOX + SmCNOX + SUVNOX _
LMMNOX 53.1ton

NOXnew = 90 ton SmCNOX = 1.9ton
SUVpoy = 35ton

Hydocarbons:

HCI‘\CW = LMMHC + SmCHC + SUVHC LMMHC = 21.4ton

SmCHC = lton

HC ew = 39.5ton

n
SUVHC = 17.1ton
Total Emissions:

Emissionsn = Conew + NOXaw + HC

ew new

EmissionsneW = 1303.4ton

Total Emissions of Older Vehicles, (English Tons):
Carbon Monoxide:

LDV9295 = 653.6ton LDV8291 o = 582.1ton LDVP82( = 422.5ton
LDT92950( = 583.6ton LDT8291( = 466ton LDTP82( = 140.6ton

+LDVP820o + LDTP82¢
Nitrous Oxides: COgq = 2848.4ton
LDV9295y0, = 176.3ton LDV8291 0y = 129.3ton LDVP82yo, = 40.2ton
LDT929550x = 70ton LDT829150, = S1.4ton LDTP825 0, = 15.8ton

NOX 14 := LDV92955 0y + LDT9295N 5 + LDV8291 0y + LDT8291 0 -
+LDVP82y 0 + LDTP82y 04
NOXjq = 482.9ton



HydroCarbons and Volatile Organic Compounds:

LDV9295p¢ = 72.4ton LDV8291y ¢ = 103.1ton LDVP82y ¢ = 32.5ton
LDT9295p;¢ = 39.1ton LDT8291y ¢ = 34.2ton LDTP82y o = 12.7ton

HCo]d = 294] ton
Totals for Older Vehicles:

COyq = 2848.4t0n NOx ;4 = 482.9ton HC,jq = 294.1ton
EmiSSiOﬂSold = Coo]d + NOXOId + HCold
Emissions,|q = 3625.4ton

T := Emissions ., + Emissionsgq T = 4928.9ton
COTOt = COnCW + COold COTOt = 4022.4 ton
NOx ot = NOXey, + NOxg g NOxq; = 572.924ton

HCro = HCojg + HCpew ~ HCrqp = 333.567ton

Emissionsnew Emissionsol d
Graphl :=
2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons

=

DTP82 VvOC = 12.7ton




Replacing 25% of all LDT's w/Hybrids

Assumptions:
Vehicles traveling through Worcester Travel an average of 7 miles each

Travel _distance := 7-mi

40% of the pollutants in the air come from vehicles
Work_days := 261-day
Week_ends := 104-day
City Data:
Worcester _population := 254900 people
Vehicles_per_person = 0.79

Percentages of Vehicle Types: %NotReplaced := 0.75
Newer Vehicles:
SUV :=0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:

SUVgig:=020  SmCgq:=020 LMMq = 0.60

Age distribution of Vehicles on the Roads:

Transitional Low Emissions Vehicle Data:

TLEV_NMOG := 0.125-E% TLEV NOx := 0.4-2%
mi mi
TLEV_CO = 34. 2% TLEV_HCHO := 0.015-£%
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV HC = 0.14 8%
mi

Low Emissions Vehicle Data:

LEV_NMOG := 0.075- 2% LEV_NOx := 0.2. 8%
mi mi
LEV_CO := 3.4.82 LEV_HCHO := 0.015- 2%
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.098%
mi

billion_miles = 109~mi

million_miles := 106-mi

%Hybrid := 0.25



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-2%

mi

ULEV CO = 1.7.88

mi

ULEV_NOx := 0.2- £

mi

ULEV_HCHO := 0.008-£%

mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 2%
mi

Super Low Emissions Vehicle Data:

SLEV CO := 1.0-82 SLEV_HC := 0.01.E SLEV_NOx := 0.02-&2
mi mi
Zero Emissions Vehicle Data:
ZEV_CO = 0-82 ZEV_HC := 0-EC ZEV_NOx := 0-28
mi mi mi
Tier 1 Emissions Data:
T1_CO = 4.2. 88 Tl HC = 031.22 TI_NOx := 0.6-E
mi mi mi

Tabulated Vehicle Distribution for New Vehicles:

0.21
SUV_ZEV _percentage := ——
100

0.86

SUV_SLEV_percentage := o0

4.5
SUV_ULEV_percentage := —

100
51.82
SUV_LEV_percentage == ———
100
1.5
SUV_TLEV_percentage := —
100
41.11
SUV_TI1_percentage := ———
100
0.26
SmC_ZEV_percentage := —
100
1.06
SmC_SLEV_percentage := ——
100
15.04

SmC_ULEV_percentage := ———
100

LMM_ZEV percentage := 0

0.36
LMM_SLEV_percentage := 036

100
19.13
LMM_ULEV _percentage := ——
- - 100
70.40
LMM_LEV_percentage = ——
100
7.94
LMM_TLEV_percentage := ——
- - 100
- 2.17
LMM_TI _percentage := ——
100
65.17
SmC_LEV_percentage := W

9.
SmC_TLEV_percentage := 1—02
97
SmC_T1_percentage := 897
100



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := .2395 LMM_on_road := .5418
SUV_on_road := .2187-%NotReplaced SUVHybrid = 0.2187-%Hybrid

Equations:

Number of Vehicles := Worcester _population-Vehicles_per person

Number_of Vehicles = 2.014 x ]O5
2

Commuter_miles := (Travel distance)- [—d———]-(Work_days)‘(Number_of_Vehic]es)
ay

Commuter_miles = 0.736billion_miles driven per year

Commuter_miles

Avg_commuter_miles = 3.654 x ]03 mi
per vehicle
driven per year

Avg_commuter_miles := -
Number_of_Vehicles

T I di
Weekend_miles = ($]( 2

— |-(Week_ends)-(Number_of Vehicles)
2 day

Weekend_miles = 146.598 million_milesriven per year

Weekend_miles

Avg_weekend miles := Avg_weekend_miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total Worcester miles := Weekend miles + Commuter_miles Total Worcester _miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOy = V9602'_ (Total_Worcester_miles)-(SUV_on_road)-(SUV_ZEV_percentage)-(ZEV_NOx) ...

+(Total_Worcester miles)-(SUV_on road)-(SUV_SLEV_percentage)-(SLEV_NOX) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV _percentage)-(TLEV_NOx) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOXx) ...

+ [(Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_NOx)] ...
+ (TotaI_Worcester_miles)-(SUV Hybri d)-(SLEV‘NOx)

7
SUVNOx = 2424 % 10" gm

SUVyc = V9602'_ (Total Worcester_miles)-(SUV_on_road)-(SUV_ZEV percentage)-(ZEV_HC) ...

+ (Total_Worcester miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T!1 percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_HC) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...

+ [(Total_Worcester miles)-(SUV_on road)-(SUV_ULEV_percentage)-(ULEV_HC)] ...
+ (Total_Worcester_miles)-(SUV yjprig)- (SLEV_HC)

7



SUV(o = V9602-_(Tota]_Worcester_miles)-(SUV_on‘road)-(SUV_ZEV_percentage)-(ZEV_CO)

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...

+ (Total_Worcester miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...

+[(Total Worcester miles)-(SUV_on road)-(SUV_ULEV_percentage)-(ULEV_CO)] ...
+(Total_Worcester_miles)-(SUVyyprig)-(SLEV_CO)

8

Emissions Due to New Small Cars

SmCNOox = Vogo2'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV _percentage)-(ZEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester miles)-(SmC_on road)-(SmC_T1_percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOXx) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCyox = 2401 x 107 gm

SmChc = Vggoo| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles):-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCr = Vggop| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on road)-(SmC_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_CO)



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Vggop'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOX) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOX) ...
+ (Total Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOX) ...

+ (Total_Worcester _miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_NOx)

7
LMMyox = 4817x 10" gm

LMMc = Vggqo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_HC) ...

LMMco = Vos02:

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester miles)-(LMM _on_road)-(LMM_ULEV _percentage)-(ULEV_HC)

;
LMMpc = 1.945x 10 gm

(Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...
+(Total_Worcester miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 _percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_ULEV_percentage)-(ULEV_CO)

8



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dui
Trucks (LDT)
Recalculated Old Vehicle Distributions
LDT% := SUV 4-%NotReplaced  LDT% = 0.15

LDTHybnd = SUVOId%Hybnd LDTHybI’]d = 0.05 ' ) )
x100 percent distribution
LDC% = SmCj4 + LMM 4 LDC% = 0.8

1992 to 1995 Emissions Data:

By 1992, all vehicles had to conform to the following Federal standard:

=348 = 0.4].8M — 0.8m
LDV 929500 = 3422 LDV 9295 = 041-= LDV 92950y = 10—
= 10.8M - 0.67.E0 = 12.8M
LDT 9295¢q = 1022 LDT 9295 i= 0.67- "= LDT 92950y = 1.2

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

LDV_8291q = 42-55 LDV 8291y = 0.80-5 LDV_8291y 0y := 1055
mi mi m

_10-8+18 gm ) gm . gm
LDT_8291CO = ——'9—'—"1;1- LDT_8291VOC = 0.80-; LDT—829]NOX = 1.2-};

Pre 1982 Data:

2324393+ 155 gm 33+3.1:2+24+1-2 gm

LDV_P82(( := " LDV _P82yoy = " —
LDV_P82y o = 343+ 1.765 + 0.41-2_%

LDT_P82¢ = 39-3 + 2:); + 18-4.% LDT_ P82y = 343+ 2,34 + 1.7-6_%
LDT_P82y0, = 3:3+3.1-4+ 2.3-6_@

13 mi



Emissions Calculations:
1992 - 1995
LDV9295-q = Vgpg5-(Total_Worcester_miles)-LDV_929504-LDC%  LDV9295,-q = 7.2 % 108 gm

LDT9295CO V9295 (Total Worcester mlles) LDT 9295CO LDT% ...
+Vgogs (Total_Worcester_miles)-SLEV_CO- LDTH brid LDT9295¢@ = 4.103 x 10 gm

LDV9295N0x = Vgo95-(Total_Worcester_miles)- LDV_9295y,g,-LDC% LDV9295\ gy = 2.118 108gm

LDT9295NOX = V9295 (Total_Worcester_miles)-LDT 929550y LDT% ..
+Vgyg5:(Total_Worcester_miles)-SLEV_NOx- LDTH bri LDT9295y0x = 4791 % 10 gm

7
LDV9295c == Vgpg5:(Total_Worcester_miles)-LDV_9295y;~LDC% LDV9295yc = 8.683x 10 gm

LDT9295y ¢ = Vgpg5:(Total_Worcester_miles)-LDT_9295;~-LDT% ... LDT9295yc = 2.674 x 107gm
+Vgrg95(Total_Worcester_miles)-SLEV_HC: LDTHybrid
1982-1991

LDV8291~ = Vgog)-(Total_Worcester_miles)-LDV_8291~n-LDC% LDV8291 - = 6.523 x IOggm

LDT8291CO Vgog1-(Total_Worcester_miles)-LDT_8291-4-LDT% ...
+Vgpg1-(Total_Worcester_miles)-SLEV_CO-LDTyyypiq “PT8291co = 3.268 % 10°gm

LDV8291\x = Vgog-(Total_Worcester_miles)-LDV_8291 g, LDC% LDV8291yoy = 1.553 % 108gm

LDT8291N0x = Vgo9;-(Total_Worcester_miles)-LDT_8291y - LDT% .. -
+V829]-(Total_Worcester_mi]es)-SLEV_NOx-LDTHybﬁ LDT8291N0x = 3.514x 10" gm

LDV8291y ¢ = Vgpg1-(Total_Worcester_miles)-LDV_8291y,oLDC% LDV8291y, o = 1.242 x 108gm
LDT8291y ¢ = Vgog|-(Total_Worcester_miles)-LDT_8291y,c-LDT% ...
+ Vg9 -(Total_Worcester_miles)-SLEV_HC-LDTHypric LDT8291y 0 = 2.339x 10” gm

Pre 1982
LDVP82¢( = Vpgy:(Total_Worcester_miles)- LDV_P82--LDC% LDVP82-g = 5.04 x 108gm

LDTP82¢q = Vpgy(Total_Worcester_miles)-LDT_P82--LDT% ...

;
+Vpgy-(Total_Worcester_miles)-SLEV_CO-LDTyypiq  ZPTP82c0 = 9:695x 107 gm

LDVP82yx = Vpgy (Total_Worcester_miles)-LDV_P82y 5, LDC% LDVP82yy = 4.852x 107gm

LDTP82Nx = Vpgy:(Total_Worcester_miles)- LDT_P82y\,-LDT% ...
+Vpgy(Total_Worcester_miles)-SLEV_NOX-LDTyyyp,rg LDTP82NQx = 1.078 % 10’ gm



LDVP82y o i= Vpgy-(Total_Worcester_miles)-LDV_P82y-LDC%  LDVP82y o = 3.922x 10 gm

LDTP82y o = Vpgy (Total_Worcester_miles)-LDT_P82y,-LDT% ... 6
+Vpgy-(Total_Worcester_miles)-SLEV_HC-LDTyyypiq DPTP82voC = 8688 107gm

Total Emissions of New Vehicles, (English Tons):

Carbon Monoxide:
COnew = LMMCO + SmCCO + SUVCO LMMCO = 731.3ton

SmCe = 333.6ton

CcO ew = 1349 ton

n SUVCO = 284.2ton

Nitrous Oxides:

NOX.new = LMMNOX + SmCNOX + SUVNOX LMMNOX = 53.1ton

NOX ey = 106.3ton SmCNQx = 26.5ton
SUVNOX = 267ton

Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC — 21.4ton

SmCHC = 11.2ton

HC ew = 45.7ton

n
SUVHC = 13ton
Total Emissions:

Emissionsnew = Conew + NOxnew + chew

Emissionsnew = 1501 ton

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295:¢ = 793.7ton LDV8291 o = 719ton LDVP82¢( = 555.6ton
LDT9295¢ = 452.3ton LDT8291 g = 360.2ton LDTP82q = 106.9ton

COg)q = LDV9295 ¢y + LDT92950( + LDV8291 -~y + LDT8291 = ..
+LDVP821g + LDTP82

Nitrous Oxides: COqjq = 2987.7ton

LDV9295N0x = 233.4ton LDV8291n0y = 171.2ton LDVP82y 0y = 53.5ton

11.9ton

LDT9295N 0 = 52.8ton LDT8291y0y = 38.7ton LDTP82y0x

NOX g = LDV9295y o + LDT9295y 0 + LDV829 Iy + LDT8291 50y -
NOXO]d = 561.5ton



HydroCarbons and Volatile Organic Compounds:

LDV9295 ¢ = 95.7ton LDV8291y e = 137ton

LDT92951¢ = 29.5ton LDT8291y ¢ = 25.8ton

LDVP82y ¢ = 43.2ton

LDTP82VOC = 9.6ton

HCg)q = LDV9295 ;¢ + LDT9295 + LDV8291y, o + LDT8291y 0 -

HCold = 340.7 ton

Totals for Older Vehicles:

Coold = 2987.7ton NOx,1q = 561.5ton
Emissionsold = Coold + NOxo]d + HCo]d

Emissionso]d = 3890ton

T = 5391 ton
COTot = 4336.7ton
NOXTot = 667.832ton

T:= Emissionsnew + Emissionso]d
COrot = COpey, +COy14
NOXTot = NOxnew + Noxold

HCpo = HCog + HCpew ~ HCrop = 386.455ton

Emnssnonsnew

Emissionso] d
2000

Graphl =
2000

Total Emissions- All Vehicles, All Pollutants

Tons

=

HCO]d = 340.7ton

DTPSZVOC = 12.7ton



Replacing 50% of all LDT's w/Hybrids

Assumptions:
Vehicles traveling through Worcester Travel an average of 7 miles each

Travel_distance := 7-mi

40% of the pollutants in the air come from vehicles
Work _days = 261-day
Week_ends := 104-day
City Data:
Worcester_population := 254900 people
Vehicles_per_person := 0.79

Percentages of Vehicle Types: %NotReplaced := 0.5
Newer Vehicles:
SUV := 0.275 SmC := 0.21 LMM := 0.51
Older Vehicles:
SUVgq:=020 SmCyq:=020 LMM:= 0.60
Age distribution of Vehicles on the Roads:
1992 - 1995 Vg5 := 0.30
Transitional Low Emissions Vehicle Data:
TLEV_NMOG := 0.125-2% TLEV_NOx := 0.4-2%
mi mi
TLEV_CO := 3.4.80 TLEV_HCHO := 0.015-£2
mi mi

TLEV HC := TLEV NMOG + TLEV_HCHO
TLEV_HC = 0.14&"
mi

Low Emissions Vehicle Data:

LEV_NMOG := 0.075- 22 LEV_NOx := 0.2. 2%
mi mi
LEV_CO := 3.4.81 LEV_HCHO := 0.015- 2%
mi mi

LEV_HC := LEV_NMOG + LEV_HCHO

LEV_HC = 0.09 8%

mi

billion_miles := 109-mi

million_miles := 106‘mi

%Hybrid := 0.5



Ultra Low Emissions Vehicle Data:

ULEV_NMOG := 0.04-82
mi

ULEV_CO = 1.7.82

mi

ULEV_NOx := 0.2-8%

mi

ULEV_HCHO := 0.008-£2

mi

ULEV_HC := ULEV_NMOG + ULEV_HCHO

ULEV_HC = 0.048 82

mi

Super Low Emissions Vehicle Data:

SLEV_CO := 1.0-22

mi

Zero Emissions Vehicle Data:

SLEV_HC = 0.01.£C

mi

SLEV_NOx := 0.02-&%

ZEV_CO = 0.22 ZEV_HC == 0-82 ZEV_NOx := 0-22
mi m
Tier 1 Emissions Data:
T1 CO = 4.2.80 T1_HC = 0.31.EC T1_NOx := 0.6-E-
mi mi mi

Tabulated Vehicle Distribution for New Vehicles:

21
SUV_ZEV_percentage := ?TO LMM_ZEV percentage := 0
0.86 0.36
SUV_SLEV_percentage := —— LMM_SLEV percentage := ——
- - 100 100
4.5 19.13
SUV_ULEV percentage := — LMM_ULEV_percentage .= ——
- 100 - 100
51.82 70.40
SUV_LEV percentage := ——— LMM_LEV percentage := ———
- 100 - 100
1.5 7.94
SUV_TLEV_percentage = — LMM_TLEV percentage :== ——
100 100
41.11 217
SUV_TI1_percentage := ——— LMM_TI! percentage == ——
100 100
0.26 65.17
SmC_ZEV percentage ;= —— SmC _LEV_percentage .= ———
- 100 100
1.06 9.5
SmC_SLEV_percentage := —— SmC _TLEV_percentage == —
100 100
15.04 SmC_T1_percentage := 897
SmC_ULEV _percentage == —— L1l _percentage = 100

100



Percentages of Each New Vehicle Type Observed on the Road:
SmC_on_road := .2395 LMM on_road := .5418
SUV_on_road := .2187-%NotReplaced SUVHybrid = 0.2187-%Hybrid

Equations:

Number_of Vehicles := Worcester_population- Vehicles_per_person

Number_of Vehicles = 2.014 x 105
2

Commuter_miles := (Travel_distance)-(d—]-(Work_days)-(Number__of_Vehic]es)
ay

Commuter_miles = 0.736billion_miles driven per year

Commuter_miles

Avg_commuter_miles = 3.654 x 103 mi
per vehicle
driven per year

Avg_commuter_miles := - -
Number_of Vehicles

Travel _di 2
Weekend _miles := (Mj-(

— |- (Week_ends)-(Number_of Vehicles)
2 day

Weekend miles = 146.598 million_milesriven per year

Weekend_miles

Avg_weekend_miles := Avg_weekend_miles = 728 mi
per vehicle

driven per year

Number_of Vehicles

Total Worcester_miles := Weekend miles + Commuter_miles Total_Worcester_miles = 0.882billion_miles
driven per year

Emissions Due to New SUV's

SUVNOx = V9602-_(Tota]_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_NOx) ... W

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_NOX) ...

+(Total_Worcester_miles)-(SUV_on_road)-(SUV_TI1_percentage)-(T1_NOx) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_NOx) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_NOx) ...

+ [(Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_NOx)] ...
+(Total_Worcester_miles)-(SUVybrig)-(SLEV_NOX)

7
SUVNOx = 1674 % 10" gm

SUVyc = V9602-_(Tota]_Worcester_miles)-(SUV_on_road)-(SUV_ZEV _percentage)-(ZEV_HC) ...

+(Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_HC) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1 _percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV_percentage)-(TLEV_HC) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_HC) ...

+[(Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV _percentage)-(ULEV_HC)] ...
+ (Total_Worcester_miles)-(SUVyyig)-(SLEV_HC)

6



SUV o = Vggoz:

(Total_Worcester_miles)-(SUV_on road)-(SUV_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_T1_percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_TLEV percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SUV_on_road)-(SUV_LEV_percentage)-(LEV_CO) ...

+ [(Total_Worcester_miles)-(SUV_on_road)-(SUV_ULEV_percentage)-(ULEV_CO)] ..
+ (Tota]_Worcester_miIes)-(SUVHybri d)-(SLEV_CO)

8

Emissions Due to New Small Cars

SmCNox = Vggoo'| (Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_NOX) ...

SmCHC = Vo602

SmCco = Vgg02'

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_NOx) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_NOx) ...

+ (Total_Worcester miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_NOx) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_NOXx) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_NOx)

SmCyoy = 2401 x 107 gm

(Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1_percentage)-(T1_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_HC) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV_percentage)-(ULEV_HC)

SmCyc = 1.018x 10’ gm

(Total_Worcester_miles)-(SmC_on_road)-(SmC_ZEV_percentage)-(ZEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_T1 percentage)-(T1_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_LEV_percentage)-(LEV_CO) ...

+ (Total_Worcester_miles)-(SmC_on_road)-(SmC_ULEV _percentage)-(ULEV_CO)

8



Emissions Due to New Large-Medium cars and Minivans

LMMyox = Voggoz'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_NOXx) ...
+ (Total Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 percentage)-(T1_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_NOXx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_NOx) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ ULEV_percentage)-(ULEV_NOx)

.
LMMyy = 4.817x 10 gm

LMMpc = Vggqo| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV_percentage)-(ZEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_SLEV_percentage)-(SLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_T1 percentage)-(T1_HC) ...
+ (Total_Worcester_miles)-(LMM_on road)-(LMM_TLEV_percentage)-(TLEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_HC) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV_percentage)-(ULEV_HC)

7
LMMyc = 1.945x 10 gm

LMM(q = Vggqo'| (Total_Worcester_miles)-(LMM_on_road)-(LMM_ZEV _percentage)-(ZEV_CO) ...
+ (Total_Worcester_miles)-(LMM _on_road)-(LMM_SLEV_percentage)-(SLEV_CO) ...
+ (Total_Worcester_miles):-(LMM_on_road)-(LMM_T1_percentage)-(T1_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_TLEV_percentage)-(TLEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_LEV_percentage)-(LEV_CO) ...
+ (Total_Worcester_miles)-(LMM_on_road)-(LMM_ULEV _percentage)-(ULEV_CO)

LMMcg = 6.634 x 10° gm



Emissions Due to Vehicles manufactured 1995 or before:

Note: Prior to 1996 vehicles were generally classified as either Light Duty Vehicles (LDV) or Light Dut
Trucks (LDT)
Recalculated Old Vehicle Distributions
LDT% := SUV 4 %NotReplaced ~ LDT% = 0.1

LDTHybI’ld = SUVOld%Hybl’ld LDTHybI‘Id = 0.1 . . .
x100 percent distribution

LDC% := SmCgq + LMM1q LDC% = 0.8

1992 to 1995 Emissions Data:

By 1992, all vehicies had to conform to the following Federal standard:

LDV_92950q = 34-5%  LDV_9295,c = 041-8%  LDV_9295y0, = 1.0-5
mi mi mi

LDT 929500 = 1082 LDT 92951 := 0.67-50  LDT_9295y0, := 1.2-5
mi mi mi

1982 - 1991 Emissions Data:

In this time frame, HC were not regulated. Instead Volatile Organic Compounds (VOC) were the
standard, and will be considered nearly equivalent to HC's

Vehicles older than 1991 have reached their full usefull life of 10 yrs / 100,000 mi

LDV_8291 ¢ i= 4.2.% LDV_8291y,0c = 0.80-% LDV_8291n0y i= 1.0%

LDT_8291c := l(—)'—%ﬂg-%' LDT_8291y ¢ = 0.80-% LDT_8291Noy = 1.2-%
Pre 1982 Data:

LDV_P82(q = 22+ 3]9(')3 * 15'5.% LDV_P825(, =~ 3""’; ]+ 24+ ”.:fnﬂi

LDV pg2y o = 243 1.:;'-05 + 0.4.1.2.%

LDT P82, 1= 22 2?:'25 * 18‘4.% LDT P82y 1= 2 1234 + 1'7'6.%]1_‘:‘

33+3.1:4+2.3:6 gm
13 mi

LDT—P82NOX =



Emissions Calculations:
1992 - 1995
LDV9295¢() == Vgygs(Total_Worcester_miles)-LDV_9295-cLDC%  LDV9295-q = 7.2 10° gm

LDT9295¢( = V995 (Total_Worcester_miles)-LDT_9295-n-LDT% ...
+Vgygs-(Total_Worcester_miles)-SLEV_CO-LDTy g FPT9295co = 2912 10°gm

8
LDV9295N0x = Vgp95'(Total_Worcester_miles)-LDV_92955,' LDC% LDV9295y 0y = 2.118x 10" gm
LDT9295N0x = Vgp95:(Total_Worcester_miles)-LDT_9295yy-LDT% .. 4
+ Vg5 (Total_Worcester_miles)-SLEV_NOx-LD Ty, EPT9295N0x = 3.23x 10" gm
4
LDV9295c = Vgpg5-(Total_Worcester_miles)-LDV_9295,;~LDC%  LDV9295y- = 8.683x 10" gm

LDT9295:~ =V -(Total_Worcester_miles)-LDT 9295;;~LDT% ... LDT9295,~ = 1.8x 107gm

HC 9295 - HC HC
+Vgpg5-(Total_Worcester_miles)-SLEV_HC: LDTHybri d

1982-1991

8
LDV8291cq = Vgog)-(Total_Worcester_miles)-LDV_8291-4 LDC%  LDV8291- = 6.523x 10 gm
LDT8291 ¢ = Vgpg)-(Total_Worcester_miles)-LDT_8291~ LDT% ...
+Vgg|-(Total_Worcester_miles)-SLEV_CO-LDTyyyp g LPT8291co = 2.308x 10"gm
LDV8291Nox = Vgo91-(Total_Worcester_miles)- LDV_8291y o' LDC% LDV8291yoy = 1.553 % 108gm

LDT8291Nox = Vgo91-(Total_Worcester_miles)- LDT_8291y oy LDT% ..
+Vgog1-(Total_Worcester_miles)-SLEV_NOx-LDTyy p,; LDT829INOx = 2368 10" gm

LDV8291y ¢ = Vgog;-(Total_Worcester_miles)-LDV_8291y,-LDC% LDV8291y, ¢ = 1.242 % 108gm

LDT8291y ¢ = Vgpg( (Total_Worcester_miles)-LDT_8291y, ' LDT% ...
+Vgg-(Total_Worcester_miles)- SLEV_HC-LDThypyic LDT8291y o = 1.572 % 107 gm

Pre 1982
LDVP82(( = Vpgz-(Total_Worcester_miles)’LDV_P82CO- LDC% LDVP82( = 5.04 x 108 gm

LDTP82~n := Vpgy:(Total Worcester miles)-LDT_P82~~-LDT% ...
Co P82 - CO 7
+Vpgy-(Total_Worcester_miles)-SLEV_CO-LDTyy g LPTP82co = 6:64x 10" gm
LDVP82N (g = Vpgy:(Total_Worcester_miles)-LDV_P82y;y-LDC% LDVP82y oy = 4.852 % I07gm

LDTP82Nx = Vpgyp'(Total_Worcester_miles)-LDT_P82\,-LDT% ...
+Vpgo-(Total_Worcester_miles)-SLEV_NOx-LDTy ybrid LDTP82Nox = 7221 x IO gm



. 7
LDVP82y,oc = Vpgy(Total_Worcester_miles)-LDV_P82y,5'LDC%  LDVP82y, - = 3.922x 10 gm

LDTP82y ¢ = Vpgy-(Total_Worcester_miles)- LDT_P82y;-LDT% ...
+ Vpgo (Total_Worcester_miles)-SLEV_HC- LDTH brid LDTP82y ¢ = 5.81 % 10 gm

Total Emissions of New Vehicles, (English Tons):
Carbon Monoxide:

SmCCO = 333.6ton

new

COpew = 1286.2ton SUV(q = 221.3ton

Nitrous Oxides:

NOX.new = LMMNOX + SmCNOX + SUVNOX LMMNOX = 53.1ton

NOx,, = 98ton SmCyx = 26.5ton
SUVNQox = 18.5ton
Hydocarbons:

chew = LMMHC + SmCHC + SUVHC LMMHC = 21.4ton

SmCHC = 11.2ton

HCneW = 41.7ton

SUVHC = 9ton
Total Emissions:

EmissionsneW = COnew + NOxnew + HCnew

Emissions = 14259ton

ne

Total Emissions of Older Vehicles, (English Tons):

Carbon Monoxide:

LDV9295 ¢ = 793.7ton LDV8291 g = 719ton LDVP82q = 555.6ton
LDT9295¢( = 321 ton LDT8291q = 254.4ton LDTP82( = 73.2ton

COyg = LDV9295 -y + LDT9295- + LDV8291 o + LDT8291 g ..

+ LDVP82 + LDTP82

Nitrous Oxides: COolg = 2716.9t0n
LDV92950x = 233.4t0n LDV8291 oy = 171.2ton LDVP82y0x = 53.5ton
LDT929550, = 35.6ton LDT8291y 0, = 26.1 ton LDTP82 0y = 8ton

NOX, 4 = LDV929550, + LDT9295 oy + LDV8291 1y + LDT829 105 -
NOXOId = 527.8ton



HydroCarbons and Volatile Organic Compounds:

LDV9295p¢- = 95.7ton LDV8291y e = 137ton

LDVP82y, ¢ = 43.2ton

LDTP82VOC = 6.4ton

HCOld = 319.5ton
Totals for Older Vehicles:
COy)q = 2716.9ton NOx, 4 = 527.8ton HCjq = 319.5ton
Emissionsold = Coold + NOond + Hcold
Emissionsold = 3564.2ton
T:= Emissionsnew + Emissionsold T = 4990ton
COtot = COpew + €014 COr ¢ = 4003.1ton
NoxTot = Noxnew + Noxold NOXTot = 625.801 ton

HCpo; = HCog+ HCpew ~ HCrop = 361.169ton

Emissions Emissions )4
Graphl = [ aud ol ]

2000 2000

Total Emissions- All Vehicles, All Pollutants

Tons

—

LDTP82 VOC = 12.7ton
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