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EVALUATING THE AIR EMISSIONS FROM SOLID WASTE REFUSE TRUCKS
Lauren Hauser, M.S.
University of Nebraska, 2015

Advisor: Elizabeth Jones

The air emissions from solid waste refuse trucks is an issue that has not been
widely studied, but is becoming an ever increasing issue. In the United States alone they
have generated around 251 million tons of waste in 2012. This study in particular will
collect data on 24 different refuse trucks (front-load, side-load, and roll-off, and diesel
and compressed natural gas fuel) while on real-life routes in the Raleigh, North Carolina
area. The collected data will then be aggregated and summarized based on the type of
trucks. A regression analysis will also be done to determine the relationship between the
vehicle year, engine year, fuel type, vehicle type, and the emission controls and the five
collected emissions, CO, CO, HC, NOx, and PM. This regression will focus first on the
average emissions data, and then split up based on the truck speed and the slope of the
road. From the regression analysis, it was found that the more detailed the emissions data
became, the more the emissions are affected. The higher vehicle speeds caused all of the
emissions to be affected by the factors in some capacity. The diesel fuel significantly
affected the emissions more than the CNG fuel. The front-load trucks affected the
emissions more than the side-load and roll-off trucks. Further regression analysis should
be done on each of the truck drivers driving habits, the specific truck routes, and the

traffic patterns within the routes.
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CHAPTER 1. INTRODUCTION

Refuse trucks are imperative to the operation and proper disposal of solid waste.
In 2012, the United States alone generated more than 251 million tons of trash (EPA,
2014). Due to the weight, fuel economy, and stop and go patterns of solid waste refuse
trucks, they produce a substantial amount of emissions during a typical route. These
emissions are a growing environmental concern. As a result of the enforcement of more
stringent environmental standards, the quantitative study of air emissions from solid
waste refuse trucks is becoming a more relevant issue. Under the Clean Air Act (CAA),
the Environmental Protection Agency (EPA) requires reduction in the most dangerous air
pollutants because of their effect on human health and the surrounding environment
(EPA, 2014).

This study focuses on determining what factors affect five tailpipe emissions from
refuse trucks within a typical collection route in the Raleigh, North Carolina area. These
emissions are carbon dioxide (CO2), carbon monoxide (CO), hydrocarbon (HC), nitrous
oxide (NOx), and particulate matter (PM). The data used in this analysis were collected
as part of a joint research project between the University of Nebraska-Lincoln and North
Carolina State University that was funded by the Environmental Research and Education
Fund (EREF).

Emissions data were collected from twenty-four trucks, including front-load, side-
load, and roll-off trucks. Twenty-four trucks were tested: six front-load diesel fuel
trucks, six side-load diesel fuel trucks, six roll-off diesel fuel trucks, three compressed

natural gas (CNG) front-load trucks, and three CNG side-load trucks. Front-load trucks,



as seen in Figure 1, are typically used for commercial or residential purposes. They use a

mechanical lifting fork to lift the dumpsters into the trucks to transport.

Figure 1. Front-load Truck (Trucks & Parts, 2010)

The side-load trucks, as shown in Figure 2, are also used primarily in residential
areas and are operated by a joystick that controls a lift to dump the trash can into the bed

of the truck.



Figure 2. Side-load truck (Trucks & Parts, 2010)

The roll-off truck, Figure 3, is a large truck that is used for commercial purposes.
It makes the least amount of stops but carries the largest loads at a time. The waste is
collected using a mechanism that pulls the container onto the truck and then the waste

transported to the drop-off site.

Figure 3. Roll-off trucks (Trucks & Parts, 2010)



Five different factors potentially affecting emissions are considered: vehicle year,
engine year, vehicle type, fuel type, and emission controls. These factors will be
analyzed to determine effects on each of the five emissions. All of the trucks used in the
study have vehicle and engine years that range from 2002-2013. Eighteen of the trucks
use diesel fuel and six use compressed natural gas (CNG) fuel. CNG fuel is an
alternative to diesel fuel that is made from methane. CNG fuel is said to produce less
CO2 and NOx than diesel fuel. There are four different emission controls. The emission
controls are devices on the trucks that help regulate the amounts of emissions released
into the surrounding environment. The exhaust gas recirculation (EGR) control helps
reduce NOx emissions. The diesel particulate filter (DPF) helps remove particulate
matter from the exhaust pipe. The selective catalytic reduction (SCR) is a device that
reduces NOx levels by using ammonia through a catalyst system. Lastly, the 3-way
catalytic system (3-WCC) helps convert NOx, CO, HC, and other hazardous air
pollutants and is found in many natural gas systems.

The truck data are recorded for every second that is spent in route. The collected
data are first aggregated, and then summarized based on truck characteristics. Then, a
regression analysis is performed based on the data averages, various speeds that the
trucks are traveling, and the slope of the road within each of the truck routes. This will

show how the five truck characteristic factors contribute to the five emissions.



CHAPTER 2. LITERATURE REVIEW

The environmental impact of air emissions produced by solid waste refuse trucks
is a fairly recent concern due to the increase in environmental standards. The stop and go
patterns of the trucks, especially in residential areas, has raised concern. As a result more
studies have been conducted to find alternatives that are economically and
environmentally sound for improving the amount of emissions produced by the trucks.
Solid waste vehicles are everyday necessities, and the types of pollutants produced by the
trucks can cause many health related concerns due to a decrease in air quality. Many
studies focus on the production of emissions based on fuel type. The most common fuel
type for refuse trucks is diesel fuel, but there are other alternatives that have been studied
as well, including natural gas, bio-diesel or hybrid vehicles. The majority of studies
concentrate on one type of truck in each study. The two most common refuse trucks
tested are front-loaders and side-loaders. The roll-off trucks have been tested by very
few. There are also a few studies that have considered the route characteristics or the
operating conditions of the refuse trucks. Although fuel type is pertinent to
understanding the environmental impact, the differing truck types, routes and the speed in
which the trucks are traveling are also very important factors that could influence the
amount of emissions produced.

The type of fuel has been the topic of most concern for solid waste refuse trucks.
Many studies have focused on the impact that diesel fuel may have on the surrounding
environment. Alternative fuel options have also been a priority as well. Researchers
want to determine if the replacement of diesel fuel with other alternatives, such as natural

gas, bio-diesel, or hybrid vehicles, is not only environmentally sound but more



economical in the long run as well. The majority of studies have focused on the
comparison of diesel fueled engines to compressed natural gas (CNG), since CNG is
becoming a more common resource. Several studies (Lee, 2011; Walkowicz, 2003) have
reported that compressed natural gas emits less CO2 and NOx emissions than their diesel
counterparts, and that PM emissions were negligible in both types of fuel trucks. Lee et
al. (2011) reported that CNG trucks emitted more CO and HC than diesel fuel trucks,
and that the HC emissions in the diesel fuel trucks “were below the detection limit”. This
was not the case in the study done my Lopez et al (2010). They determined that the CO
emissions were higher in CNG trucks as well, but that they “had the same or lower HC
emissions than diesels...”. They also found that PM emissions were higher in the diesel
fuel and non-detectable in the CNG fuel trucks (Lopez, 2010). This difference in
reported emissions data could be due to the different trucks tested or different technology
used to collect the data. Lopez’s study was performed in Madrid, and was published a
year before Lee’s study, so there could have been a more accurate measuring device used
in the later study. It should also be noted that all studies show that CNG fuel does not
emit less of all five emissions tested, so it may not be a better fuel alternative. The fuel
economy for both diesel and CNG is also necessary to examine as well, because even
though one may produce less emissions, if more fuel is needed to get through a daily
route it becomes less economical to replace. Few studies compared the fuel economy of
both fuel types, but Lopez et al. found that to complete a driving cycle it took less diesel
fuel in g/km than CNG fuel (Lopez, 2010). This does not necessarily suggest that diesel

fuel is a better alternative, but that it is cheaper to operate. All of the studies are



inconclusive about which fuel type is the better alternative because both still produce
significant emissions in some capacity.

The front-load and side-load trucks are similar in weight and body, and are
commonly used for residential areas (Sandhu, 2014; Farzaneh, 2009). Roll-off trucks are
typically used for commercial or construction purposes to haul large loads with few stops.
In a study by Sandhu, et al (2014), it was found that roll-off trucks contribute less
emissions and “have almost twice the fuel economy of previously reported values for
residential trash collection refuse trucks”, which could be explained by the roll-off trucks
making the least amount of stops in comparison to the residential refuse trucks (Sandhu,
2014). Typically studies do not perform analysis on multiple types of refuse trucks but
rather they examine one truck in particular. The comparison of the different truck types
is essential to understanding all of the factors that affect emissions because it could differ
based on the truck type.

The operating modes show the speed in which the truck is traveling. These
modes include braking and decelerating, idling, and traveling at various speed categories.
The lower speeds suggest residential areas while the higher speeds suggest highway
driving. Operating modes are vital to understanding when the emissions are most
prevalent while the trucks are in route. Both Farzaneh (2009) and Lee (2011) et al. found
that the emissions were highest in trash collection modes (residential areas). Farzaneh
also found that “more than 75% of all emissions occurred during freeway driving and
trash collection”, thus making driving to the routes and the landfills almost negligible.
This supports the idea that emission production is dependent on the speeds and driving

patterns of the trucks. When it came to testing the vehicles based on the operating



modes, Lee et al. focused on CO2 emissions only. Although their results showed that
CO: had the highest emission rates in every cycle, it is still imperative to discuss and
compare all five of the emissions tested in the study.

The route characteristics take into account how the truck is traveling on the road,
the slope, and the road terrain, etc. that the vehicles are traveling on. There are a few
studies that focus on the route and whether route optimization is effective in reducing
emissions. Apaydin et al. (2008) found that by developing alternative routes for the solid
waste vehicles through GIS that not only do the trucks spend less time on the road, but
CO2, NOx, HC, CO, and PM emissions decreased substantially than when the trucks are
traveling on the original routes (Apaydin, 2008). Although the idea of route optimization
is effective in theory, it may not be feasible to apply to every single solid waste refuse
truck route.

All of the studies involving the emissions from solid waste refuse trucks have
shown that the environmental impact of the trucks is increasing, so it is necessary to find
an improved solution. These solutions could be to find better fuel alternatives, use of a
different type of truck, improve the operating modes, or considering route optimization.
What many of the studies were lacking was a comparison of all of these different factors.
This study will compare the impact of air emissions in all three major types of solid waste
refuse trucks; both diesel and CNG fuel, in five different operating modes, and at three
different road grades. The vehicle year, engine year, and emission controls of the trucks
will also be considered as factors that affect the air emissions. It will combine the
findings of the previous studies with a statistical analysis of new collected emissions data

based on each of the different factors discussed.



CHAPTER 3. METHODOLOGY

The major objective of this study is to quantify the collected emissions data,
summarize the data based on common truck type and fuel type, and analyze it to
determine what various factors could possibly affect the five emissions measured (CO»,
CO, HC, NOx, and PM). This will be accomplished through the data collection, data
aggregation, descriptive statistics and the regression analysis.

3.1. DATA COLLECTION

The data collection was conducted on 24 refuse trucks that varied by type of
trucks, vehicle year, engine year, and fuel type. The truck data was measured while on a
typical waste collection route in Raleigh, North Carolina. A typical route ranged from
around 5 am in the morning to 5 pm in the afternoon. Several devices were utilized to
collect the various data from the trucks. One of these is a portable emissions
measurement system (PEMS). The PEMS is placed on the trucks to measure gaseous
emissions, particulate matter, and the vehicle exhaust flow rate (EREF Emissions
Project, 2014). The type used in this study is from the company Global MRV. It
recorded HC, CO and CO: using non-dispersive infrared; the NOx is found by using
electrochemical sensors; and the PM using light scattering. Next, an electronic control
unit port (ECU) is used to record engine revolutions per minute (RPM), fuel use rate, and
vehicle speed. Lastly, GPS data is also recorded on the trucks, to determine vehicle
location and road grade.

3.2. DATA AGGREGATION
The PEMS, ECU and GPS record every second that the trucks are operating while

on their typical routes. In order to determine the activity of each truck, EPA uses a
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classification system called the Motor vehicle emission simulator, also known as
MOVES (www.epa.gov). EPA uses the scaled tractive power (STP) in MOVES to
quantify the data based on the operating mode. An operating mode (OP Mode) is a
classification dependent on braking, idling, and various speeds while in route. Itis
calculated from the STP for every second of the data collected. It is a function of road
grade, acceleration, and vehicle speed. (Gururaja, 2011) The equation is shown below:

e
Avp+BvE+Cvi+mug(as+g=—5)
STP, = 100 [1]

f scale

Where,
STP: = scaled tractive power at time t [kW]
A = “rolling term”, rolling resistance coefficient, [1.4161kW-s/m]
B = “rotating term”, friction losses in the drivetrain or rotational resistance
coefficient, [0 kW-s/m¢]
C = “drag term”, aerodynamic drag coefficient, [0.0036 kW-s:/m:]
a: = v ehicle acceleration at time t [m/s?]
fscale = “fixed mass factor”, power scaling factor [unit less]
g = acceleration due to gravity [9.81 m/s?]
= “source mass”’, mass of individual test vehicle [20.6845 metric ton]
r. = road grade at time t [%]
vt = vehicle speed at time [m/s]
Table 1 describes the classification for each OP Mode. First, the acceleration is
examined and any acceleration less than 0 is automatically classified as OP Mode “0”, or
deceleration/braking. Then vehicle speed is examined next. If the vehicle speed is

between -1 and 1, then it is classified as Op Mode “17, or idling. The remainder of the



data is then based on first the vehicle speed to determine which subset it falls into and

then the calculated STP. These are the OP Modes 11-40. The total time spent in each

mode is then summed for all twenty-four trucks.

Table 1. Operation Modes based on Scaled Tractive Power (STP), Vehicle Speed

and Acceleration

a<-20Ra2<-

) ) 1

0 Deceleration/Braking - - AND < a1 < -1
AND a;<-1

1 Idle - -1 <wi <1 -
11 Coast STPt<O0 I <w<25 -
12 Cruise/Acceleration 0<STP:<3 1 <wt<25 -
13 Cruise/Acceleration 3 <STP: <6 1 <w<25 -
14 Cruise/Acceleration 6 <STP: <9 I <w<25 -
15 Cruise/Acceleration | 9 <STP:<12 1 <wt<25 -
16 Cruise/Acceleration 12 < STPt I <w<25 -
21 Coast STPt<O0 25 <wvt<50 -
22 Cruise/Acceleration 0<STP:<3 25<wvt<50 -
23 Cruise/Acceleration 3<STP:<6 25<vt<50 -
24 Cruise/Acceleration 6 <STP:<9 25<wvt<50 -
25 Cruise/Acceleration | 9<STPt<12 | 25<wt<50 -
27 Cruise/Acceleration | 12<STP;<18 | 25<vt<50 -
28 Cruise/Acceleration | 18 <STPt<24 | 25<wt<50 -
29 Cruise/Acceleration | 24 <STP;<30 | 25<vt<50 -
30 Cruise/Acceleration 30 < STPt 25<wvt<50 -
33 Cruise/Acceleration STPt< 6 50 <wi -
35 Cruise/Acceleration | 6 <STP:< 12 50 <wvt -
37 Cruise/Acceleration | 12 <STP;< 18 50 <wi -
38 Cruise/Acceleration | 18 <STP:< 24 50 <wvt -
39 Cruise/Acceleration | 24 <STP:< 30 50 <wvt -
40 Cruise/Acceleration 30 < STP¢ 50 <wi -

3.3. DESCRIPTIVE STATISTICS

recorded by each driver, and the recorded emissions data from the PEMS and ECU

11

To quantify common characteristics of each truck, the route sheets and log sheets
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devices on the trucks are used. The route sheets and log sheets recorded by each of the
truck drivers show how much waste was collected, the number of stops made, and the
route distance traveled. The PEMS records the amount of emissions produced while in
route, and the ECU device records the fuel use data. Averages of both the fuel use and
emissions data are calculated based on the OP Mode for each truck. The trucks are
classified by diesel fuel front-loaders, diesel fuel side-loaders, CNG front-loaders, CNG
side-loaders, and diesel fuel roll-offs.

First, the amount of waste per stop is calculated. Both the amount of waste
collected and the number of stops are found in the log sheets and route sheets for each
truck. The waste is recorded in tons, so it is first converted to kilograms (kg), and then
divided by the number of stops per truck. The following is an example of the amount of
waste per stop for front-loader 3204.

Given:

Amount of waste: 10.85 tons

Number of stops: 50

10.86 tonsx907.15 ~L kg

Waste per stop = 50 5tops ton — 197 Stop

[2]

After the waste per stop is calculated for all 24 trucks, the data is then averaged
based on the type of truck and fuel type classification.

The fuel use for each truck is a summation of the averages of the engine fuel rate
in grams per second (g/s) multiplied by the time spent (data size in seconds) in each
operating mode. This value is then converted into gallons. An example calculation for

front-load 3204 is shown in Table 2.



Table 2. Fuel Use Calculation Example

OP Engine Fuel Data Size | Fuel Rate
Mode Use Rate (<) @
(9/s)
0 0.56 89 49.8
1 1.56 8728 13600.1
11 1.70 1973 3354.1
12 4.08 2642 10779.4
13 9.00 583 5247.0
14 12.43 247 3070.2
15 14.97 210 3143.7
16 15.65 222 3474.3
21 1.69 1079 1823.5
22 5.25 500 2625.0
23 7.86 644 5061.8
24 10.98 630 6917.4
25 13.84 681 9425.0
27 15.28 865 13217.2
28 15.04 44 661.8
33 6.46 1493 9644.8
35 13.33 1117 14889.6
37 14.89 359 5345.5
38 13.36 20 267.2
Fuel Use | 4156729
(9)
Given:

13

The engine fuel rate is calculated to be 112672.9 grams. Then the conversion to

gallons is as follows.

The compressed natural gas (CNG) trucks must be converted to a diesel fuel

equivalent in order to make them equal for comparison purposes. To convert the CNG

Fuel use = 1126739 g X 0.0015 X 0.2642gTal = 29.8 gal

[3]
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trucks, the fuel use calculated must be converted to pounds (Ibs.) and then multiplied by a

diesel gallon equivalent. This conversion is shown for front-load 3437C below.

150647.7 g x0.002205 2
sci—— = 51.7 DGE [4]

6.429 b

The calculated fuel use for all 24 trucks is then averaged by the type of truck and
fuel type classifications to show a comparison between all 5 types of trucks.

The fuel economy is the fuel use previously calculated for each truck divided by
the amount of miles traveled while in route. The mileage is found in the route sheets
recorded by the drivers. The equation is shown below for front-load 3204.

Given:

Fuel use: 29.8 gal

Distance traveled: 112.9 mi

112.9mi
29.8 gal 3.8mpg [5]

Fuel economy =

The values calculated for each truck is then averaged by type of truck
classifications to show average fuel economy based on each truck type.

The fuel use and time spent based on idling and driving is calculated from the OP
Modes found for each truck. OP Mode 1 is the truck while idling, and the remainder of
the OP Modes are classified by the trucks while they driving. For each truck, OP Mode 1
is taken out of the fuel use and amount of time spent and is summed together to show
how much time all 24 trucks spend idling. The remainder of the OP Modes are summed

for each truck as well to show how much fuel and time is spent while driving.
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The amount of emissions and fuel use per ton are also calculated. The five
emissions recorded from the PEMS device are averaged for each truck. The amount of
waste collected is found in each truck’s log sheet, and the fuel use is the same value that
was calculated previously. The purpose of this emissions and fuel use per ton is to
quantify how much is emitted based on how much each of the trucks collect while in
route. A sample calculation of front-load 3204’s fuel use and CO2 emissions is shown
below.

Given:

Fuel use: 112673 g

CO. emissions: 355220 g

Woaste Collected: 11 tons

Fuel Use per ton = 129739 — 10375 L [6]
11 tons ton
C0O,emissions per ton = 3552299 — 32709 L [7]
11 tons ton

3.4. REGRESSION ANALYSIS
To show what type of relationship the emissions (CO,, CO, HC, NO,, and PM)
have with five different factors (vehicle year, engine year, vehicle type, fuel type, and
emission controls), a simple statistical analysis is performed. The vehicle year and
engine year range from 2002-2013. The two fuel types are diesel and CNG fuel. The
vehicle types are the three different trucks tested, the front-load, roll-off, and side-load
trucks. The emission controls are devices on the trucks that help to reduce emissions

from the truck in some way. The exhaust gas recirculation (EGR) control helps reduce
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NOx emissions. The diesel particulate filter (DPF) helps remove particulate matter from

the exhaust pipe. The selective catalytic reduction (SCR) is a device that reduces NOx

levels by using ammonia through a catalyst system. Lastly, the 3 way catalytic system

(3-WCC) helps convert NOx, CO, HC, and other hazardous air pollutants and is found in

many natural gas systems. The independent variables are the different factors while the

dependent variables are the various emissions. Table 3 contains the data for analysis.

These values are based on the averages of collected data per truck.

Table 3. Average Emissions Data used for Initial Regression Analysis

Vehicle | Engine | Vehicle | Fuel | Emission | CO2 (6{0] HC NOx PM
Year Year Type Type | Controls | (g/s) | (mg/s) | (mg/s) | (mg/s) | (mg/s)
0 0 0 0 0 16 49 7 114 2.13
0 0 0 0 0 12 68 3 84 1.73
0 0 1 0 0 9 42 17 79 1.73
0 0 1 0 0 8 19 4 62 0.75
0 0 2 0 5 12 85 4 67 2.95
0 0 2 0 5 12 52 6 124 1.45
2 1 0 0 1 14 7 40 52 0.04
2 1 0 0 1 12 7 36 71 0.03
2 2 1 0 2 8 9 4 7 0.07
2 2 1 0 2 8 4 2 13 0.04
2 2 2 0 1 7 1 3 16 0.02
2 2 2 0 3 6 1 4 5 0.01
1 0 0 0 0 16 10 7 106 1.56
1 1 0 0 1 11 25 7 60 0.02
1 0 1 0 0 11 24 4 80 0.98
1 0 1 0 0 10 23 3 78 0.92
1 1 2 0 1 8 4 3 27 0.23
1 1 2 0 1 12 57 5 106 0.64
3 3 0 1 4 9 46 7 2 0.01
3 3 0 1 4 10 81 8 3 0.01
3 3 0 1 4 9 42 11 1 0.01
3 3 2 1 4 7 51 15 2 0.01
3 3 2 1 4 10 99 20 6 0.02
3 3 2 1 4 7 34 7 2 0.01
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Five factors are tested — the vehicle year and engine year of each of the trucks, the
type of truck (front-load, side-load, roll-off), the fuel type (diesel or CNG), and the
emissions controls (EGR, DPF, SCR, 3-WCC). Each of the factors are given dummy
variables in order to perform the regression. Dummy variables are numerical values
assigned to a subgroup of a sample in a study in order to perform a regression analysis
(http://lwww.socialresearchmethods.net/kb/dummyvar.php). The vehicle year and engine
year are grouped by EPA regulations for both diesel and CNG fuel. The dummy
variables are listed in Table 4.

Table 4. Dummy Variables for each Factor Tested
Factor Dummy Variable Description
2002-2006
2007-2009
2010-2012
2012-2013 CNG
Fuel
2002-2006
2007-2009
2010-2012
2012-2013 CNG
Fuel
Front-load
Side-load
Roll-off
Diesel Fuel
CNG Fuel
EGR
EGR, DPF
DPF, SCR
EGR, DPF, SCR
SCR, 3-WCC
None

Vehicle Year

Engine Year

Vehicle Type

Fuel Type

Emission Controls

QNP |WINFPO|FRP|ONFR|IO] W |[INEFPO| W |INPEFk O

First, a correlation test is run in excel to determine what the relationships are
between the independent and dependent variables. The correlations are then used to help
specify which factors are highly correlated to eliminate the models from the regression

analysis. A multiple regression analysis is run for each emission measure, using the
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program Statistix. Vehicle year and engine year are never run in the same models
because they have a 94% correlation, and is too highly correlated. Vehicle year, engine
year and fuel type are also eliminated due to the correlations being greater than 75%.
Equation 8 gives the general form of the regression equations. Equations 9
through 60 are an exhaustive list of all possible regression equations including those with
highly correlated variables. Only those equations without highly correlated variables will
be analyzed, however.
A
co
E~fk HC | [8]
NOx
PM
Where
E = Emission Measure
VY = Vehicle Year
EY = Engine Year
VT = Vehicle Type
FT = Fuel Type

EC = Emission Controls

Models for All Trucks

E~f(VY, EY, VT, FT, EC) [9]
Models with VY
E=a +biVY +bVT + h4EC [10]

E=a +DbiVY +bVT [11]



E=a +DbiVY

E=a +DbiVY
Models with EY

E=a +biEY+bVT
E=a +biEY+bVT
E=a +DbiEY

E=a +biEY

+ b4EC

+ b4EC

+ b4EC

Models without either VY or EY

E=a + boVT+ bsFT + bsEC
E=a + boVT+ bsFT

E=a + boVT + bsEC
E=a + bsFT + b4EC
E=a + boVT

E=a + baFT

E=a + b4EC

Models by Fuel Type

Models for Diesel Trucks only

E~f(VY, EY, VT, EC)
Models with VY

E=a +biVY +DbVT
E=a +DbiVY +DbVT

E=a +bVY

+ b4EC

+ b4EC
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[12]

[13]

[14]
[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]
[27]

[28]



E=a +DbiVY

Models with EY

E=a +biEY +DbVT + hsEC
E=a +DbiEY +boVT

E=a +DbiEY + bsEC
E=a +DbiEY

Models without either VY or EY

E=a + boVT + b4EC
E=a + boVT
E=a + b4EC

Model for CNG Trucks only
E~f(VT)
E=a + boVT

Models by Truck Type

Models for Front-loader Trucks only
E~f(VY, EY, FT, EC)

Models with VY

E=a +biVY + b4sEC
E=a +DbiVY

Models with EY

E=a +DbiEY + bsEC
E=a +DbiEY

Models without either VY or EY
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[29]

[30]
[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]



E=a + bsFT + bsEC
E=a + bsFT
E=a + b4EC

Models for Side-loader Trucks only
E~f(VY, EY, FT, EC)

Models with VY

E=a +DbiVY + b4EC
E=a +biVY

Models with EY

E=a +DbiEY + b4EC
E=a +biEY

Models without either VY or EY

E=a + bsFT + b4sEC
E=a + bsFT
E=a + b4EC

Models for Roll-off Trucks only
E~f(VY, EY, EC)

Models with VY

E=a +DbiVY + bsEC
E=a +biVY

Models with EY

E=a +DbiEY + bsEC

E=a +biEY
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[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]
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Models without either VY or EY

E=a + b4EC [60]

The first analysis is performed on the emissions data averages, Table 3, to show a
basic relationship between the five emissions and five factors. Next, a regression
analysis is performed on the OP Modes. The data sets are grouped by the acceleration
and vehicle speed, OP Mode 0, OP Mode 1, OP Modes 11-16, OP Modes 21-30, and OP
Modes 33-40. The data is shown in Tables 5-9. This analysis is done to show which
speed produces the most emissions based on the five factors.

Table 5. OP Mode 0 Data used for Regression Analysis

CO2 CO HC NOx PM
VI P W I EY TEC T @ | mg | (mg) | (mg) | (mg)
153 1614 346 859 399
91 1172 103 821 74
1648 3747 4609 12237 509
131 2012 1015 1267 4
205 1341 6632 3479 5
189 1548 5507 3275 4

778 27475 | 14949 16874 2114
955 6550 2995 10136 156
1673 13329 2652 19541 433
667 8385 2311 14272 564
1412 22960 | 26901 4436 283
1445 14409 | 14457 6351 153
79 783 168 572 83
226 1536 468 2370 85
390 1088 780 2120 18
1948 11712 3317 21735 229
12 23 77 82 0
73 208 463 91 2
8647 38540 8442 12527 16
3606 11898 | 11342 4034 18
3566 15486 | 16889 4035 15
2337 9950 33553 3327 26
3308 31505 | 34829 7578 39
2071 10590 9781 2299 13

NININOIO|IOININININDININ|IPIFPIRPIPIFPRFPIOOIOI0OO0|O
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Table 6. OP Mode 1 Data used for Regression Analysis
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CO2 CO HC NOx PM
VI IW I EY B @ | mg | mg | (mg | (mg)
0 0 0 0 0 42667 | 302214 | 39765 | 397708 6627
0 0 0 0 0 117240 | 609336 | 36635 | 968644 16720
0 0 1 0 0 80028 | 111379 | 67144 | 1354303 7791
0 0 1 1 1 80086 | 198371 | 53381 | 660296 187
0 0 2 1 1 46009 23383 | 113954 | 199382 166
0 0 2 1 1 101073 | 70319 | 387896 | 776060 274
1 0 0 0 0 33840 | 290418 | 93513 | 548666 7219
1 0 0 0 0 58219 | 235295 | 60010 | 668675 4387
1 0 1 0 0 30590 | 188510 | 30261 | 409857 1794
1 0 1 0 0 39638 | 284569 | 37780 | 594107 2894
1 0 3 3 2 34418 8538 25620 20302 256
1 0 3 3 2 34340 5559 10438 48785 117
2 0 0 0 5 109762 | 575464 | 54128 | 940612 18300
2 0 0 0 5 124845 | 391294 | 83151 | 1529569 | 10118
2 0 1 1 1 39368 19524 15541 182097 488
2 0 1 1 1 127303 | 326412 | 50406 | 2023377 3591
2 0 2 2 1 31807 1611 15436 62486 62
2 0 3 3 3 52138 9259 35621 5207 126
0 1 3 3 4 129186 | 470973 | 73718 32095 123
0 1 3 3 4 08082 | 314965 | 69322 11487 108
0 1 3 3 4 96641 | 290413 | 95098 7791 76
2 1 3 3 4 138271 | 90795 | 172705 | 25099 210
2 1 3 3 4 170551 | 204429 | 177000 57915 263
2 1 3 3 4 131554 | 202628 | 96583 40555 143




Table 7. OP Modes 11-16 Data used for Regression Analysis
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VT FT VY EY EC CO2 | CO (mg) HC NOXx PM
(9) (mg) | (mg) | (mg)

0 0 0 0 0 10464 | 100834 9740 74011 | 3416
0 0 0 0 0 30859 | 336861 | 15164 | 276421 | 9030
0 0 1 0 0 35900 35378 33128 | 294374 | 4849
0 0 1 1 1 23105 93652 30778 | 145168 | 112
0 0 2 1 1 19691 28333 | 178422 | 139556 | 127
0 0 2 1 1 30822 38077 | 202735 | 269761 | 150
1 0 0 0 0 5257 58480 25831 | 85927 | 3465
1 0 0 0 0 4469 29307 7249 51792 697
1 0 1 0 0 5009 31969 5451 54191 791
1 0 1 0 0 5050 40774 5663 74244 | 1128
1 0 3 3 2 5299 14175 16259 6981 244
1 0 3 3 2 4150 4487 3333 6414 40
2 0 0 0 5 28325 | 256692 | 29565 | 205212 | 17940
2 0 0 0 5 20024 99028 19354 | 219527 | 3577
2 0 1 1 1 8801 6165 5225 40845 | 324
2 0 1 1 1 20262 77149 15906 | 148790 | 1334
2 0 2 2 1 3423 1596 4758 22081 21
2 0 3 3 3 10120 4106 11190 | 10400 44
0 1 3 3 4 20086 | 123677 | 18305 | 12646 36
0 1 3 3 4 20521 | 129347 | 25384 | 13625 42
0 1 3 3 4 21864 | 116532 | 42949 7791 34
2 1 3 3 4 6598 33369 43826 5119 29
2 1 3 3 4 11430 82689 52432 | 32094 63
2 1 3 3 4 6788 40347 28021 5552 26
0 0 0 0 0 33315 | 511919 | 14704 | 200449 | 7294
0 0 0 0 0 103232 | 1737026 | 21591 | 677219 | 20671
0 0 1 0 0 53377 38176 28513 | 416339 | 5140
0 0 1 1 1 63634 | 202775 | 32431 | 341636 | 129
0 0 2 1 1 56266 24713 | 159806 | 254091 | 164
0 0 2 1 1 97743 50945 | 251000 | 697886 | 225
1 0 0 0 0 20672 | 144688 | 26321 | 225479 | 5685
1 0 0 0 0 28089 | 126255 | 15382 | 229063 | 2883
1 0 1 0 0 28674 | 147409 | 12961 | 211199 | 3743
1 0 1 0 0 28505 | 144570 | 10901 | 248901 | 3253
1 0 3 3 2 24189 46195 17864 | 27431 222
1 0 3 3 2 18707 21769 5336 27462 68
2 0 0 0 5 88346 | 1711508 | 26791 | 460296 | 29209
2 0 0 0 5 84999 | 1078457 | 32576 | 730083 | 13970
2 0 1 1 1 33944 47736 10063 | 128921 | 675
2 0 1 1 1 65987 | 601060 | 22118 | 529109 | 3800
2 0 2 2 1 10844 1987 6203 40641 38
2 0 3 3 3 27609 4285 14609 | 29079 60
0 1 3 3 4 58754 | 349138 | 40947 9202 64
0 1 3 3 4 64586 | 610331 | 47235 | 15625 78




25

VT FT 2% EY EC CO2 [CcO(mg) | HC NOx | PM
(9) (mg) (mg) | (mg)
0 1 3 3 4 58419 | 332090 | 66372 | 7714 54
2 1 3 3 4 22489 | 432368 | 64382 | 8052 50
2 1 3 3 4 28693 | 335065 | 63132 | 36634 | 67
2 1 3 3 4 36089 | 252008 | 62081 | 9594 51
0 0 0 0 0 16498 | 69775 | 6120 | 85388 | 3042
0 0 0 0 0 62946 | 287192 | 11829 | 368697 | 10174
0 0 1 0 0 41231 | 24434 | 15265 | 202517 | 3989
0 0 1 1 1 31867 | 112826 | 12972 | 135562 | 54
0 0 2 1 1 34853 | 11803 | 64030 | 129716 | 83
0 0 2 1 1 42777 | 17121 | 87722 | 218598 | 74
1 0 0 0 0 12320 | 152928 | 9637 | 88938 | 2688
1 0 0 0 0 15180 | 92423 | 4826 | 96745 | 1974
1 0 1 0 0 19161 | 91982 | 5087 | 102428 | 2447
1 0 1 0 0 21570 | 118914 | 3908 | 148580 | 2715
1 0 3 3 2 12847 | 63223 | 4383 | 11804 | 83
1 0 3 3 2 15084 | 34059 | 2097 | 25605 | 43
2 0 0 0 5 70274 | 382491 | 17676 | 305906 | 16044
2 0 0 0 5 53020 | 140121 | 19919 | 391053 | 7647
2 0 1 1 1 62226 | 26210 | 17183 | 224427 | 1490
2 0 1 1 1 75793 | 512868 | 25121 | 498703 | 4776
2 0 2 2 1 8414 932 4490 | 36631 | 22
2 0 3 3 3 34113 | 2782 | 15764 | 36062 | 60
0 1 3 3 4 37951 | 204586 | 31203 | 3311 42
0 1 3 3 4 40390 | 380232 | 29422 | 5509 44
0 1 3 3 4 42846 | 229258 | 47893 | 2838 39
2 1 3 3 4 20650 | 362006 | 71158 | 5205 41
2 1 3 3 4 29911 591772 68654 24147 57
2 1 3 3 4 29817 | 265251 | 45226 | 2998 38
0 0 0 0 0 9702 9451 3650 | 51855 | 1574
0 0 0 0 0 36861 | 31723 | 6719 | 222107 | 4905
0 0 1 0 0 37019 | 21757 | 12502 | 176555 | 3351
0 0 1 1 1 22080 | 45241 | 8924 | 79500 | 32
0 0 2 1 1 21238 | 5731 | 36012 | 78723 | 29
0 0 2 1 1 24195 | 9092 | 45584 | 107786 | 41
1 0 0 0 0 10255 | 87256 | 6751 | 65421 | 1806
1 0 0 0 0 9422 | 35593 | 2266 | 53380 | 1299
1 0 1 0 0 19412 | 45134 | 4041 | 90624 | 2004
1 0 1 0 0 18631 | 55750 | 3133 | 111300 | 2150
1 0 3 3 2 8051 | 34667 | 2271 | 9564 55
1 0 3 3 2 10026 | 13744 | 1340 | 19164 | 35
2 0 0 0 5 35495 | 64595 | 9348 | 148377 | 7022
2 0 0 0 5 38148 | 49166 | 14644 | 272327 | 5482
2 0 1 1 1 43261 | 10894 | 10097 | 125570 | 1219
2 0 1 1 1 54095 | 194771 | 19330 | 322153 | 3511
2 0 2 2 1 3574 204 1424 | 11621 8
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VT FT 2% EY EC CO2 [CcO(mg) | HC NOx | PM
(9) (mg) (mg) | (mg)
2 0 3 3 3 21566 | 1893 9859 | 20936 | 34
0 1 3 3 4 31787 | 152303 | 28362 | 1741 34
0 1 3 3 4 26469 | 277120 | 20831 | 8631 28
0 1 3 3 4 31055 | 124781 | 33306 | 861 28
2 1 3 3 4 18343 | 254511 | 68374 | 5142 37
2 1 3 3 4 33032 | 527973 | 71660 | 13872 | 58
2 1 3 3 4 9506 | 105798 | 12023 | 632 12
0 0 0 0 0 9941 3798 3356 | 60322 | 1501
0 0 0 0 0 24972 | 12363 | 4109 | 156175 | 3145
0 0 1 0 0 30520 | 16081 | 10310 | 130548 | 2644
0 0 1 1 1 15938 | 24252 | 7629 | 51670 | 25
0 0 2 1 1 11568 | 2356 | 17285 | 39029 | 12
0 0 2 1 1 10508 | 3174 | 19932 | 44693 | 18
1 0 0 0 0 6558 | 34071 | 4147 | 35665 | 1106
1 0 0 0 0 6710 6029 2169 | 37921 | 883
1 0 1 0 0 14041 | 16778 | 2542 | 66699 | 1353
1 0 1 0 0 14907 | 22096 | 2167 | 84406 | 1635
1 0 3 3 2 6068 | 20414 | 1728 | 9557 51
1 0 3 3 2 5814 4998 716 | 13377 | 25
2 0 0 0 5 9676 | 13544 | 2553 | 41021 | 1823
2 0 0 0 5 17077 | 16838 | 5244 | 111450 | 2340
2 0 1 1 1 16455 | 4469 3529 | 43534 | 614
2 0 1 1 1 19550 | 46029 | 6342 | 96162 | 1244
2 0 2 2 1 2094 68 605 4183 6
2 0 3 3 3 9301 938 4464 | 8013 14
0 1 3 3 4 15756 | 69446 | 10826 | 394 15
0 1 3 3 4 16040 | 148964 | 12888 | 9716 18
0 1 3 3 4 14218 | 42607 | 16022 | 248 12
2 1 3 3 4 15261 | 251763 | 43748 | 6511 30
2 1 3 3 4 27445 | 391740 | 51027 | 10086 | 46
2 1 3 3 4 4190 | 62045 | 3893 227 5
0 0 0 0 0 10997 | 2445 2583 | 67815 | 1464
0 0 0 0 0 10992 | 3945 1680 | 68318 | 1348
0 0 1 0 0 42770 | 22060 | 17949 | 180981 | 3837
0 0 1 1 1 7747 9427 4119 | 23952 | 11
0 0 2 1 1 6603 1913 9709 | 19923 6
0 0 2 1 1 7683 3656 | 14600 | 31559 | 10
1 0 0 0 0 5008 | 20090 | 3749 | 27006 | 870
1 0 0 0 0 3368 2764 1037 | 18416 | 405
1 0 1 0 0 5863 4098 1042 | 27666 | 605
1 0 1 0 0 16312 | 11956 | 2088 | 87928 | 1621
1 0 3 3 2 7175 17701 1832 13664 83
1 0 3 3 2 6218 4895 850 | 22496 | 32
2 0 0 0 5 2749 3746 713 | 12075 | 520
2 0 0 0 5 5559 4897 884 | 31438 | 668
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VT FT VY EY EC CO2 [CO(mg) [ HC NOx | PM

(9) (mg) (mg) | (mg)

2 0 1 1 1 6306 1551 1228 | 16851 | 383
2 0 1 1 1 8180 15007 2333 | 34175 | 489
2 0 2 2 1 3600 460 1164 | 6646 7
2 0 3 3 3 7005 650 3210 | 4817 8
0 1 3 3 4 3318 15492 2165 88 3
0 1 3 3 4 6033 | 76210 | 4903 | 3855 7
0 1 3 3 4 4352 12379 | 4737 74 4
2 1 3 3 4 8146 | 148753 | 16305 | 1924 13
2 1 3 3 4 16547 | 258356 | 31381 | 5670 26
2 1 3 3 4 1180 18505 1043 48 1




Table 8. OP Modes 21-30 Data used for Regression Analysis
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CO2 CcO HC NOx PM
VIR VW BY L EC T e | me) | (mg) | (mg) | (mg)
0 0 0 0 0 5741 13010 5599 37616 1458
0 0 0 0 0 6018 48468 4456 78403 2034
0 0 1 0 0 50792 | 44727 | 36869 | 268443 | 8439
0 0 1 1 1 4873 10730 4432 31585 11
0 0 2 1 1 5464 2068 41572 | 35075 92
0 0 2 1 1 4806 3687 47031 | 42858 26
1 0 0 0 0 4268 36907 | 23484 | 59248 3143
1 0 0 0 0 3679 27702 7171 41544 985
1 0 1 0 0 6930 31597 6689 84956 1208
1 0 1 0 0 7874 23906 5147 102257 | 1444
1 0 3 3 2 2834 3023 6724 5906 54
1 0 3 3 2 2326 813 936 4946 12
2 0 0 0 5 8518 86476 5174 56759 3748
2 0 0 0 5 7183 30149 4838 101396 929
2 0 1 1 1 1750 1061 1625 10180 41
2 0 1 1 1 1245 5150 1021 7691 43
2 0 2 2 1 2987 192 2349 7781 8
2 0 3 3 3 2763 752 3364 1924 8
0 1 3 3 4 7035 48205 | 13244 8662 17
0 1 3 3 4 5104 42110 13117 3472 18
0 1 3 3 4 3865 39708 | 16995 1470 13
2 1 3 3 4 3062 55932 | 25137 1434 19
2 1 3 3 4 3147 29531 | 43228 | 10640 29
2 1 3 3 4 2273 16391 3452 1436 10
0 0 0 0 0 8288 12280 3681 49746 860
0 0 0 0 0 7620 51201 1967 61999 1419
0 0 1 0 0 13095 | 10845 7251 67616 2088
0 0 1 1 1 7569 9933 4876 49891 12
0 0 2 1 1 5395 1636 17889 | 20205 19
0 0 2 1 1 7738 3315 31830 | 48562 20
1 0 0 0 0 4872 14368 5308 40700 865
1 0 0 0 0 7360 13049 3684 43777 797
1 0 1 0 0 18375 | 35389 5602 137825 | 1771
1 0 1 0 0 9120 10850 1844 71312 873
1 0 3 3 2 5558 3869 3149 7703 38
1 0 3 3 2 5357 987 1126 9947 18
2 0 0 0 5 14197 | 133386 | 4099 78543 3880
2 0 0 0 5 12906 | 29050 4295 145437 | 1333
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CcOo2 CO HC NOXx PM
VIR VYW BV L EC g | me) | (o) | (mg) | (mg)
2 0 1 1 1 2789 962 951 10159 38
2 0 1 1 1 2509 5334 940 14616 67
2 0 2 2 1 3573 101 1526 8396 7
2 0 3 3 3 4314 659 3310 2945 8
0 1 3 3 4 10651 | 76421 | 10436 6271 17
0 1 3 3 4 9381 82117 9477 3258 11
0 1 3 3 4 5323 33758 7551 835 6
2 1 3 3 4 2394 36518 6759 263 5
2 1 3 3 4 3397 38975 | 12828 5541 10
2 1 3 3 4 2947 18414 2288 482 5
0 0 0 0 0 16002 | 12784 5989 97787 1314
0 0 0 0 0 14665 | 80174 2661 | 112512 | 1900
0 0 1 0 0 17966 | 11125 7685 88097 2444
0 0 1 1 1 13313 | 16593 7385 81285 17
0 0 2 1 1 8045 4061 27755 | 31137 21
0 0 2 1 1 12742 5320 37703 | 82872 30
1 0 0 0 0 9919 25241 7108 66234 1293
1 0 0 0 0 12911 | 38183 3859 70218 1240
1 0 1 0 0 34940 | 49715 7735 | 224708 | 2827
1 0 1 0 0 14524 | 11776 2397 96421 1145
1 0 3 3 2 10485 | 13392 3810 13402 50
1 0 3 3 2 9474 2549 1257 13459 27
2 0 0 0 5 22393 | 156449 | 4729 118422 | 4893
2 0 0 0 5 19250 | 48026 5066 | 218438 | 2012
2 0 1 1 1 7132 1823 2024 22611 163
2 0 1 1 1 4108 9405 1397 24420 97
2 0 2 2 1 5920 11 2070 11853 10
2 0 3 3 3 6282 766 4099 5067 10
0 1 3 3 4 20566 | 136390 | 16622 3660 24
0 1 3 3 4 19730 | 168159 | 14622 3701 19
0 1 3 3 4 9423 45929 | 10745 982 9
2 1 3 3 4 4076 45945 | 11394 572 8
2 1 3 3 4 4892 83126 | 15397 5564 10
2 1 3 3 4 4667 30409 2710 500 6
0 0 0 0 0 21874 9970 7847 140987 | 1682
0 0 0 0 0 20220 | 52291 3244 | 152159 | 1900
0 0 1 0 0 21152 | 11878 8993 95383 2325
0 0 1 1 1 22413 | 23983 | 10381 | 113152 28
0 0 2 1 1 10575 1330 19213 | 36626 18




30

CcOo2 CO HC NOXx PM
VIR VYW BV L EC g | me) | (o) | (mg) | (mg)
0 0 2 1 1 15949 6411 38402 | 106121 32
1 0 0 0 0 11491 | 20757 9260 76168 1530
1 0 0 0 0 14365 | 14854 3917 72080 1357
1 0 1 0 0 46316 | 44165 8481 | 289524 | 3419
1 0 1 0 0 18197 | 13234 2394 | 113060 | 1466
1 0 3 3 2 11898 | 10631 3443 13537 56
1 0 3 3 2 11693 2799 1456 16687 35
2 0 0 0 5 21283 | 84954 4364 | 102261 | 3671
2 0 0 0 5 18035 | 41356 4756 | 191973 | 1730
2 0 1 1 1 13369 2336 2970 38868 374
2 0 1 1 1 5757 14892 1485 32031 156
2 0 2 2 1 6788 11 1842 13551 10
2 0 3 3 3 8431 857 4545 7218 11
0 1 3 3 4 26273 | 150121 | 21106 1780 27
0 1 3 3 4 29112 | 234802 | 20169 3018 28
0 1 3 3 4 17550 | 68415 | 16417 420 15
2 1 3 3 4 4882 72656 | 12453 338 9
2 1 3 3 4 8570 | 141432 | 21395 4069 14
2 1 3 3 4 6371 64434 3938 439 8
0 0 0 0 0 29822 8080 9377 | 213505 | 2424
0 0 0 0 0 25910 | 17744 4299 195738 | 2208
0 0 1 0 0 28475 | 14080 9822 | 131848 | 2785
0 0 1 1 1 31255 | 36971 | 14590 | 139991 41
0 0 2 1 1 12353 2372 21166 | 44370 16
0 0 2 1 1 17176 3763 32476 | 112297 30
1 0 0 0 0 13449 | 19981 7895 80000 1658
1 0 0 0 0 18373 | 13253 4774 | 100844 | 1921
1 0 1 0 0 52968 | 39812 9442 | 312985 | 4111
1 0 1 0 0 25516 | 11819 3015 152651 | 2051
1 0 3 3 2 13451 | 18544 3562 21962 64
1 0 3 3 2 10253 1777 1157 23478 32
2 0 0 0 5 12199 | 23126 3696 55857 2029
2 0 0 0 5 16265 | 18556 4148 | 161068 | 1488
2 0 1 1 1 16207 3496 4033 42079 592
2 0 1 1 1 7064 15665 1999 36355 234
2 0 2 2 1 6675 59 1657 12532 10
2 0 3 3 3 6819 613 3821 4651 8
0 1 3 3 4 18820 | 87289 | 12315 544 19
0 1 3 3 4 24956 | 259646 | 17349 7212 35
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CcOo2 CO HC NOXx PM
VIR VYW BV L EC g | me) | (o) | (mg) | (mg)
0 1 3 3 4 16815 | 54479 | 17632 176 16
2 1 3 3 4 9404 | 106639 | 21502 179 16
2 1 3 3 4 12865 | 195413 | 36467 2616 19
2 1 3 3 4 5207 57162 3172 157 7
0 0 0 0 0 41845 5392 10253 | 311331 | 3644
0 0 0 0 0 22332 | 10228 3364 | 162577 | 2005
0 0 1 0 0 52131 | 26956 | 16785 | 229072 | 4812
0 0 1 1 1 26737 | 29454 | 13946 | 110434 36
0 0 2 1 1 14953 4076 24221 | 49341 13
0 0 2 1 1 20017 5642 38532 | 116359 41
1 0 0 0 0 16058 | 41195 | 11736 | 91820 2085
1 0 0 0 0 20837 | 18047 5564 | 114221 | 2393
1 0 1 0 0 41081 | 29291 7493 | 220657 | 3504
1 0 1 0 0 48764 | 19436 4855 | 293425 | 4128
1 0 3 3 2 23627 | 15997 6152 47804 202
1 0 3 3 2 23639 7020 2524 64440 107
2 0 0 0 5 1477 9374 1471 33520 1096
2 0 0 0 5 9589 8797 1786 75046 899
2 0 1 1 1 15074 4646 4604 35475 1014
2 0 1 1 1 6971 10436 1753 32037 260
2 0 2 2 1 7103 172 2067 13637 12
2 0 3 3 3 12345 887 6446 6886 14
0 1 3 3 4 8067 31045 5577 340 7
0 1 3 3 4 13357 | 230619 | 10109 6812 18
0 1 3 3 4 11079 | 36326 9443 136 10
2 1 3 3 4 15488 | 226451 | 30060 346 24
2 1 3 3 4 16149 | 225168 | 33609 1985 25
2 1 3 3 4 2208 25011 1938 79 3
0 0 0 0 0 2095 543 362 16080 178
0 0 0 0 0 353 88 65 2795 35
0 0 1 0 0 27983 | 11285 8673 | 127303 | 2410
0 0 1 1 1 2147 2044 1066 7634 2
0 0 2 1 1 5750 3282 7914 18249 5
0 0 2 1 1 5340 540 10273 | 28084 7
1 0 0 0 0 3954 11934 3112 23104 516
1 0 1 0 0 1141 796 210 6478 98
1 0 1 0 0 16227 6126 1573 96579 1466
1 0 3 3 2 10585 6274 3007 27232 117
1 0 3 3 2 5484 738 570 16306 29
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CcOo2 CO HC NOXx PM

VIR VYW BV L EC g | me) | (o) | (mg) | (mg)
2 0 0 0 5 675 701 102 3856 66
2 0 1 1 1 418 181 134 892 33
2 0 1 1 1 470 1071 107 1944 18
2 0 2 2 1 200 0 71 225 0
2 0 3 3 3 2018 284 1263 1144 3
0 1 3 3 4 354 1431 308 2 0
0 1 3 3 4 572 10626 385 764 1
0 1 3 3 4 823 2748 548 5 1
2 1 3 3 4 1642 31777 3144 61 2
2 1 3 3 4 1904 22619 3668 139 3

0 0 1 0 0 9774 3860 3963 41902 944
0 0 2 1 1 1651 0 2460 5060 1
1 0 0 0 0 351 1545 464 2232 58

1 0 1 0 0 1491 466 135 9671 144
1 0 3 3 2 960 922 292 3352 6
1 0 3 3 2 198 0 9 2047 0
2 0 2 2 1 198 0 63 225 0
2 0 3 3 3 63 32 99 30 0




Table 9. OP Modes 33-40 Data used for Regression Analysis
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CO2 CcO HC NOx PM
VI IWIE TRl @ | mg | (mg | (mg | (mg)
0 0 1 0 0 12302 4516 4048 56548 1119
0 0 2 1 1 162 109 347 471 0.2
0 0 0 0 0 30480 | 16580 | 14320 | 208721 | 2400
0 0 0 0 0 27630 | 20755 7811 | 179187 | 1995
0 0 1 0 0 46155 | 17138 | 17474 | 277767 | 4878
0 0 1 1 1 7045 7748 4933 21027 13
0 0 2 1 1 28002 | 22297 | 80826 | 53983 43
0 0 2 1 1 28613 | 20228 | 78182 | 59457 46
1 0 0 0 0 32046 | 75553 | 99317 | 226084 | 5238
1 0 0 0 0 41577 | 51729 | 22034 | 283576 | 3770
1 0 1 0 0 27241 | 33259 | 11893 | 179186 | 2104
1 0 1 0 0 19189 | 10738 3024 | 146167 | 1491
1 0 3 3 2 28300 1904 7538 4291 122
1 0 3 3 2 28546 4100 3301 20128 113
2 0 0 0 5 6304 3953 1302 28635 685
2 0 0 0 5 11869 3656 4683 | 198921 783
2 0 1 1 1 4895 1409 2910 12299 81
2 0 1 1 1 12085 | 45950 3731 28972 617
2 0 2 2 1 10897 14 8211 17888 22
2 0 3 3 3 170 174 262 117 0.4
0 1 3 3 4 1432 13353 2307 406 7
0 1 3 3 4 4075 37294 3891 319 5
0 1 3 3 4 4477 43284 5232 996 6
2 1 3 3 4 1246 11964 3948 35 4
2 1 3 3 4 7057 | 113461 | 13501 6978 16
2 1 3 3 4 762 4437 213 47 1
0 0 0 0 0 47109 9384 15694 | 365854 | 3042
0 0 0 0 0 36193 | 13375 6923 | 231362 | 2010
0 0 1 0 0 33244 9976 9968 | 185804 | 2774
0 0 1 1 1 13754 | 10380 5664 35656 16
0 0 2 1 1 27602 | 15833 | 53297 | 49605 31
0 0 2 1 1 22895 9233 43851 | 46684 26
1 0 0 0 0 48182 | 55862 | 89492 | 289553 | 4649
1 0 0 0 0 53506 | 13706 | 12359 | 317212 | 3500
1 0 1 0 0 54400 | 35774 | 14458 | 350612 | 3251
1 0 1 0 0 27107 7796 2524 169124 1754
1 0 3 3 2 31208 1092 7002 7026 184
1 0 3 3 2 40311 2979 3701 44228 183
2 0 0 0 5 7056 3534 1166 32714 636
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CcOo2 CO HC NOXx PM
VI PRI YW T EY T E T @ | mg | (mg) | (mg) | (mg)
2 0 0 0 5 22162 2948 5612 | 315004 | 1303
2 0 1 1 1 10739 4909 4673 21465 549
2 0 1 1 1 21530 | 93074 5037 43921 1326
2 0 2 2 1 12715 0 7010 16287 21
2 0 3 3 3 351 119 349 134 1
0 1 3 3 4 3603 26053 3904 230 7
0 1 3 3 4 4341 62610 3406 1129 5
0 1 3 3 4 11228 | 75017 8046 701 11
2 1 3 3 4 1116 9063 2328 1 2
2 1 3 3 4 10030 | 212329 | 11844 6203 15
2 1 3 3 4 470 2363 105 9 1
0 0 0 0 0 16923 2667 3419 140448 | 1141
0 0 0 0 0 20727 8241 3500 137448 | 1182
0 0 1 0 0 30752 7946 6924 | 176639 | 2432
0 0 1 1 1 5774 3722 2266 17162 7
0 0 2 1 1 23968 | 12099 | 43269 | 43692 23
0 0 2 1 1 18107 9689 39797 | 41079 22
1 0 0 0 0 25804 | 38135 | 40267 | 168353 | 2437
1 0 0 0 0 26501 6652 6649 164664 | 1782
1 0 1 0 0 19907 | 11507 4280 | 136746 | 1256
1 0 1 0 0 20531 5124 1797 133426 | 1343
1 0 3 3 2 22840 869 5317 5677 155
1 0 3 3 2 24508 2285 2317 30777 145
2 0 0 0 5 1678 1020 290 8080 139
2 0 0 0 5 4955 862 1224 61937 324
2 0 1 1 1 3665 417 1733 7529 113
2 0 1 1 1 12186 | 56267 2579 31912 632
2 0 2 2 1 5065 0 1827 4923 9
2 0 3 3 3 186 311 325 206 0.3
0 1 3 3 4 2229 17017 2022 51 5
0 1 3 3 4 844 8009 532 346 1
0 1 3 3 4 3359 15630 2261 42 3
2 1 3 3 4 3821 72594 5493 1418 5
0 0 0 0 0 846 172 177 6801 62
0 0 0 0 0 2458 1010 356 17147 149
0 0 1 0 0 17352 3787 3662 97624 1337
0 0 1 1 1 372 320 170 1108 0.4
0 0 2 1 1 8010 3527 14111 15720 7
0 0 2 1 1 6108 2825 9979 12745 6
1 0 0 0 0 5166 9908 5468 33020 504
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CcOo2 CO HC NOXx PM
VI PRI YW T EY T E T @ | mg | (mg) | (mg) | (mg)
1 0 0 0 0 2638 1104 602 19674 156
1 0 1 0 0 496 210 122 3765 28
1 0 1 0 0 7302 2175 509 53086 482
1 0 3 3 2 4972 476 1352 1843 30
1 0 3 3 2 4427 313 423 4818 36
2 0 1 1 1 390 0 247 673 4
2 0 1 1 1 2798 8458 483 8306 131
2 0 3 3 3 154 275 323 206 0.3
0 1 3 3 4 101 1238 74 0 0.1
0 1 3 3 4 127 417 125 32 0.3
0 1 3 3 4 436 3089 189 4 04
2 1 3 3 4 498 10292 651 108 1
0 0 1 0 0 5798 1062 1150 29871 444
0 0 2 1 1 2635 149 4983 5823 2
0 0 2 1 1 2200 0 2918 4919 3
1 0 0 0 0 243 560 349 2001 25
1 0 1 0 0 1448 467 48 10800 99
1 0 3 3 2 1260 920 309 316 11
1 0 3 3 2 595 0 52 671 2
2 0 1 1 1 684 665 138 2293 36
0 1 3 3 4 68 212 37 0 0.1
0 0 1 0 0 4905 364 1314 29917 398
0 0 2 1 1 696 111 1300 1416 1
1 0 0 0 0 77 255 53 668 7
1 0 1 0 0 305 152 20 2192 25
1 0 3 3 2 82 359 6 11 0.5

Last but not least, a regression analysis is done on the road grade of the routes

traveled, and is categorized by a slope less than 0, between 0 and 3, and greater than 3.

The data used for the regression is shown in Tables 10-12. This will show the

relationship between the route characteristics and the emissions produced in relation the

five factors.
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PM
(mg/s)

NOx
(mgls)

100
68
98
53
49

63
56

110
24
96
17

69

68
57
58

HC
(mg/s)

43

35

10

15

16
18

co
(mg/s)
44

66
10
23

82
49

55

39

38
61
43

24
60
36

21

20
19

Co2
(9/s)

14

14

13
10

10

11

EC

FT

VT

EY

Table 10. Data used for Road Grade <0 Regression Analysis

VY
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PM
(mg/s)

NOx
(mgfs)

135
94
113
65
53
72
70
152
28

109
19

79
16
93
87
64

HC
(mg/s)

37

34

10

18

19
15

co
(mg/s)

55
72
11
26

95
60

62

49

40

85
69

35
99
41

26
24
19

co2
(9/s)

19
13
17
12
15
12
12
15

13

10

10

10

10
14
11

Table 11. Data used for Road Grade between 0 and 3 Regression Analysis

EC

FT

VT

EY

VY
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Table 12. Data used for Road Grade >3 Regression Analysis

CO2 CcO HC NOx PM
VWL EY VT LT B T (@) | (mgs) | (mss) | (mgss) | (mghs)
0 0 0 0 0 14 48 6 100 2
0 0 0 0 0 15 65 3 104 2
1 0 0 0 0 20 12 9 123 2
1 1 0 0 1 15 28 8 72 0
2 1 0 0 1 16 6 35 58 0
2 1 0 0 1 14 7 36 82 0
0 0 2 0 5 12 70 4 68 3
0 0 2 0 5 12 44 5 111 1
1 1 2 0 1 12 5 3 37 0
1 1 2 0 1 13 54 5 116 1
2 2 2 0 1 7 0 3 15 0
2 2 2 0 3 7 1 4 5 0
3 3 0 1 4 10 48 7 2 0
3 3 0 1 4 14 61 16 1 0
3 3 0 1 4 11 93 8 3 0
3 3 2 1 4 9 95 21 2 0
3 3 2 1 4 7 36 7 2 0
3 3 2 1 4 12 129 22 6 0
0 0 1 0 0 26 101 24 167 4
2 2 1 0 2 9 6 2 18 0
1 2 1 0 0 12 24 4 76 1
1 0 1 0 0 17 33 3 115 2
0 0 1 0 0 12 26 5 83 1
2 2 1 0 2 17 24 6 24 0

The results that are relevant in this study include the p statistic of the model, the p
statistics of each factor in the equations, the coefficient of each factor, and the R? and
adjusted R? values. The p statistic of the model determines whether or not the model is
“good”. A p statistic of <0.05 depicts a relevant model as a whole. The same goes for
the p statistic for each factor in the different equations. Only the values < 0.05 are
significant to the emission. The coefficients of the factors introduce the equation of the

line for the model. R:zand adjusted R- signify the amount of variability between the
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emission and the factors being tested. The higher the R? value, the greater the chance
that the factors being tested can be explained by the model.

All of these sections discussed are integral to determining what affects the five air
emissions measured. The data aggregation categorizes the data in order to perform the
analysis. The descriptive statistics show a comparison between the five types of trucks,
and the regression analysis will show what factors produce the most significant amount
of emissions in different truck operating conditions. The following are the results from

each of the analyses performed on the data sets.
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CHAPTER 4. RESULTS

The results summarize the descriptive statistics of the trucks and the multiple
regression analysis. The descriptive statistics results will include the amount of waste
collected, the fuel use, fuel economy, the fuel use and time spent while idling and
driving, and the emissions and fuel use per amount of waste collected. These values are
all averaged based on the type of truck and the type of fuel. The multiple regression
analysis will show which factors are significant producers of the five emissions. The
multiple regression was performed based on the truck emission averages, the five speeds
of the trucks while in route, and the road grade. The following data will show the
characteristics of the five truck types and also what various driving conditions affect the
emissions produced in a noteworthy measure.

4.1. DESCRIPTIVE STATISTICS

Table 13 shows the results from the calculations of the amount of waste per stop
for each of the twenty-four trucks. Figure 4 is a summary of the averages of the waste
collected based on the five types of trucks. The roll-off trucks collect large amounts of
waste with few stops, so the average is exceptionally large in comparison to the

remaining four types of trucks.



Table 13. Total Amount of Waste Collected Per Truck in kg/stop

Truck Truck Avr\l;g)sl:(r;t No. Amount
Type No. (ka) Stops | Waste(kg/stop)
Front load | 3204 9852 50 197
Frontload | 3237 38002 142 268
Front load | 3318 27243 89 306
Frontload | 3337 30164 109 277
Frontload | 3417 15204 75 203
Front load | 3418 27787 125 222
Frontload | 3437C 33176 121 274
Front load | 3440C 22934 96 239
Frontload | 3442C 39326 106 371
Side load | 10266C 7049 489 14
Side load | 10267C 7693 528 15
Side load | 10271C 10678 736 15
Roll off 2441 18089 7 2584
Roll off 2413 28440 10 2844
Roll off 2338 47337 7 6762
Roll off 2339 23805 13 1831
Roll off 2442 11240 7 1606
Roll off 2412 21183 11 1926
Side load 1636 1424 299 5
Side load 1637 8700 428 20
Side load 1947 4218 580 7
Side load 1945 16620 669 25
Side load | 10046 11149 239 47
Side load | 10188 2658 454 6

41
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Quantity Waste Collected
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Figure 4. Graph of Average and Standard Deviation of Waste Collected per Truck

The average fuel use calculations are shown in Table 14. The CNG fuel trucks
are in diesel fuel gallon equivalents. A summary of the averages based on the type of
truck is shown in Figure 5. The largest fuel use is in the front-load CNG vehicle. Roll-
off trucks have the least amount because they make the least amount of stops while in
route. The front-load trucks, both diesel and CNG fuel, have the highest fuel use rates in

comparison to the other trucks.



Table 14. Fuel Use in Gallons/Diesel Gallon Equivalents per Truck

Type Truck Tliluoc.k Ftégglu)se
Front load 3204 29.8
Front load 3237 48.1
Front load 3318 58.0
Front load 3337 31.8
Front load 3417 29.6
Front load 3418 40.1
Frontload | 3437C 51.7
Frontload | 3440C 49.3
Frontload | 3442C 45.1
Side load | 10266C 33.2
Side load | 10267C 50.5
Side load | 10271C 31.3

Roll off 2441 22.8
Roll off 2413 21.9
Roll off 2338 35.9
Roll off 2339 30.4
Roll off 2442 275
Roll off 2412 22.4
Side load 1636 37.7
Side load 1637 39.2
Side load 1947 24.0
Side load 1945 37.9
Side load 10046 10.5
Side load 10188 17.2

43



60
50 T
40 T
= 30 T T
)
3
2 20
>
L
D
2 10
g
< 0
Frontload Sideload
Frontload Sideload Rolloff CNG CNG
(DGE) (DGE)
m Average Fuel Use (gal) 39.6 21.7 26.8 48.7 38.3
Type of Truck

Figure 5. Average and Standard Deviation of Fuel Use per Type of Truck

The average diesel fuel economy calculations based on each truck is found in
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Table 15. The average fuel economy based on the type of truck is found in Figure 6. The

CNG trucks have the lowest fuel economy in comparison to the diesel fuel trucks.



Table 15. Average Diesel Fuel Economy in Miles per Gallon

Distance Fuel

.ITXET( Tliluoc.k FU(SL:J)SG Travgled Eco_nomy

(mi) (mi/gal)
Front load 3204 29.8 113 3.8
Front load 3237 48.1 157 3.3
Front load 3318 58.0 176 3.0
Front load 3337 31.8 128 4.0
Front load 3417 29.6 9 3.2
Front load 3418 40.1 112 2.8
Front load | 3437C 51.7 113 2.2
Frontload | 3440C 49.3 120 2.4
Frontload | 3442C 45.1 91 2.0
Side load | 10266C 33.2 48 15
Side load | 10267C 50.5 82 1.6
Side load | 10271C 31.3 39 1.2
Roll off 2441 22.8 123 5.4
Roll off 2413 21.9 135 6.2
Roll off 2338 35.9 169 4.7
Roll off 2339 30.4 140 4.6
Roll off 2442 27.5 138 5.0
Roll off 2412 22.4 164 7.3
Side load 1636 37.7 114 3.0
Side load 1637 39.2 94 2.4
Side load 1947 24.0 93 3.9
Side load 1945 37.9 88 2.3
Side load 10046 10.5 82 7.8
Side load 10188 17.2 83 4.8
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Figure 6. Average and Standard Deviation of Diesel Fuel Economy in Miles per

Gallon per Type of Truck

Table 16 shows the total fuel use spent idling and driving based on each truck.
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Figure 7 is a summation of the total fuel use spent idling and driving. The total fuel used

in all of the trucks is around 611 gallons. The largest fuel use while idling is in both

types of side-load trucks, which means that there is a lot of time spent idle while in route.

The largest fuel use while driving is in the diesel fueled trucks.



Table 16. Total Fuel Use Driving and Idling

Fuel Fuel Use

Type Truck Truck U_se Driving

No. Idling (gal)
(gal)

Front load 3204 3.6 26.2
Front load 3237 9.9 38.2
Front load 3318 6.7 51.3
Front load 3337 6.7 25.1
Front load 3417 3.9 25.7
Front load 3418 8.5 31.6
Front load 3437C 111 40.6
Front load 3440C 7.4 41.9
Front load 3442C 8.8 36.3
Side load 10266C 11.7 215
Side load 10267C 155 35.1
Side load 10271C 12.3 18.9
Roll off 2441 2.9 20.0
Roll off 2413 2.9 19.1
Roll off 2338 2.6 33.3
Roll off 2339 3.4 27.0
Roll off 2442 4.9 22.6
Roll off 2412 2.9 19.5
Side load 1636 9.2 28.4
Side load 1637 10.5 28.8
Side load 1947 3.3 20.7
Side load 1945 10.7 27.2
Side load 10046 2.7 7.9
Side load 10188 4.4 12.8
Total 151.0 615.0
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Total Fuel Used

M Fuel Use Idling (gal)
M Fuel Use Driving (gal)

Total Fuel Used: 610.9 gal

Figure 7. Sum of the Total Fuel Used Idling and Driving in Gallons in all the Truck
Routes

The time spent idling and driving per truck is shown in Table 17. Figure 8 isa
summation of the amount of time spent idling and driving for all of the trucks. The total
time spent while in route is around 183 hours. The time spent idling and driving are
almost equivalent. This shows that within a route there are equal amounts of time spent

collecting waste or sitting at a stoplight as driving to the next location.



Table 17. Total Time Spent Idling and Driving for each truck

Type Truck Tliluoc.k Time Idling (s) | Time Driving (s)
Front load 3204 8728 13399
Front load 3237 23452 25161
Front load 3318 18654 24708
Front load 3337 15986 17569
Front load 3417 9594 15092
Front load 3418 19057 21828
Front load | 3437C 23081 22327
Front load 3440C 17209 23093
Front load 3442C 18141 20565
Side load | 10266C 26963 10461
Side load | 10267C 24944 16573
Side load | 10271C 27764 11045

Roll off 2441 12524 14216
Roll off 2413 14251 15517
Roll off 2338 15458 19411
Roll off 2339 16236 18303
Roll off 2442 19458 16713
Roll off 2412 13945 19360
Side load 1636 19406 22020
Side load 1637 20656 17508
Side load 1947 17722 17970
Side load 1945 19213 18184
Side load 10046 10202 6525
Side load 10188 23647 14503
Total 436291 422051
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Time Used

B Time Idling (s)

M Time Driving (s)

Total Time: 182 hrs 28 minutes

Figure 8. Sum of the Time Used Idling and Driving in all the Truck Routes

Table 18 shows the total amount of emissions and fuel use per ton for each of the
24 trucks. Figure 9 shows the averages of the emissions and fuel used per waste
collected. Particulate matter (PM) has the lowest values of mg/ton in majority of the
trucks, which shows that it is the emission that is produced the least out of all five of the
emissions. The side-load trucks produce a lot more CO and NOx emissions than the rest

of the trucks.



Table 18. Total Emissions and Fuel Use per Ton

Type Truck # Fuel CO; CO HC NOx PM
(g/ton) (g/ton) (g/ton) (mg/ton) (mgf/ton) | (mg/ton)
Front load 3204 10388 32709 99235 14433 232460 4344
Front load 3237 4371 13714 79091 3267 97076 2007
Front load 3318 7111 22470 15116 10770 153507 2256
Front load 3337 3526 11110 25615 6972 60387 24
Front load 3417 6663 20916 11043 58646 77305 54
Front load 3418 5044 15820 9227 47962 94167 37
Roll off 2441 3960 12388 56001 22719 106556 2321
Roll off 2442 7639 24076 55590 12851 181293 2195
Roll off 2338 2430 7667 15833 2592 53126 658
Roll off 2339 4124 13005 30606 3659 102774 1214
Roll off 2412 3440 10859 12281 6129 10626 96
Roll off 2413 2352 7439 3600 1663 11877 35
Side load 1636 99572 311578 2239874 | 115352 1762999 77719
Side load 1637 15491 48686 205844 22300 494476 5788
Side load 1947 19331 61136 30185 19334 205100 1742
Side load 1945 8079 25382 116928 9593 217023 1314
Side load 10046 2807 8876 689 4736 21523 21
Side load 10188 26745 84547 12944 53746 60383 170
Front load 3437C 4325 11427 57645 8650 2657 13
Front load 3440C 5977 15812 129411 12914 4283 20
Front load 3442C 3099 8383 37276 9816 866 8
Side load | 10266C | 11359 33411 244001 73692 7872 63
Sideload | 10267C | 18867 48874 485602 97623 29920 97
Side load | 10271C 8249 21725 110859 24539 5569 30
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Emissions and Fuel per Waste Collected
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m CO2 (g/ton) 19457 90034 12572 11874 34670
m CO (g/ton) 39888 434411 28985 74777 280154
B HC (mg/ton) 23675 37510 8269 10460 65285
B NOx (mg/ton)| 119150 460251 77709 2602 14453
= PM (mg/ton) 1454 14459 1087 14 63

Figure 9. Emissions and Fuel per Waste Collected per Truck

All of these sections discussed are integral to determining what affects the five air
emissions measured. The data aggregation categorizes the data in order to perform the
analysis. The descriptive statistics show a comparison between the five types of trucks,
and the regression analysis will show what factors produce the most significant amount
of emissions in different truck operating conditions. The following are the results from
each of the analysis performed on the data sets.

4.2. REGRESSION ANALYSIS

The following table depicts the results from the correlation analysis. The
correlation analysis will show whether two variables are linearly related, and the higher
the correlation, the least likely that they should be included in the same regression

models. The numerical relationships between each of the variables are described below
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in Table 19. The independent variables are the various factors, vehicle year, engine year,
vehicle type, fuel type, and emissions controls. The dependent variables are the
emissions, CO», CO, HC, NOx, and PM.

Table 19. Results from the Correlation Analysis

[<5]
x| &x| 8g| & 83 ST 0% 0¥ 58 |s%
=3 | 28| 5| E 2 g 2lo02|2|S? g
S > c > o = = (OIS e e Z £ o g
¥:2'r°'e 1.00 | 094 | 000 | 077 | 051 | -0.46 | 0.00 | 028 | -0.83 | -0.81

Egg'r”e 094 | 100 | 012 |08 | 062 | -058 | 013 | 0.0 | -0.89 | -0.76

\T/SBLC'E 000 | 012 | 1200 |000| 035 |-050| 008 | -029 | -0.16 | -0.01

Fuel 077 | 082 | 000 | 1.00 | 066 | -032 | 049 | 012 | -064 | -0.43
Type

Emission | o, | 562 | 035 | 066 | 100 | -031 | 048 | -001 | -050 | -0.18
Controls

az)z 046 | 058 | -050 |-032| -031 | 1.00 | 022 | 028 | 077 | 056
co 000 | 013 | 008 | 049 | 048 | 022 | 1.00 | -0.04 | 006 | 036
(mg/s)

nl 028 | 010 | -029 | 012 | -001 | 028 | -0.04 | 1.00 | -0.02 | -0.24
(mg/s)

Lk 083 | 089 | -016 |-064| -050 | 077 | 0.06 | -0.02 | 1.00 | 0.72
(mg/s)

b 081 | 076 | 001 |-043| -018 | 056 | 0.36 | -0.24 | 0.72 | 1.00
(mg/s)

independent variables
dependent variables

Independent Variables

It is shown that vehicle year and engine year have a 94% correlation. This is very
high, and is presumably because both vehicle year and engine year are classified by the
same EPA standards, and typically the vehicle year and engine year are the same unless a
truck engine has been replaced. Due to their correlation, vehicle year and engine year
“will not run in the same regression models simultaneously. Vehicle year and vehicle

type have no correlation because the vehicle year is not dependent on the different trucks.
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There are twenty-four different types of trucks with a range of years between 2002 and
2013. Vehicle year and fuel type have a correlation of 77%, which is considered high.
This is valid because majority of the newer vehicle years are CNG fuel, while the older
vehicles are diesel fuel. Vehicle year and emission controls have a correlation of 51%.
There are some emission controls that are grouped by the year, but this relationship is
inconclusive and needs to be further investigated.

Engine year and vehicle type have a low correlation of 12%. Much like the
vehicle year, the engine year is not dependent on the type of vehicle since there are three
types of vehicles with a range of engine years. Engine year and fuel type have a high
correlation of 82%, and again like vehicle year, a lot of the newer engine years are CNG
fueled trucks. Engine year and emission controls show a correlation of 62% because a lot
of the engine years are grouped by the same emission controls.

Vehicle type and fuel type are not correlated. This is because the type of truck is
not dependent on the fuel type. There are front-load and side-load trucks with both diesel
and CNG fuel used in this study. Vehicle type and emission controls have a low
correlation of 35%. This is likely due to the fact that there are three types of vehicles
with a range of emission controls. Further analysis will need to be performed to
determine the relationship between the two factors.

Fuel type and emission controls are highly correlated with a value of 66%. This is
due to the fact that all of the CNG vehicles and many of the older diesel fuel vehicles
have the same emission controls. They will still be tested in the same models to

determine if there is a relationship between two.
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Dependent Variables

The correlation between CO2 and CO is relatively low with a value of 22%.
There could be no real relationship between the two emissions. CO, and HC also have a
relatively low correlation at 28%. It is noted that both CO and HC have positive low
correlations with CO2 which indicates that they do increase at the same time. CO> and
NOx have a high correlation of 77%, which indicates that they have a relationship. CO>
and PM are also highly correlated with a value of 56%, which shows a relationship as
well. CO and HC show no real relationship because it resulted in a -4% correlation, but
since the value is negative it indicates that when one is increasing the other decreases.
CO and NOx also have a low correlation of 6%, which supports the idea that there is no
relationship between the two emissions. CO and PM have a low result of 36%. HC and
NOx have a correlation of basically zero with a value of -2%, so there is no relationship
between the two emissions. HC and PM also have a low negative correlation of -24%,
suggesting no relation. NOx and PM are two highly correlated emissions with a value of
72%, they are highly related because PM is formed by a reaction with NOx. It is likely

that when NOx is significant, PM will also be significant to the various factors.

Independent and Dependent Variables

Vehicle year and CO- have a correlation of -46%. This is an inconclusive result
so further testing will need to be done to determine how much CO: is affected by vehicle
year. Vehicle year and CO has a very low correlation of -0.005%, it is so close to zero
that there is most likely no relationship between CO and vehicle year. Vehicle year and
HC have a low positive correlation of 28%, so based on this test there is most likely no

relationship between the two, but will be tested further to confirm this assumption.
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Vehicle year and NOx is highly correlated with a value of -83%, which indicates that
vehicle year will be significant in NOx models. Vehicle year and PM have a -81%
correlation, and like vehicle year will likely be significant in PM models.

Engine year and CO: have a correlation of -58%, so engine year should be
relevant in some models. Engine year and CO,13%, and engine year and HC,10%, both
have low correlations, and thus, engine year will probably not be significant to CO and
HC models. Engine year and NOx have a high correlation of -89%, and engine year and
PM have a correlation of -76%. Engine year will presumably be significant to both NOx
and PM emissions, due to the high correlations.

Vehicle type and CO- have a correlation of -50%. There could be a relationship
between the two but it needs further testing. Vehicle type and CO do not have much of a
relationship because the correlation results are 7.9%, which is low. There is most likely
no relationship but will still need to be tested to determine if vehicle type is indicative of
CO emissions. Vehicle type and HC is also not very highly correlated since its
correlation is -29%. There is probably no relationship between the two. Vehicle type
and NOy, -16%, and vehicle type and PM ,-1%, both have very low negative results, so
vehicle type will likely not be an indicator of NOx and PM emissions.

Fuel type and CO> have a negative low correlation of -32%, which could be due
to the CNG being similar but the diesel fuel trucks do not have a real pattern. Fuel type
and CO have a 49% correlation which is inconclusive, and will need to be tested further.
Fuel type and HC have a very low correlation of 12% which supports the idea that there

is no relationship between the two. Fuel type and NOx is highly correlated at -64%, so
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typically as the fuel type goes up the NOx emissions go in the opposite direction. Fuel
type and PM also have a negative correlation of -43%.

Emission controls and CO> have a low correlation of -31%, there may be a
relationship between the two but the results are inconclusive. Emission controls and CO
have a 48% correlation, so further testing will need to be done. Emission controls and
HC have pretty much no relationship since there is a correlation of -0.7%. The
probability of there being a relationship between the two is unlikely. Emission controls
and NOx have a negative correlation of -50%, but it is pretty high, which is explained by
majority of the emission controls working to reduce NOx emissions. Emission controls
and PM have a -18% correlation, which is low, thus, the relationship will need to be
tested further.

From the correlation analysis there is not enough information to determine the
impact between the factors and the emissions so, further analysis must be done. This
testing is performed through a multiple regression analysis on the various models. The
following figures will show the p statistic for each of the five factors tested alone based
on the five emissions. The models test all of the trucks together and then the diesel fuel,
CNG fuel, front-load, side-load, and roll-off trucks are each tested in separate models.
The emissions are tested based on the emission averages, each of the five different
operating modes categories and the three road grade classifications. The values that are
less than the 0.95 line indicate that the factor tested is not a producer of that particular
emission. When the factors are tested in the same models, the significance of each factor

sometimes changes. The most prominent regression results, where the other factors
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influence each other the most significantly, will also be presented as well. The remainder
of the regression tables will be located in the Appendix.
4.3. ALL TRUCKS

The data is first tested with all of the trucks simultaneously. Figure 10 shows the
results of the p statistics from all of the truck averages. All of the factors that are below
the 0.95 line indicate irrelevance to the emission tested. This graph shows that vehicle
year, engine year and vehicle type are all producers of CO, emissions. Fuel type and
emission controls are significant to CO emissions. There are no factors that are relevant
to HC emissions. Vehicle year, engine year, fuel type and emission controls are all
significant to NOx emissions. Vehicle year, engine year, and fuel type are all relevant to

PM emissions.
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Figure 10. Regression Results from All the Truck Emissions Data Averages
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Figure 11 shows the p statistic of each of the five factors while the trucks are
braking or decelerating. The results differ quite a bit from the average emission data.
Vehicle year, engine year, fuel type and emission controls are all producers of CO>
emissions. Vehicle year, engine year, and fuel type are all significant to both CO and HC
emissions. While the trucks are decelerating or braking, there are no factors that are

producers of NOx emissions, and only emission controls are relevant to PM emissions.
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Figure 11. Regression Results from All the Trucks in OP Mode 0

Figure 12 shows all of the trucks while they are idling. There are far less factors
that are producers of the emissions than in OP Mode 0. Fuel type and emission controls
are significant to CO2. Vehicle year is the only significant factor to CO. There are no
factors that produce HC emissions while idling. Vehicle year, engine year, and fuel type

are all producers of NOx emissions. Lastly, vehicle year and engine year are both
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significant to PM emissions as well. The vehicle type is the only factor that is not

relevant to all five of the emissions measured while the trucks are idling.
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Figure 12. Regression Results from All the Trucks in OP Mode 1

Figure 13 is a graphical representation of the p statistic for the trucks while they
are traveling between a speed of 1 and 25 mph. There are no factors that produce CO>
emissions at this speed. Both fuel type and emission controls are significant factors to
CO emissions. Vehicle year and fuel type are producers of HC emissions. Vehicle year,
engine year, fuel type and emission controls are all relevant to NOx emissions. Vehicle
year, engine year, and fuel type are also producers of PM emissions. Much like the
results in OP Mode 1, vehicle type is not relevant to any of the emissions tested while the

vehicles are traveling at a speed between 1 and 25 mph.
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Figure 13. Regression Results from All the Trucks in OP Modes 11-16
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Figure 14 shows the p statistic of each emission when the trucks are traveling at a

speed between 25 and 50 mph. This speed has the most impact on the emissions, as

indicated by the fact that every factor is relevant in some capacity. Vehicle year, engine

year, vehicle type, and emission controls are all significant to CO. emissions. Vehicle
year, engine year, fuel type, and emission controls are relevant to CO emissions. HC is
affected by vehicle year, vehicle type and fuel type. All five factors produce NOx

emissions. Vehicle year, engine year, fuel type and emission controls are significant to

PM emissions.
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Figure 14. Regression Results from All the Trucks in OP Modes 21-30
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Figure 15 shows all of the trucks while traveling at a speed greater than 50 mph.

Vehicle year, engine year, fuel type, and emission controls are all relevant to CO2, NOXx,

and PM emissions. Fuel type is the only producer of CO emissions. Engine year and

emission controls are significant to HC emissions. There are fewer factors that are

significant to the five emissions at this speed than in OP Modes 21-30.
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Figure 15. Regression Results from All the Trucks in OP Modes 33-40

Figure 16 represents the p statistics from all of the trucks with a road grade less
than 0. This is when the trucks are traveling downhill while in route. Engine year and

vehicle type are both producers of CO2 emissions. Emission controls are the only
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relevant factors in CO emissions, and there are no relevant factors to HC emissions. NOx

is produced by vehicle year, engine year, fuel type, and emission controls. Vehicle year,

engine year, and fuel type are all significant to PM emissions. Traveling downhill affects

CO., NOx, and PM emissions the most significantly.
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Figure 16. Regression Results from All the Trucks with a Road Grade <0

Figure 17 depicts the p statistic from the regression performed on all of the trucks
while traveling at a road grade between 0 and 3. This is typically driving on normal
residential roads and highways. Vehicle year, engine year, and vehicle type are all
relevant to CO emissions. Both fuel type and emission controls show significance to CO
emissions. There are no relevant factors to HC emissions. NOX is produced by vehicle
year, engine year, fuel type and emission controls. Lastly, PM is significant to vehicle

year, engine year, and fuel type.
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Figure 17. Regression Results from All the Trucks with a Road Grade between 0

and 3
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Figure 18 represents the p statistic for each of the factors while traveling on a road

grade greater than 3, or uphill. Vehicle year, engine year, vehicle type and emission

controls are all producers of CO2 emissions. Fuel type is the only relevant factor to CO

emissions. HC is not significantly produced while traveling uphill, as well. Vehicle year,

engine year, fuel type and emission controls are all significant to NOx emissions. PM is

produced by vehicle year, engine year, and fuel type. Traveling uphill appears to have

the most effect on all of the emissions.
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Figure 18. Regression Results from All the Trucks with a Road Grade >3

Tables 20-22 show the results from the models testing all of the trucks while in
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OP Mode 0 for the CO. emission models. The regression shows interesting results in the

various models. Equation 2 shows that neither vehicle year, vehicle type and emission

controls are relevant, but when vehicle year is not tested in the same model with emission

controls it becomes a relevant emission, as shown by the p statistic in parenthesis. The

same occurrence happens in the models testing engine year. When emission controls are

not included, it becomes a relevant factor. It also shows in equation 12 that when vehicle

type and emission controls are in the same model they are both significant, but when each

are tested alone, only emission controls is a significant factor. This shows that the factors

are definitely affected by one another, and that the correlations hold true.



Table 20. Results from the Models with Vehicle Year
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Equaton | 0S| VY| VT B e agre | o
Model
10 (8.7328;3?) (3.4038'22) (g?)%fzg) (8?065538) 24104199 | 03329 | 0.0110
11 (8_236581) (8_201(5;?) ('é7283'§f) - 24 103260 | 02618 | 0.0159
12 ((_).198%) (8?065%) - (g?’zgégg) 24 (03170 | 02519 | 0.0183
13 (3_770522) (8_008(523) - - 24 | 02770 | 02441 | 0.0082
Table 21. Results from the Models with Engine Year
oo 1 [ a0 | g
14| (01647) | (00718) | ©0524) | (04544) | 2% | 04300 | 03445 | 00093
15 ((9).3171';1;) (g%c?d;g) (g?figg) . | 24| 03676 | 03073 | 0.0081
16 ((ngﬁ) (8.1036%2) . ((1)?453'23) 24| 0.3087 | 0.2429 |  0.0207
17 (3952'58) ((7,_60%22) - - 24| 0.2883 | 0.2559 |  0.0068
Table 22. Results from the Models with Neither VY or EY
o || | | g a0 | g
18 (109325137) (-(z)%.gg) (3588&6) (01.3;?466) 24| 06063 | 05473 | 0.0003
19 (101.8%7‘8 ('3_31%'88;) (302 gégg - 24 | 0.6062 | 0.5687 |  0.0001
20 (101_32526% ('g_%i'gg) - (8%7638) 24| 0.3270 | 0.2629 |  0.0156
21 (glzooégg) : (305.886638) ('01.152'58) 24| 05732 | 0.5326 |  0.0001
22 (10%8;1602) ('33;31%) - - 2400401 | o ooc | 0.3479
23 (8.7003'3% : (358(136405) - | 24| 05661 | 05464 | 0.0000
24 (8?297'2‘71) - - (gjr’olégi) 24| 0.1865 | 0.1496 |  0.0351




4.4. DIESEL FUEL TRUCKS

Figure 19 represents the p statistics of each of the factors and emission averages

in the eighteen diesel fueled trucks tested. CO: is produced by vehicle year and the

vehicle type. Vehicle year and engine year are significant to CO, NOx, and PM
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emissions. Vehicle type is the only relevant factor to HC in the emission averages. CO

performs similarly to NOx and PM, even though they are not closely correlated.
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Figure 19. Regression Results from the Diesel Fuel Truck Averages

Figure 20 is a representation of the p statistic while the truck is decelerating or

braking in the diesel fuel trucks. It shows that vehicle year and engine year are the only

relevant factors and they only produce HC emissions. The four remaining emissions are

not significantly affected by the factors tested while the trucks are decelerating or

braking.
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Figure 20. Regression Results from the Diesel Fuel Trucks in OP Mode 0

Figure 21 depicts the p statistic of each factor in relation to the five emissions

while the diesel fueled trucks are idling. It shows that vehicle year and engine year are
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producers of CO, NOx, and PM. The factors do not significantly affect neither CO2 nor

HC emissions.
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Figure 21. Regression Results from the Diesel Fuel Trucks in OP Mode 1

Figure 22 shows the results of the p statistic for the diesel fuel trucks while they
are traveling at a speed between 1 and 25 mph. Vehicle year and engine year are all
producers of CO2, CO, and NOx. The vehicle type is significant to HC emissions. PM is
relevant to vehicle year, engine year, and emission controls. There are more emissions
produced when the diesel trucks are traveling at a speed than when braking/decelerating

and sitting idle.
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Figure 22. Regression Results from the Diesel Fuel Trucks in OP Modes 11-16

Figure 23 represents the diesel fuel trucks while traveling at a speed between 25
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and 50 mph. CO:z is relevant to all four factors tested, vehicle year, engine year, vehicle

type and emission controls. CO is produced by vehicle year, engine year and emission
controls. The only factor that affects HC is the vehicle type. Vehicle type, engine type

and vehicle type are all significant to NOx emissions. Finally, both vehicle year and

engine year are producers of PM emissions. As previously shown before with the

emissions averages, this speed shows the most significant amount of emissions produced.
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Figure 23. Regression Results from the Diesel Fuel Trucks in OP Modes 21-30

Figure 24 is a representation of the p statistic of the diesel fuel trucks while they
are traveling at a speed greater than 50 mph. Vehicle type and emission controls are
relevant to CO, emissions. Vehicle year, engine year, and emission controls are all
producers of CO, NOx, and PM emissions. Again, vehicle type is the only relevant factor

to HC emissions.



1.00

0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

1-p statistic

0.95 1

Co2

co

sunsnnnsennssnnnnsl

HC

Emissions

NOx

PM

H Vehicle Year
B Engine Year
 Vehicle Type

B Emission Controls

Figure 24. Regression Results from the Diesel Fuel Trucks in OP Modes 33-40
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Figure 25 is the p statistic of each factor tested in the diesel fuel trucks while they

are traveling downhill. Vehicle type is a producer of both CO, and HC emissions.

Vehicle year and engine year are relevant to CO, NOx, and PM. The results are very

similar to the previous various truck actions.
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Figure 25. Regression Results from the Diesel Fuel Trucks with a Road Grade <0

Figure 26 shows the p statistic of each factor and whether they are producers of
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the five emissions tested in the diesel fuel trucks while traveling on a road grade between

0 and 3. Engine year and vehicle type are both relevant to CO2 emissions. Vehicle year

and engine year are both producers of CO, NOx, and PM. Vehicle type is the only

significant factor to HC emissions. These results are similar to the road grade going

downhill.
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Figure 26. Regression Results from the Diesel Fuel Trucks with a Road Grade
between 0 and 3

Figure 27 depicts the results from the regression performed on the diesel fuel
trucks while they are traveling uphill. Engine year and vehicle type are producers of CO>
emissions. Vehicle year and engine year are significant to CO, NOx, and PM emissions.
HC is only affected by the vehicle type. The results are almost identical to the previous

results when the trucks are traveling on the road with a grade between 1 and 3.
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Figure 27. Regression Results from the Diesel Fuel Trucks with a Road Grade >3

Tables 23-25 show the regression results from CO emissions for OP Modes 21-

30 from the diesel fuel trucks. It should be noted that in every model with emission

controls it is not relevant until it is tested alone, then it becomes a significant factor.

Table 23. Results from the Models with Vehicle Year

Equation Co?;;ant \(/F;)( \(/p-l)- l(Ep(): N R? AESZJ pl\j?é;f
n | 0 e | e | 2| O o | ooms
27 (1;2(23) Z; '(%%g’i% '(%E_gggﬁ‘;’ - 132 %P | 0.1089 | 0.0002
28 (1;2(2 Z; '(%(_)ggé%? : (%)255066; 132 | %97 | 0.0583 | 00077
2 | o || - 132 | %97 00306 | 0.0126

©.0000) | ©0126) 0




Table 24. Results from the Models with Engine Year
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Equation Co?;;ant I(EF?; \(/p')l' I(EFS N R? pn;?é;f
o [ o ] 2 | | o
31 1(3.30009639 '(%fggb%? _(%(.)81255? - | 132|0.1620 | 0.149 | 0.0000
32 1(8?0500689 '(%.1301613()) i (552}1559) 132 | 0.1285 | 0.1149 | 0.0001
33 1(8?080468? '(%‘_‘ggbg : - | 13201194 | 01126 | 0.0000

Table 25. Results from the Models with Neither VY or EY

Equation Co?;;ant \(g)r I(EFS N R? Adj. R? | p stat of Model
34 1(8.75106629 '(%?ggé% ('03_%%'3?2) 132 | 0.0869 | 0.0728 0.0028
35 1(8?0709(58;) '(‘(1)9336% : 132 | 0.0858 | 0.0788 0.0007
36 1(3_4020%3;’ i -(%;.1325%2;3 132 | 0.0367 | 0.0293 0.0278

4.5. CNG FUEL TRUCKS

Figure 28 represents the CNG fuel truck emissions averages. There are six CNG

fuel trucks, and the only difference between the trucks is the vehicle type. Vehicle type is

not significant to any of the five emissions measured.
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Figure 28. Regression Results from the CNG Truck Averages
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Figure 29 shows the p statistic of the vehicle type for each of the emissions while

the trucks are decelerating and braking. Much like the emission averages, vehicle type is

not significant to any of the emissions tested in this particular operating mode.
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Figure 29. Regression Results from the CNG Trucks in OP Mode 0

Figure 30 represents the p statistic of the CNG fuel trucks while they are idling.
Vehicle type is only relevant to CO emissions. PM is not quite at the 0.05 significance

level.
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Figure 30. Regression Results from the CNG Trucks in OP Mode 1

Figure 31 shows the regression results from the CNG fuel trucks while they are
traveling at a speed between 1 and 25 mph. In this mode both CO2 and HC are produced
by vehicle type. This operating mode shows significance to only two emissions, but it is

the most produced out of all of the various truck conditions tested.
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Figure 31. Regression Results from the CNG Trucks in OP Modes 11-16
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Figure 32 depicts the results from the CNG fuel trucks while they are traveling at

a speed between 25 and 50 mph. Vehicle type is only significant to CO2 emissions.
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Figure 32. Regression from the CNG Trucks in OP Modes 21-30

Figure 33 shows the regression results from the CNG trucks while they are

traveling at a speed greater than 50 mph. In this mode there are no relevant emissions.
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Figure 33. Regression Results from the CNG Trucks in OP Modes 33-40

Figure 34 shows the results from the CNG trucks while they are traveling on a
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road that is downhill. None of the emissions are relevant to vehicle type in this this case.
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Figure 34. Regression Results from the CNG Trucks with a Road Grade <0

Figure 35 represents the regression results from the CNG trucks while they are
traveling on a road that has a slope between 1 and 3. The emissions are not relevant in

this case as well.



85

1-p statistic

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

C0o2

| I m Vehicle Type
co HC NOx PM

Emissions

Figure 35. Regression Results from the CNG Trucks with a Road Grade between 0

and 3

Figure 36 shows the results from the regression done on the CNG trucks while

they are traveling uphill. The emissions are not significant in this case as well. The CNG

fuel does not have much of an impact on the type of vehicle to produce significant

emissions.
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Figure 36. Regression Results from the CNG Trucks with a Road Grade >3

4.6. FRONT-LOAD TRUCKS
Figure 37 represents the p statistic of each of the factors and emissions in the
front-load truck averages. It shows that vehicle year, engine year, fuel type, and emission
controls are all producers of CO2 and NOx emissions. PM is relevant to vehicle year,
engine year, and emission controls. Neither CO nor HC produce significant emissions in

the front-load truck averages.
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Figure 37. Regression Results from the Front-load Truck Averages

Figure 38 is a summary of the p statistic for the front-load trucks while they are
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decelerating or braking. In this particular mode vehicle year, engine year, fuel type and

emission controls are all relevant to CO», CO, and HC emissions. Neither NOx nor PM

are significantly produced. It is interesting to note that in this particular mode, the

emissions produced are different from the front-load truck averages.
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Figure 38. Regression Results from the Front-load Trucks in OP Mode 0

Figure 39 is a graphical representation of the p statistic of the front-load trucks
while they are idling. Vehicle year, engine year, fuel type and emission controls are all
significant to NOx emissions. Vehicle year and engine year are producers of PM
emission as well. CO», CO, and HC are not significantly produced in the front-load

trucks while they are idling.
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Figure 39. Regression Results from the Front-load Trucks in OP Mode 1
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Figure 40 shows the p statistic of the front-load trucks while they are traveling at

a speed between 1 and 25 mph. CO2, CO and HC are not significantly produced in the

trucks while they are traveling at this speed. NOx and PM are both produced by

according to all four factors tested, vehicle year, engine year, fuel type, and emission

controls.
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Figure 40. Regression Results from the Front-load Trucks in OP Modes 11-16

Figure 41 illustrates the p statistic from the front-load trucks while they are

traveling at a speed between 25 and 50 mph. At this speed, there are more emissions
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produced by the four factors tested. All four factors, vehicle year, engine year, fuel type,

and emission controls are significant to CO, NOx, and PM emissions. Engine year is

relevant to CO emissions, and vehicle year is a producer of HC emissions. Itis

interesting to note that engine year is so different from vehicle year in HC emissions; it is

not typical in most models.
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Figure 41. Regression Results from the Front-load Trucks in OP Modes 21-30

Figure 42 shows the p statistic of the front-load trucks while they are traveling at

a speed greater than 50 mph. Vehicle year, engine year, fuel type, and emission controls

are all significant to CO., CO, NOx, and PM emissions. Fuel type is also a producer of

HC emissions as well. This traveling speed produces the most amount of emissions in

the front-load trucks.
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Figure 42. Regression Results from the Front-load Trucks in OP Modes 33-40

Figure 43 shows the p statistic results from the front-load trucks while they are

driving downhill. CO is significant to engine year, fuel type, an emission controls. NOx

is produced by all four factors tested. Vehicle year, engine year, and emission controls

are all relevant to PM emissions. CO and HC are not significantly produced while the

front-load trucks are driving downhill.
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Figure 43. Regression Results from the Front-load Trucks with a Road Grade <0

Figure 44 illustrates the p statistic from the front-load trucks while they are
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traveling on a road with a slope between 1 and 3. All four factors are producers of both

CO2 and NOx emissions. Vehicle year, engine year, and emission controls are also

relevant to PM emissions. Both CO and HC are not significantly produced by the front-

load trucks while traveling on a road with a slope between 1 and 3.
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Figure 44. Regression Results from the Front-load Trucks with a Road Grade

between 0 and 3

Figure 45 shows the p statistic of the front-load trucks while they are traveling
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uphill. The regression results between the varying road grades are very similar. COz is

produced by the engine year and emission controls. NOXx is relevant to all four factors

tested. Vehicle year, engine year, and emission controls are all significant to PM

emissions. CO and HC are not significant emissions that are produced in the front-load

trucks while they are traveling uphill.
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Figure 45. Regression Results from the Front-load Trucks with a Road Grade >3

Tables 26-28 are the regression tables from the front-load HC emissions while in

OP Modes 11-16. It is unusual that when each of the factors are tested in models

together, they are both significant, but when tested alone they become insignificant. This

could be an error, but should definitely be investigated further because it does indicate

that the factors do not significantly impact the HC emissions individually.

Table 26. Results from the Models with Vehicle Year

: Constant VY EC ] p stat of
Equation N R2 Adi. R2
| (p) () (p) ) Model
68.18 | 5502150 | -34021.10
32 0.9%52) | (0.0000) | (Qooon) | 4| 02871 | 02591 | 00002
1883250 | 9660.01
33 (01204 | (0.1066) - 54 | 00493 | 0.0310 | 0.1066




Table 27. Results from the Models with Engine Year
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Equation Cor(w;;ant I(EF:; (EpC): N R? Adj. R? | p stat of Model
34 1(3.126618;8;) 1?0?883'70)0 -1(4(1)(.58(?(:)3%())0 54 | 0.2026 | 01713 0.0031
35 3&8903002'%) (1028925 i 54 | 0.0013 | -0.0180 0.7994

Table 28. Results from the Models with Neither VY or EY

Equation Co?s;ant (F;; I(EFS N R? Adj. R? | p stat of Model
36 1((2).1266188;) '1(%?333;))0 S(cg).sc?c?ig;) 54 | 0.2026 | 0.1713 0.0031
37 3;3?060163? '%53?322)0 - |54 00129 | -0.0061 0.4142
38 38.2000263? : ((1).6916;‘7‘) 54 | 0.0000 | -0.0192 | 09687

4.7. SIDE-LOAD TRUCKS

Figure 45 is an illustration of the p statistics for the side-load truck emission

averages. The emission averages show that vehicle year and engine year are both

producers of CO2, NOx, and PM emissions. Fuel type is also relevant to HC emissions.

None of the factors affect CO significantly.
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Figure 46. Regression Results from the Side-load Truck Averages
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Figure 47 is a summary of the p statistic from the side-load trucks while they are

decelerating or braking. Fuel type is the only significant factor, and produces CO>, CO,

and HC emissions. NOx and PM are not significantly emitted by the factors while the

side-load trucks are decelerating or braking.
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Figure 47. Regression Results from the Side-load Trucks in OP Mode 0

Figure 48 is a graphical representation of the side-load trucks while they are

idling. There seem to be more factors affecting the trucks in this mode than while they

are decelerating or braking. Fuel type is significant to both CO2 and HC emissions.

Vehicle year and engine year are both relevant to NOx and PM emissions. CO is not

significantly produced by any of the factors while the side-load trucks are idling.
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Figure 48. Regression Results from the Side-load Trucks in OP Mode 1
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Figure 49 shows the p statistic of the side-load trucks while they are traveling at a

speed between 1 and 25 mph. Vehicle year and engine year are significant to CO,.

Emission controls produce CO. All four factors are relevant to HC and PM emissions.

Lastly, vehicle year, engine year, and fuel type are producers of NOx emissions. All five

emissions tested are affected in some capacity by the side-load trucks while they are

traveling at this particular speed.
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Figure 49. Regression Results from the Side-load Trucks in OP Modes 11-16

Figure 50 shows the p statistic of the side-load trucks while they are traveling at a

speed between 25 and 50 mph. All four factors are producers of HC, NOx, and PM

emissions. Vehicle year, engine year, and emission controls are relevant to CO-

emissions. Finally, fuel type and emission controls are both producers of CO emissions.

This speed has the most impact on the emissions within the side-load trucks.
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Figure 50. Regression Results from the Side-load Trucks in OP Modes 21-30

101

Figure 51 illustrates the p statistic of the side-load trucks while they are traveling

at a speed greater than 50 mph. In this mode vehicle year and engine year are producers

of CO2, NOx, and PM emissions. Fuel type is significant to CO and PM emissions as
well. HC is not significantly affected by any of the factors while traveling at a speed

greater than 50 mph.
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Figure 51. Regression Results from the Side-load Trucks in OP Modes 33-40

Figure 52 shows the p statistic of the side-load trucks when they are driving
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downhill. Fuel type is a producer of HC emissions. Both vehicle year and engine year

are relevant to NOx and PM emissions. CO2 and CO are not significantly affected by the

negative road grade in the side-load trucks.
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Figure 52. Regression Results from the Side-load Trucks with a Road Grade <0

Figure 53 is a graphical representation of the side-load trucks while they are

traveling on the road with a slope between 1 and 3. Vehicle year and engine year are
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both producers of CO2, NOx, and PM emissions. Fuel type is relevant to HC emissions.

The results are very similar to the road grade less than 0.
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Figure 53. Regression Results from the Side-load Trucks with a Road Grade

between 0 and 3

Figure 54 shows the p statistic of the side-load trucks while they are traveling

uphill. Fuel type is a producer of HC emissions. NOx and PM are both relevant to
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vehicle year and engine year. These results are very similar to the regression results with

a road grade less than 0.
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Figure 54. Regression Results from the Side-load Trucks with a Road Grade >3

Tables 29-31 are the full models tested from the NOx emission averages in the

side-load trucks. The models were typical, and not much contradiction occurred when

the different factors were tested together and separately. But it is interesting to note that

the vehicle year and engine year models equations of the line and p statistic are identical.

It shows how closely related the two factors are.

Table 29. Results from the Models with Vehicle Year

; Constant VY EC )
Equation N R? Adj. R? stat of Model
| (°) (p) (P) j P
885113 | -32.1418 | 1.44733
40 (0.0176) | (0.0110) | (0.8290) | O | 0-6890 | 05854 0.0301
93.1481 | -32.2222
4 (0.0008) | (0.0058) - 9 | 0.6864 | 0.6416 0.0058




Table 30. Results from the Models with Engine Year
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; Constant EY EC )
Equation N R? Adj. R? stat of Model
| (®) (0) (p) j p
885113 | -32.1418 | 1.44733
42 (0.0176) | (0.0110) | (0.8290) | O | 0-6890 | 05854 0.0301
93.1481 | -32.2222
43 (0.0008) | (0.0058) - 9 | 06864 | 0.6416 0.0058
Table 31. Results from the Models with Neither VY or EY
. Constant FT EC )
Equation N R? Adj. R? stat of Model
| (®) (p) (p) j p
30.0517 | -67.8908 | 10.2931
44 (0.3581) | (0.0765) | (0.3152) | O | 04361 | 0.2481 0.1793
57.5000 | -54.1667
45 (0.0120) | (0.1102) - 9 | 0.3233 | 0.2266 0.1102
32.0291 238350
46 (0.4163) - (Ggogp) | O | 00071 | 01347 0.8286

4.8. ROLL-OFF TRUCKS

Figure 55 illustrates the p statistic of the roll-off truck emissions data averages. It

shows that engine year and emission controls are producers of NOx and PM emissions.

Also, PM is significant to vehicle year as well. CO2, CO, and HC are not significantly

affected by the emissions averages.
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Figure 55. Regression Results from the Roll-off Truck Averages

Figure 56 shows the p statistic of the roll-off trucks while they are idling. The

only emission that is relevant in NOx, and it is produced by engine year and emission
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controls. CO2, CO, HC, and PM are not statistically significant while the roll-off trucks

are idling.
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Figure 56. Regression Results from the Roll-off Trucks in OP Mode 0

Figure 57 shows the p statistic of the roll-off trucks while they are idling. There

are more emissions affected by this truck mode than while they are decelerating or

braking. All three emissions tested produce CO and NOx emissions. Vehicle year is

solely a producer of HC and PM emissions. COz is not significantly affected by the roll-

off trucks while they are idling.
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Figure 57. Regression Results from the Roll-off Trucks in OP Mode 1

Figure 58 shows the p statistic of the roll-off trucks while they are traveling at a

speed between 1 and 25 mph. All three factors, vehicle year, engine year, and emission

controls produce CO, NOx, and PM emissions. CO2 and HC are not statistically relevant

in the roll-off trucks while they are traveling at a speed between 1 and 25 mph.
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Figure 58. Regression Results from the Roll-off Trucks in OP Modes 11-16

Figure 59 shows the p statistic of the roll-off trucks while they are traveling at a

speed between 25 and 50 mph. All three factors, vehicle year, engine year, and emission

controls are producers of CO, HC, NOx, and PM. CO: is not statistically significant.

This mode produces the highest amount of emissions in the roll-off trucks.
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Figure 59. Regression Results from the Roll-off Trucks in OP Modes 21-30

Figure 60 illustrates the p statistic of the roll-off trucks while they are traveling at

a speed greater than 50 mph. Vehicle year is significant to CO, HC, NOx and PM.

Engine year and emission controls are all relevant factors to CO, NOx, and PM. COz is

not statistically significant. This mode also produces substantial emissions in the roll-off

trucks.
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Figure 60. Regression Results from the Roll-off Trucks in OP Modes 33-40

Figure 61 shows the p statistic from the roll-off trucks while they are driving
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downhill. Vehicle year is a producer of CO, NOx, and PM emissions. Emission controls

are significant to both CO and NOx. CO- and HC are not statistically relevant while the

roll-off trucks are moving downbhill.
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Figure 61. Regression Results from the Roll-off Trucks with a Road Grade <0
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Figure 62 illustrates the p statistic of the roll-off trucks while they are traveling on

a road with a slope between 1 and 3. Emission controls are the only relevant factor, and

they produce CO, NOx, and PM emissions. CO2 and HC are not significantly affected by

the road grade between 0 and 3 in the roll-off trucks.
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Figure 62. Regression Results from the Roll-off Trucks with a Road Grade between

0and 3

Figure 63 shows the p statistic of the roll-off trucks while they are traveling

uphill. NOXx is the only emission produced in this mode, and is only affected by the

vehicle year and emission controls. CO2, CO, HC and PM are not significantly produced

when the roll-off trucks are driving uphill.
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Figure 63. Regression Results from the Roll-off Trucks with a Road Grade >3

Tables 32-34 show the models from the CO> emissions of the roll-off trucks in OP

Modes 21-30. This model is interesting because when the vehicle year is tested with

emission controls, but when both factors are tested alone, they are insignificant. There

must be further analysis done to determine why the results are showing this way.

Table 32. Results from the Models with Vehicle Year

. Constant VY EC )
Equation N R? Adj. R? stat of Model
| () () () j p
10134.70 | 12763.00 | -19592.40
48 (0.0021) | (0.0048) | (0.0012) | 45| 0:2392 | 0.2029 0.0032
16038.30 | -1405.54
49 (0.0000) | (0.3663) - 45 | 0.0190 | -0.0038 0.3663




Table 33. Results from the Models with Engine Year
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. Constant EY EC . p stat of
Equation N R? Adj. R?
a ) () ) : Model
50 Too highly correlated
16736.30 -2499.14
51 (0.0000) (0.0618) - 45 10.0788 0.0574 0.0618
Table 34. Results from the Models with Neither VY or EY
Equation Constant EC N R? Adj. R? p stat of Model
() ()
16736.30 -3748.71
52 (0.0000) (0.0618) 45 0.0788 0.0574 0.0618

The descriptive statistics and the regression analysis provide a lot of specific

information about how the trucks operate, and what modes affect them the most. A more

in-depth analysis as to why the different modes studied perform the way they do is

provided in the discussion of the results below.
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CHAPTER 5. DISCUSSION

There was a large amount of output from the regression analysis models. The
results illustrated the outputs from the models containing all of the trucks, the diesel fuel,
CNG fuel, front-load, side-load, and roll-off trucks in various truck operating modes.
The discussion will focus on major patterns and underlying causes of the regression
results. The results differ greatly depending on the different operating modes and road
grades, the regression analysis is dependent on what the truck is doing at the time of
measurement.

The regression analysis performed on the averages of the truck data shows a basic
relationship between the five emissions and the five factors. There are a few
relationships shown in this analysis. It shows that vehicle year and engine year are
almost always producers of the same emissions. This is supported by the high
correlations between the two factors. It also shows the differences in the three types of
trucks tested and what particular emissions are produced while in route. Overall, the
emission averages do not show much of a pattern between the various models, so it is
necessary to evaluate with a more in-depth analysis like the operating modes and the road
grade.

Op mode 0 is classified by the decelerating and braking of the refuse trucks.
Since the decelerating or braking occur at different times within the routes and also rely
on the operator of the vehicle, there may be some discrepancies with the results. This is
supported by the very low R? values of the OP Mode 0 models, indicating that a lot of
outside factors affected the data collected. The least amount of emissions are

significantly produced in this particular mode.
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Operating mode 1 is while the trucks are sitting idle. The regression analysis
shows the highest R? values in all of the models in this mode, most likely due to the truck
not moving so the data is not affected by many outside factors. There are also few factors
affecting the emissions during this mode as well, particularly because the truck is not in
motion, thus, fewer pollutants are produced.

Operating modes 11-16 indicate when the trucks are moving at a speed between 1
and 25 mph. At this speed, the trucks will most likely be traveling through the residential
areas of their particular route. Since the truck is in motion, there may be a lot of stopping
to collect waste, stoplights, and stop signs that affect this speed. There is a lot of
dependence on the different driver methods and where the route is. This statement is
supported by the low R? values in the models tested.

Operating modes 21-30 are when the vehicles are traveling at a speed between 25
to 50 mph. This is most likely when the trucks are traveling on main roads between
stops. There are probably many traffic lights when the trucks are driving at this speed.
This type of travel much like operating modes 11-16, is dependent on the human
operation and the route characteristics, so the R? values are fairly low as well. This mode
also affects the factors the most, and in turn produces the highest amount of emissions in
majority of the models tested. This is likely due to the traffic patterns, various stop
lights, and the distance needed to travel within the truck route.

Operating modes 33-40 are when the trucks are traveling at a speed greater than
50 mph. This is likely the travel on interstates while in route. Much like OP Modes 21-
30, there are a lot more emissions that are relevant in these models. Since travel on the

interstate does not have any stoplights, there is minimal human operation besides driving
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at a constant speed, so the R? values have increased in these particular models. The
higher the speed of the truck the greater the emissions are affected by the factors tested.

The three categories of road grade tested all produce very similar results. The
emissions stay around the same whether or not the truck is traveling uphill, downhill, or
on a flat surface. This could be because the Raleigh area is not very hilly indicating there
is not enough of a slope in the road to produce significant emissions in the trucks. The R?
values vary in these models from very low to high, so there are sometimes outside factors
affecting the data collection, but not often.

The models containing all of the trucks were tested based on the averages, OP
Modes, and three road grade classifications. The trucks are definitely dependent on the
various speeds and slope of the road, but it varies depending on which is tested. Vehicle
year, engine year, and fuel type are almost always producers of both NOx and PM
emissions except when it comes to OP Mode 0. This is probably due to the fact that
when the trucks decelerate or brake the two emissions are not prominent but when the
trucks are moving they become significant again. NOx and PM show similar results and
this is explained by the high correlations between the two emissions. There are no real
patterns to CO2, CO, nor HC in the models with all of the trucks combined. This lack of
a relationship could be explained by the lack of correlation between the emissions.

The models that tested the diesel fuel trucks overall showed that vehicle year and
engine year are significant producers of CO2, CO, NOx and PM emissions, except in OP
Mode 0. The vehicle year and engine year then became producers of HC emissions in
this particular mode. This could be because the trucks are technically not accelerating so

the emissions are not as present in this mode, or could be a discrepancy. Vehicle type
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also becomes a prominent producer of HC emissions in majority of the truck modes.
This is likely due to one type of truck producing significant amounts of HC in various
modes of operation. The diesel fuel trucks overall do produce significant amounts of the
five emissions tested in some capacity, and the vehicle and engine year seem to be the
underlying cause.

The CNG fuel truck models do not produce many emissions. The only factors
that show significance are CO, when the trucks are idling, and CO2 and HC when the
trucks are traveling at a speed between 1 and 25 mph. The remaining modes do not have
an apparent effect on the emissions produced. The lack of significance could be due to
the fact that there are only six CNG fuel trucks that were tested, and the data sets were
small. Or it could mean that this fuel type does not produce enough emissions to be
deemed significant, and is a better alternative than the diesel fuel trucks.

The front-load trucks emissions are affected by all four factors tested, the vehicle
year, engine year, fuel type and emission controls. NOx and PM are produced in every
truck mode except when the trucks are decelerating or braking. NOx and PM seem to
only be relevant when the trucks are accelerating. When the front-load trucks are idling
or moving slowly, CO, CO and HC are not produced. CO and HC are also not produced
with the slope of the road changes. The higher speeds yield the greatest effect on the
emissions. The front-load trucks are affected the most by the four factors tested, and they
produce the most emissions out of the three truck types.

The side-load trucks emissions are generally affected by the vehicle year and
engine year. Both vehicle year and engine year produce CO2, HC, NOx, and PM in the

truck speeds ranging from 1-50 mph. The road grades produce NOx and PM emission



121

from the vehicle year and engine year as well. When the trucks are decelerating or
braking, fuel type becomes the producer of CO2, CO, and HC emissions. The side-load
trucks emit less emissions than the front-load trucks. This could be due to the differing
routes that the trucks take, or maybe the driving methods differing between the two.

The roll-off trucks are the heaviest trucks with the least amount of stops. They
are also all diesel fuel, while the side-load and front-load tested some CNG fuel as well.
Overall, decelerating and braking did not have much of an effect on the emissions. When
the speed varied from 1-50 mph, vehicle year, engine year and emission controls become
producers of CO, NOx, PM, and sometimes HC. The road grade emitted significant
amounts of CO, NOx, and PM, when the trucks were traveling downhill, but the
remainder of the driving conditions had a very small impact on the emissions. Overall,
the roll-off trucks emitted the least amount of emissions in comparison to the front-load
and side-load trucks. This is interesting to see that the weight of the trucks does not
necessarily mean it will affect the amount of emissions produced.

All of the regression results give some insight into how the various trucks behave,
and whether the type of truck and fuel type have an impact on the significance of the
emissions produced. The vehicle year and engine year seem to be the most prominent
factor to all of the emissions, and the higher truck speeds definitely affect the amount of

emissions produced.
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CHAPTER 6. CONCLUSION

The study of the air emissions produced from solid waste refuse trucks is vital due
to the increasing environmental standards. This study focused on the impact that three
different types of refuse trucks and two different fuel types may have on the emission
production while they are in route in the Raleigh, North Carolina area. Many of the
previous studies did not evaluate three types of trucks while in real life situations. A lot
of their focus was on the amount of emissions produced, not on what underlying factors
on the trucks tested will produce significant amounts of emissions.

The truck data was first summarized to show similarities between the various
truck types. The roll-off trucks collected the most waste, and since they made the least
amount of stops, the trucks also had the best fuel economy. Both the front-load diesel
and CNG fuel trucks consumed the most fuel while in route. The side-load diesel and
CNG fuel trucks had the highest average of emissions per waste collected. The emissions
data is then evaluated based on the vehicle year, engine year, vehicle type, fuel type and
emission controls through a multiple regression analysis.

The multiple regression analysis was performed on the average emissions data,
operating modes, and road grades within the truck routes. The emissions averages
showed a basic relationship between the different trucks and the amount of emissions
produced. The operating modes affected the amount of emissions produced the most,
especially when the trucks were traveling at speeds greater than 25 mph. The road grades
did not affect the emissions production as much as the operating modes, but did still
produce some significant amounts. Vehicle year and engine year were the most prevalent

factors in the regression results. The diesel fuel trucks produced more significant
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emissions than the CNG fuel trucks. Out of the three trucks tested, the front-load trucks
also produced the most significant emissions. This shows that the weight of the trucks
does not have as much of an impact on the emissions produced as what the truck may be
doing in route at that particular time.

This study showed the importance of the amount of pollutants that are produced
by the solid waste refuse trucks not only in residential areas, but also on highways and in-
town roads. The amounts produced are significant enough to look into modifications for
the trucks to decrease the amounts emitted. Since this study was done on real life solid
waste refuse trucks, there could be some discrepancies with the collected data and results.
The technology used to collect the emissions data could have malfunctioned on the
routes, the trucks were driven by 24 different drivers with different driving habits, the
routes and traffic patterns are different for every truck, and many other outside factors.
To further this study, a more in-depth analysis of the routes traveled for each truck, the
driver habits, and the traffic patterns should be done to further show which factors

produced the most emissions.
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APPENDIX

Emission Averages

Table 35. Results from the Models with CO, Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corg;;ant Vehiczlpe) Year Engi?g)Year Vehic(l;)Type Fueé;)’ype %rgi]zzg?: N R? Adj. R? p I\;t&g ec:f
TN A I - N O
1 1(3888)7 (é%%gg; ) ((1)(53%2%; ] - 24 | 04597 | 0.4083 0.0016
P 1(388853 (%%%SB? ] ] ] (%%3323? 24 | 02149 | 0.1401 0.0788
13 (101.6802000(; (é%ggg . . - - 24 0.2067 | 0.1706 0.0256
iy (102.690400033 ] (g%%i% (ggggi ] (0641729377% 24 | 05791 | 05159 0.0005
15 (10%0060105; . (%)%%? '(%)-3(’)&13‘}3‘)‘ - - 24 | 05247 | 0.4794 0.0004
16 1((1):(7)8223 ] (%)é(ﬁg i i (()6.1722%1137) 24 | 03377 | 02746 | 00132
17 (101.6804020?3 ) ((1)%%%% ; - - 24 | 03336 | 0.3033 0.0031
w | R | Gown | ooes | ssy | | 09| oo | oo
19 (102.6204045; . ] (%)%%gi; (%%%% - 24 | 03573 | 0.2961 0.0096
20 (102.6002060?; ] ] é‘é%ﬂg ) (%ﬁgg? 24 | 02736 | 0.2044 0.0349
o (101.60000805) ] ] ] (giigg? (%égj%;" 24 | 01210 | 00373 0.2582

LZT



22 (101,67040107) - - é?ﬁiﬁ; - - 24 | 02531 | 0.2191 0.0122
23 (1096607070% - - - (%%%g - 24 | 01043 | 00635 | 0.1238
24 (10%60080902) - : : : '(%iigg 24 | 00961 | 00550 | 0.1405
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitélpe) Year Engine Year Vehic(ls)Type Fueép;l)'ype Emissio(np)ControIs N R? Adj. R? | P I\;tg\é ecif
26 (10%70503033 (Olozgg% i ('02_6‘5‘352) i (giggg% 18 | 04808 | 03691 | 0.0237
27 (10%884745 (_01_ 025735) - (gé’fff) - : 18 | 0.4356 | 03604 | 0.0137
2 | 00000 | (0170 : : : (05605 18 | 01462 | 00323 | 03057
29 (101,69010101) (-& ffé’% - - - . 18 | 0.1260 | 0.0714 | 0.1483
30 (050000 : (00130} 00136 : 01755 18 | 0.5908 | 05031 | 00048
31 (103?'04020406) - (_3_512721) ('3_5’3?1276) - - 18 | 05321 | 04697 | 0.0034
32 (10%205000% - ('g_glgg) - - ('gggfg) 18 | 0.3578 | 0.2722 | 0.0361
33 (102,'0200025; - (-g_l(:)%ég) - - - 18 | 0.3572 | 03170 | 0.0088
34 (102.6501090% ) ) (_g.gfs}sz) - (823222) 18 | 03544 | 02683 | 0.0376
35 (102,&)6010101) - - ('g_é’fg”;”) - - 18 | 0.3096 | 0.2665 | 0.0165
% | 00000 . : : : 0570 18 | 00202 | 00411 | 05740

Models for CNG Fuel Trucks-E~f(VT) [37]
Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? | P I\Z?(; :If

8¢1



38 (323883) - - ('8_ fgg’; - - 03619 | 02024 | 0.2065
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehlcé:)e) Year Engine Year Vehlc(IF()e)Type Fuezi;l)'ype Emlssm(np)ControIs R Adj. R2 | P h;?(; ecif
40 (10%6080107) (8:238% . . . ('&ggfg) 0.6823 | 05765 | 0.0321
“ o0 | @oms) : : - : 0.4698 | 0.3940 | 0.0416
42 (10465000000) - (§f§’§’§) - - ((1):171822) 06926 | 05901 | 0.0291
3 (10463000000) J (35355 - - - 06849 | 06398 | 0.0059
43 (0.0000 ) : : (0.4500) (01600 06926 | 05901 | 0.0291
45 (10?640303033 - - - (§§f§f) - 05674 | 05056 | 0.0191
% | o0 : : : : 00073 06661 | 0.6184 | 00073

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehli:)e) Year Engine Year Vehlc(Is)Type Fuezi;l;ype Emlssm(npg:ontrols R Adj. R? p h;?é ecif
48 (10%3091821) ('&gjgf) . . . (8:2222) 05414 | 03886 | 0.0964
49 (101l.04070906) (_01, S‘fﬁg‘) - - - - 04935 | 04211 | 0.0348
50 (10%3091821) . ('5_8116517) . . (822;2) 05414 | 03886 | 0.0964
> (101.6407090(5) ] ('3_813?:;) - - - 04935 | 04211 | 0.0348
52 (70..70207651% . . . (02262552:) (gzggg;) 0.2800 | 0.0399 | 0.3733
53 36?06060607) - - - (gggfg - 0.1106 | -0.0164 | 0.3818
54 7.80485 i i i i 0.3806 0.0610 | -0.0731 | 05216

6¢1



(0.0055) ‘

(0.5216)

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p I\;gaé ecif
t6 ?6.700005000) ((2):8222) ] ] ] ('égggg) 0.8383 | 0.7305 | 0.6000
57 36.50303038?3 ('85’33(’5) . . ; - 0.0898 | -0.1377 | 0.5639
53 36.70000001()) ) (-g.-fg%)) ] - - 0.4790 | 0.3488 | 0.1276
55 36?0000001(; ] ] ] ] (Olfgfg) 04790 | 0.3488 | 0.1276

Table 36. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?s;ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueé{;l;ype %rgilzz:ﬁg N R2 Adj. R? p I\;t:; ec:f
OIS - I - o O I
11 (302,5217678% 3('11_10%%61)6 ) (26.772023272) - - 24 0.0070 | -0.0875 0.9286
’ (207.65005537) (%?SZ% ] ] ) (10%2015955) 24 | 03135 | 0.2482 0.0193
13 (30%000201(; 7(?%%%01)6 ] - - - 24 0.0000 | -0.0455 1.0000
iy (20%3112306; ] (gggé%f)i (‘égg ) (101.6212144% 24 | 02949 | 0.1892 0.0671
15 (20%1&91(; ) (26.75881531843 (20-_27558272(; ] ; 24 | 00211 | -0.0721 0.0177
6 (203?.020%18) ] (3521324)1 i i (10%3111035) 24 | 02804 | 0.2119 0.0316
17 31.1573 - 2.97497 - - - 24 0.0163 | -0.0284 0.5520

0€T



(0.0017) (0.5520)
o Lol | | emm [ eEn | amm |« | oww [wm | oo
19 (20463130383; ] ] (26.762622252) 301.67177738) ] 24 | 02466 | 0.1748 0.0512
20 (202:.02272881) ] ] -(:(3)'.%324((3)22;)3 ) ?6908199612) 24 | 02401 | 0.1678 0.0559
’1 (201.64101879; ] . ] (109_ -2724885(; ?6421693191) 24 | 02844 | 02163 0.0298
2 (302.62071788) . ] (26.762926292) - . 24 | 00070 | -0.0381 0.6969
’3 (20be05052€3) ] ] ] (301.6717572% ; 24 | 02395 | 0.2050 0.0152
9y (20%1196060) ] ] ] ] (76§0612752?3 24 | 02320 | 01971 0.0172
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitélpe) Year Engine Year Vehic(l;)a)Type Fuezp;l)'ype Emissio(np;:ontrols N R? Adj. R? p I\zt;; ecif
26 ?07.'00020900) _(%).36%?% ] '(%-%%gg; ) (56.20789;4% 18 | 0.6910 | 06248 | 0.0007
”7 ?0%0050533) _(%)?6%3(;3? ) (2(5?53639393; ) - 18 | 06175 | 0.5665 | 0.0007
" ?0%2040203) _(%.36%%33 ] ) ] ?640179621) 18 | 0.6850 | 0.6429 | 0.0002
29 (5096808080% -(%%%%i? . . - - 18 | 0.6089 | 0.5844 0.0001
20 (303?.03040477) ] ((2)10%3;815)9 (10-_586111108) ] ?&1201475) 18 | 05430 | 04459 | 00101
31 (30%2030189; . (%10%)?3;’ ?(5.123020587) ; - 18 | 0.4445 | 03705 | 0.0122
2 (30%2020318) ] (%105(3)811§ ] i (66?0931558% 18 | 05410 | 0.4798 | 0.0029
33 ?0%8040609) . (%90%%2; ) - - 18 | 0.3782 | 0.3393 | 0.0066

TET



23.1957

-2.88601

5.27940

34 st . ) (0.7576) - (0.2903) 18 | 0.0821 | -0.0403 | 0.5259
35 (20%2225232) . ) (20-?7313;333; ; ; 18 | 0.0086 | -0.0534 | 0.7143
" (20%64103899; ] ] ] ] (46.421697191) 18 | 00761 | 0.0183 | 0.2679

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corg;;ant Vehlczlpe) Year Engine Year Vehlc(I;)Type Fueé;)’ype Em|55|o?p)Controls N R? Adj. R? p I\;tcig ec:f

38 (50%3236303) ] ] (2()-?8030900‘:; ] - 6 | 00116 | -0.2355 | 0.8390
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(ls)Type Fueép;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;tg\é ecif
20 ?02.64002028) (?690333 ] ] ) (30%2036851) 9 | 07352 | 06469 | 0.0186
a1 (30%670216% ?6?97120222) ) ; - - 9 | 0.0019 | -0.1406 | 0.9102
o ?02.631353533 ] ((1)30183;335 ] i (1095-%08% 9 | 05042 | 03389 | 0.1219
43 (207.6776313% . (76?3955828“3 ] ; - 9 | 01211 | -0.0044 | 0.3588
1 ?02.63135353) ] ] ] (103T (1)538313; (%91232’35 9 | 05042 | 03389 | 0.1219
45 (207.'06267657) ] . ] (20§i360697) - 9 | 02824 | 01799 | 0.1409
i (207.616739253 ] ] . ] ?6922852653 9 | 01622 | 00425 | 0.2825

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R? Adj. R? p '\zt:; ec:f
48 56.189666952) (éé%)% ] ] ] (102.i619821£; 9 | 03593 | 0.1457 | 0.2630
49 ?0%8860171) (%)98%32; ) - ; - 9 | 0.0043 | -0.1380 | 0.8676

cel



50 (56.189666952) ] (ggt% ] i (102.'1619821% 0.3503 | 0.1457 | 0.2630

51 ?0%8860171) . (gggg ) - - 0.0043 | -0.1380 | 0.8676

o (3({1;8%2753) ] ] ] (10%0251725) (101. -12801635; 0.3854 | 0.1805 | 0.2322

e3 (30%353;3833 ] . _ (20%000100(; - 01512 | 0.0299 | 0.3010

o (30.986975966) ] ] ] ] (102.67829802) 0.3576 | 0.2658 | 0.0890
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fueép;l)'ype Emlssm(np)Controls R? Adj. R? p I\;tg\é ecif
55 (30%520007(; -((73-.%2%2()) ] ] ] '(g-g%%%()) 0.6871 | 04785 | 0.1750
57 (302.6106;1687) -(%).26232()) . . - - 0.6495 | 0.5619 0.0528
e (207.6000309(; . ((1)00258%()) ) ; - 0.6318 | 0.5398 | 0.0588
5 (207.6000309()) ] ] ] ] _(%)(.)62533? 0.6318 | 0.5398 | 0.0588

Table 37. Results from the Models with HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?s;ant Vehi(EIpe) Year Engine Year Vehic(IF()e)Type Fuezr;l)'ype EC?%E?)?Q N R? Adj. R? pl\jgalé :If
0 (9)6?013521617) (26282%99?; . (%Zig; ] (%‘%gﬁ 24 | 01614 | 0.0356 0.3073
1 (96.201310121) (26.31590200(; ] (362126?)3 ] ; 24 | 01579 | 0.0777 0.1646
o ?6.70363821(; 56.214306736) ] ] ) }%’.‘ﬁ%ﬁ 24 | 01027 | 00172 0.3207

€eT



13 (50.?0383;38?; (2(5.32500201(; . - - - 24 0.0729 | 0.0307 0.2021
" (101.64075680) ] 8)-?68620135) (?651%%? i (06.19235752?; 24 | 01034 | -0.0311 | 05249
15 (101.650(11217) ] (16.059212950) (?6155%6)3 - - 24 | 01031 | 0.0177 0.3190
16 ?6?02123011) ] (1()-?5847013% i i (%%‘%g 24 | 00182 | -0.0753 | 0.8243
17 (80{03110477) ) ?6.769:698% ] - - 24 | 00097 | -0.0353 0.6468
o lgem ||| ammem | WS | w | ova | oo | o
19 (102.61011141) ] ] (%2177;?)3 (26?5090703(; . 24 | 00974 | 00115 0.3409
20 (102.6003;917) ] ] (%?g‘;g? ) (00.1.56643;?81) 24 | 00945 | 0.0082 0.3527
)1 36?0603:169% ] ] ] ?639753172) (%86%2?;; 24 | 00248 | -0.0680 | 0.7679
” (102.'07030641) ] ) (?621;;?; ] : 24 0.0850 | 0.0435 0.1668
’3 (86%3031323) ] . ] (2(5?600(11090) ; 24 | 00124 | -0.0325 0.6049
o 36?0703591(; ] ] ] ] }%‘,%%3%% 24 | 00001 | -0.0453 | 0.9598
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehifélpe) Year Engine Year Vehic(l;)a)Type Fueé{;l)’ype Emissio(np)ControIs N R? Adj. R? p '\;t;; ec:f
26 (10967377939) ?(5.()1080309(; - '(B'_%‘;‘;S' - (10'.546006678) 18 | 0.3475 | 02077 | 0.1033
07 (101.6038032?3 21691070808(; ) ?6.20540306(; ) ; 18 | 03134 | 02218 | 0.0596
-8 56?263326119) ?692030508(; ] ] ] (%863‘13; 18 | 0.1045 | -0.0149 | 0.4370
29 ?(5?2353333?3 ?692020306(; ] - - - 18 | 0.0911 | 0.0343 | 0.2236

YET



20 (10%905:1796‘; ] (16'75689730“3 _(%.?(’)9125)1 i (1&9522433) 18 | 02725 | 0.1166 | 0.2032
a1 (10%1073375; ] (16952458803; ( g-'éié‘g ] ] 18 | 0.2414 | 0.1403 | 0.1259
- %?06306415) ] ?621806863; ] i _((())'.86%?)3 18 | 0.0148 | -0.1165 | 0.8940
33 (80.%92%556) . (00-.19856665(; ] - - 18 | 0.0002 | -0.0623 | 0.9565
y (1046707195% ] ] (g%ig;? ] (1(52610968% 18 | 02564 | 0.1573 | 0.1084
2 (105.60081303) ] ] '(%%54%3‘;’ ] - 18 | 02223 | 0.1737 | 0.0482
2 (96%6131699) ] ] ] i (%86323; 18 | 0.0134 | -0.0482 | 0.6468
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;t;; ecif

38 (86.606366677) ] ] (26§26560657) ] - 6 | 03107 | 0.1383 | 0.2505
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant VEhI(E:)e) Year Engine Year Vehlc(Is)Type Fueé{;l;ype Emlssm(np;:ontrols N R?2 Adj. R? p I\;tgg ecif
10 (16.1;32885 (202.-0305;3701) ] ] ] _(%)L.ldggi? 9 | 07207 | 06276 | 0.0218
41 (9()'.237073748) 56?5313337?3 . . - - 9 | 0.0633 | -0.0705 | 0.5137
o ?(5?36868627) ] 23056030309(; ] i '(%%%3%’ 9 | 05611 | 0.4148 | 0.0845
43 (10{.06860667) ) -(%-_59%(;%()) ) - - 9 | 0.0023 | -0.1402 | 0.9025
1 (5826868627) ] ] ] '(%%ggg()’ (202. &03030) 9 | 05611 | 04148 | 0.0845
e (10%6263627) ] ] ] (%9191%2()) ; 9 | 00841 | -0.0467 | 0.4491
46 15.4744 - - - - -0.88462 9 | 00134 | -0.1276 | 0.7671

GET



‘ (0.0581)

(0.7671)

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R2 Adj. R? p I\;t:(; ecif
18 (%éﬁé%%f; 36.101515853; ] ] ] (1(5?11622967) 05671 | 04228 | 0.0811
49 (26.34?481115) 369027795; i - - - 0.3843 | 0.2964 0.0749
5 (%é?;%gi ] (36%1515853; ] ] (1(5.511622967) 05671 | 0.4228 | 0.0811
51 (26.35481115) ) (36902779% ) - - 0.3843 | 0.2964 | 0.0749
o (36.22993018(; ] ] ] 36?09260515) ?6.372273589) 0.6829 | 05772 | 0.0319
5 (46.106266647) ] ] ] (96?03036363; - 06757 | 0.6293 | 0.0066
o (36951093412) ] ] ] ] (10422823323) 0.1618 | 0.0420 | 0.2832

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehlczlpe) Year Engine Year Vehlc(ls)Type Fuezp;l)'ype Em'SS'O(np;: ontrols R? Adj. R? pl\jtci; ecif
56 (10().6570003()) (—gfgfg) ] ] ] 36.255306002 0.4470 | 00784 | 0.4112
57 (Sid4014€1607) (-3-27 15(())8) . . - - 0.3575 | 0.1969 | 0.2100
£g (g:gggg) ) (-02_23;320(?) ] - - 0.1356 | -0.0805 | 0.4726
59 (g:gggg) ] ] ] ] ('ﬁ’;’gg) 0.1356 | -0.0805 | 0.4726

9¢T



Table 38. Results from the Models with NOx Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(Is)Type Fueé;)’ype I?:TEI]EEEI): N R? Adj. R? pl\ztc?c; ecif
0 (109361070‘; -(?6?6%%%3 ] ((7)22%‘1;5)’ ] (%g?égg‘;’ 24 | 07134 | 06704 0.0000
1 (1093610607) (?600?)%?5 ] (g?ggg; - ; 24 | 07129 | 0.6856 0.0000
o ?0%1070501) (%802%)65)9 ] ] i (%i%% 24 | 06943 | 0.6652 | 0.00000
13 ?0%500000(; (3())00?)2(3):(35 ) - - - 24 0.6870 | 0.6728 0.00000
" ?0?64000800) ] _(:c%).zc')%%%()) (‘(‘)ggg i 36}30363348) 24 | 08018 | 0.7720 |  0.0000
15 (90%1090207) . '(?5‘_’(5%)?5?5 '(%-E‘é‘é%c)’ - - 24 | 07920 | 0.7722 0.0000
6 (806.'02000101) ] -(?6?6%‘8%);1 ] ) (26.144730800) 24 | 07943 | 0.7747 0.0000
17 (807.'08040105; ) -(%%%gg ; - - 24 | 07890 | 0.7794 0.0000
w | 2o | oum | oose | man | % | 042 | osse | oors
19 (701.66010101) ] ] (22632‘;; (%10%3 ; 24 | 04396 | 0.3862 0.0023
20 (70%5050506) ] ] ?6264753;12) ) _(%).165291231 24 | 02462 | 01744 0.0514
)1 (607.67010503 ] ] ] (23021‘;215)’ (%95222? 24 | 04230 | 03681 | 0.0031

LET



2 (50%2090137) ] . (giggg ] ; 24 0.0259 | -0.0184 0.4525

’3 (60%904040“; ] . ) '(g'l(-)%g? ] 24 | 04137 | 03871 0.0007

o (701.60000202) ] ] ] ] _(%).1612%5 24 | 02460 | 02117 0.0137
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(Is)Type Fueé;)’ype Emissio(np)ControIs N R? Adj. R? p I\zt;;\; ecif
26 (1098610102; (?600?)32()) ] ((1)227156333 ) (00-?85701482) 18 | 05376 | 0.4385 | 0.0110
07 (1098620708) (?600?)22()) ) ((1)112323 ) ; 18 | 05367 | 0.4749 | 0.0031
28 (90%2010509) (?600%3(;()) ] i i (%%%%9 18 | 0.4823 | 04133 | 0.0072
2 (90%4040404S -(3(’)%3(1%()) ] ] ) ; 18 | 0.4665 | 0.4331 | 0.0018
20 502.67040302) ] -(%%%gi? (% -_05122 ; i (26.267023251) 18 | 0.6853 | 0.6179 | 0.0008
31 (90%0070205; ] -(?6‘-56%%‘;()) (%2;;3; - - 18 | 0.6790 | 0.6362 | 0.0002
- (90%0050502) ] -(g?(-)%%i? ] i (0(;?831545;) 18 | 0.6768 | 0.6338 | 0.0002
33 (90%8090407) . _(?5.76%%)%!)3 ) ; - 18 | 0.6756 | 0.6553 | 0.0000
" (70%6010214; ] ] -((1)_23-22‘5 ] (0(5?9500;02) 18 | 0.0711 | -0.0527 | 05751
3 Zo§6707071€3) i ) (%)12883% ) ; 18 | 0.0702 | 00121 | 0.2879
35 (607.67010509) ] ] ] i (%9651132? 18 | 0.0159 | -0.0456 | 0.6183

Models for CNG Fuel Trucks-E~f(VT) [37]
Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? p I\Z?(; :If
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38 (20.910203040) . ) (()626160677) ) ; 0.1739 | -0.0326 | 0.4107
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehlcé:)e) Year Engine Year Vehlc(IF()e)Type Fuezi;l)'ype Em|55|o(np)Contr0Is R2 Adj. R? p I\;t:é ecif
10 ?0%1070006‘; (6(3)2521%5)3 ] ] ] '(%)ﬁg%‘;’ 0.9344 | 09125 | 0.0003
a1 (1098610706) _(?6.26((5)335)3 i - - - 0.8173 | 0.7912 0.0008
" (10936303033 ] (gzoggg()) ] ] (201.56768617) 0.9574 | 09432 | 0.0001
43 (90%2030801) ) (?)20(53%?5 ) - - 0.9509 | 0.9439 | 0.0000
i (100 36303033 ] ] i (602.6090207(; (‘(‘)Oog?éi‘;’ 0.9574 | 09432 | 0.0001
45 (801.61060607) ] ] ] (290%)??; - 0.8014 | 0.7730 | 0.0011
16 ?0%1070905) ] ] ] ] (%302‘&? 0.9290 | 09189 | 0.0000

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehli:)e) Year Engine Year Vehlc(Is)Type Fuezi;l;ype Emlssm(npg:ontrols R2 Adj. R? p I\;tc?cg ecif
i (80%5117163) _(%.26111%;)3 ] . ] (1(#842793033 0.6890 | 0.5854 | 0.0301
49 (903?.01040881) -(%?(-)%ég i . - - 0.6864 | 0.6416 0.0058
o (808.'0511716?3 ] -(?6.26111%)? ] ] (1(5%842793033 0.6890 | 05854 | 0.0301
£1 (903?.01040881) . -(?6.26%)%?5 ) ; - 0.6864 | 0.6416 | 0.0058
5 (30%0558117) ] ] ] '(%_76‘;%%5)3 (10? é2195321) 04361 | 0.2481 | 0.1793
e3 507.6510200(; ] ] ] (g“lllgg - 0.3233 | 02266 | 0.1102
54 32.0201 - - - - 2.38350 0.0071 | -0.1347 | 0.8286
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(0.4163) ‘

(0.8286)

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R2 Adj. R? p I\;t:(; ecif
56 (g%ggg) (g:gggg) ] ] ] (_c?.%g;f) 09718 | 09529 | 0.0047
57 (803?.04015617) _(%(.)626?)2()) i - - - 0.6282 | 0.5352 0.0601
cg (70%7050000) i _(?6.263662()) ) - - 0.9594 | 0.9492 | 0.0006
59 (70%705000(; ] ] i i (%20%2()’ 0.9504 | 0.9492 | 0.0006

Table 39. Results from the Models with PM Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(ls)Type Fuezp;l)'ype E:?%EE:)(I)Q N R? Adj. R? pl\ztci; ecif
o o | o || g | | oy | = |oow own | ow
1 (16?0505020% (%g%%g()) ) (%%12133 - - 24 0.6499 | 0.6165 0.0000
o (10'.40308095; -(%Z)%)%g? ] ] ] 56.10433;5% 24 | 07197 | 06930 0.0000
13 (1(5?04040107) -(%-.g%%%()) . - - - 24 0.6497 | 0.6338 0.0000
" (1(5.109020306) ] -(%-_23(’)%%? (%%ggg‘)’ i 2)6.203035197) 24 | 07182 | 06759 |  0.0000
15 (16.205010206) ] -(%-33(’)3(’)%)()) (00-?5777577‘; - - 24 | 05844 | 0.5448 0.0001
16 (1(5.105010307) ] -(%-_B%%‘(‘S ] i 2)6.2020(11857) 24 | 07152 | 0.6881 0.0000
17 (16.302000308) ) (%%%gg - - - 24 05780 | 0.5588 0.0000
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o | G : Os7s2 | ot | (oazss) | 2 | 0243 | 00%6s | o1re2
19 ?().?06014121) ] ] (%ggg (%%2%%? : 24 | 01888 | 0.1116 0.1111
20 2)..70619;33; ] ] (00-?75975798) ] _((())',(:)393512? 24 | 00368 | -0.0549 | 06745
o1 36.704026108) ) ] i '(é-_%izg‘)‘ ?638941338) 24 | 02072 | 01317 | 0.0873
” ?0.%52155633 ] ] (?)315% ; ; 24 | 00001 | -0.0453 0.9574
’3 ?0.%5000010) ] ] ) (%%223? : 24 | 01887 | 0.1518 0.0339
” ?0.%0085110) ] ] i i (%%g%g‘;’ 24 | 00337 | 00103 | 03908

Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitélpe) Year Engine Year Vehic(l;)a)Type Fuezp;l)'ype Emissio(np;:ontrols N R? Adj. R? p I\zt;; ecif
26 (1(5.701090207) -(%%gg()) ] (‘3)23052? ] ?&13921323) 18 | 07178 | 06573 | 0.0004
”7 (16.70405000(; -(%-.%Bg()) ) (%(;11712()’ ) - 18 | 06798 | 0.6371 | 0.0002
" (10.%1090608) (%%g%c)) . ] ) (069380%338) 18 | 0.7024 | 0.6627 | 0.0001
29 (16.70207050(; _(%_%Z)g()) . . - - 18 | 0.6795 | 0.6595 0.0000
20 (1(5.2060704043 ] _(%'.%%)5591; (00-_082797876) ] ((’6}1617163 18 | 07057 | 0.6427 | 0.0005
a1 (16.20901070% . -(%-.%%%33 (06.22047012(; ; - 18 | 0.6449 | 05976 | 0.0004
2 (16.20803025; ] (%%éggf; ] i 35,107463141) 18 | 0.7052 | 0.6659 | 0.0001
33 (10.406000109) . (%%‘8‘8811)3 ) ; - 18 | 0.6095 | 05851 | 0.0001
9y 56?04219147) ] ] '(%-éi%i? ] ?&3523323) 18 | 0.0383 | -00899 | 0.7461
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35 2).?06272550) ] ] '(%-'ggi()) ) - 18 | 0.0003 | -0.0622 | 0.9484
" 2)..704126178) ] ] ] ] (0695%358) 18 | 00228 | -0.0382 | 0.5495
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(ls)Type Fueh;l;ype Em|55|o(np)Contr0Is N R2 Adj. R? p I\;t:(; ecif

38 ?(5901103020) i ) (00-_030713697) ) - 6 | 0.2000 | 0.000 | 0.3739
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(ls)Type Fueép;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;tg\é ecif
0 (10..705002657) (%%ggg ] ] i ?(5.1418877388) 9 | 0.7254 | 06339 | 0.0207
a1 (16.604061517) (%%%)igi i . - - 9 | 0.7004 | 0.6576 0.0049
" (16%0060607) ] (g%é%%()) ] ] 36?030303135 9 | 09738 | 09651 | 0.0000
43 (16.30001491(; . (%%11316)3 ) ; - 9 | 05658 | 0.5038 | 0.0194
s (16?00060607) ) ] ] (56%1000000) (%) Z,Z,%%; o | 09738 | 2951 | 00000
45 26?01381323) ] ] ] '(%-91%2?;;’ - 9 | 02517 | 0.1448 | 0.1688
40 (1()..109038917) ] ] ] ] '(%'%gg? 9 | 04776 | 04030 | 0.0392

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R?2 Adj. R? p '\zt:; ec:f
48 26?03986156) -(%-%%’% ] ] ] 2)6.206338970) 9 | 08304 | 0.7739 | 0.0049
49 (10.%8033611) -(%-.gff(l)lz; . . - - 9 | 0.6340 | 0.5817 0.0102
o 36.803986156) ] (%239356; ] ) ?(5.20633897()) 9 | 0.8304 | 0.7739 | 0.0049
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51 (10.%8033611) . -(%-85135 ) - - 0.6340 | 05817 | 0.0102

o (%gzlgg ] ] ] (%)?)223? (06%02242488) 0.6799 | 05732 | 0.0328

e3 ?6%863039?3 ] ] _ '(%-Z%g‘)) - 01869 | 0.0707 | 0.2452

o (%zgsgggf ] ] ] ] ?(5.218926542) 0.2255 | 0.1149 | 0.1964
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fueé;)’ype Em'SS'O(np)C ontrols R? Adj. R? pl\ztc?c; ecif
55 (16.2042()201(; (%2532%()) ] ] ] (%i%g()’ 0.7598 | 0.5997 | 0.1177
- (16.304005893) -(%.3933()) . ] ] - 06991 | 06238 | 0.0381
i (1690905;103(; ) (%%égg? ) ; - 07179 | 0.6474 | 0.0332
59 (16.00905403(; ] ] ] ] (%géggg’ 0.7179 | 06474 | 0.0332

evt
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Table 40. Results from the Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(Is)Type Fueé;)’ype %?i]zzgl)g N R? Adj. R? pnztci;;f
10| om0 | (ooese) : Jasts C 3B | w | omw | osws | oo
11 (8,236581) (8_201(5;% - ('g_ 72255) - - 24 | 03260 | 0.2618 0.0159
12| orn | (0.0509) : : : (o260 | 24 | oswo | oz2sie | ooues
13 (3,7705(255) ((8)908532) - - - . 24 | 02770 | 02441 0.0082
1 (©0.1647) ] ©0718) ©0.052) ' Olees | 20 | 04300 | 0345 | 00003
15 (8?1713;) - (g.logd;?t) (8.115182) - - 24 | 03676 | 03073 | 0.0081
16 (Séezﬁ) - (8_1035%(;) - - (éi‘r’égg) 24 | 03087 | 02429 | 0.0207
17 (39452583) - (3%%22) - - - 24 | 02883 | 0.2559 0.0068
18 (10932'3137) - - ('5‘_ %823) (302_88'1326) (0182266) 24 | 06063 | 05473 | 0.0003
19 (1018?5116) - - ('g_ iéssg) (302:8364053 . 24 | 06062 | 05687 | 00001
20 (101,(7)2626% - - (ggjgg’) - (8?07638) 24 | 03270 | 02629 | 0.0156
21 (3,200552) - - - (305_886638) (32238) 24 | 05732 | 05326 | 0.0001
22 (10?(1)84602) - - ('g_ 23178;) - : 24 | 00401 | -0.0035 | 0.3479
23 (3,700333) - - - (302.836405) . 24 | 05661 | 05464 | 0.0000

124"



24 (8?2972‘71) - - - - (géolégi) 24 | 01865 | 0149 | 0.0351
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R Adj. R2 | P h;?(; ecif
26 (8?07523) (3_144528) - (3?;5'23) - ('&gligg) 18 | 0.1680 | -0.0103 | 0.4465
27 (8,411622) (o?gfgso) - (01_850015) - - 18 | 0.0255 | -0.1044 | 0.8240
28 00170) | (0o : : : 02953 18 | 01141 | -0.0040 | 04031
29 (8?083'6133) (0?2'32111) - - - - 18 | 0.0250 | -0.0360 | 0.5311
30 (8%023'8%) ) (07.%213557) (g.lsoégg) ) (_01, %18 17) 18 | 0.1462 | -0.0367 | 05146
31 (8,202412) - (04%51710) (01_5;5%155) - - 18 | 0.0056 | -0.1270 | 0.9587
32 (S%Oo'%) - (08_252886) - - (332228367) 18 | 0.0999 | -0.0201 | 0.4540
33 (8?02633) - (0?'73262) - - - 18 | 0.0054 | -0.0568 | 0.7722
34 (géooigi) - - (3_23543% - ('&igfg) 18 | 0.1328 | 0.0171 | 0.3536
3 (8%04252‘11) - - (02_35%68) - - 18 | 0.0011 | -0.0614 | 0.8978
36 (g.zoodgg) - - - - ('&122'&9) 18 | 0.0784 | 0.0208 | 0.2603

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|SS|o(np)Contr0Is N R Adj. R? p Gﬁ; ;f

38 502,85'2855) - - (§3f§3i§ - - 6 | 03791 | 02239 | 0.1931

Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p h;?(; ecif
40 (3%052‘2’) (_61_ 9}%‘;5‘) - - - (105.‘11259; 0.6527 | 05369 | 0.0419
4 (_07,%%'5252) (106_82'7853; - - - . 0.4838 | 04100 | 0.0375
42 (8?505'573?) - '(?,f‘fggﬂ - - 230922;585‘; 07193 | 0.6258 | 0.0221
43 (-02.?371'67;) - (1o§82é495) - - - 0.6027 | 05460 | 0.0139
43 (8?50557;?) - - - ?O‘%gggf) (3572313) 07193 | 06258 | 0.0221
45 (39525% - - - ?:ggff; - 0.7146 | 06738 | 0.0041
46 (01259625?) - - - - (102.389806) 0.6466 | 05962 | 0.0090

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(np;:ontrols R? Adj. R? p I\zt;; ecif
48 (_01,88%5% (8_3154?;) - - - ((1)?65332) 0.3294 | 01059 | 0.3016
49 (3?714(?32) (8_2182'22) - - - . 0.3007 | 0.2008 | 0.1264
>0 (_01,882'891) - (8?154352;) - - ((1).2653;(8)2) 03294 | 01059 | 0.3016
> (0.465) ] (0.1754) : . - 03007 | 0.2008 | 0.1264
52 (3?1335;2) - - - (203?88'565(; ('&g‘éff) 0.7541 | 06721 | 0.0149
53 (3,51‘2231) - - - (201_38;112(; . 0.7124 | 06713 | 0.0042
>4 (2,2452'%) - - - - (é%gg) 00211 | -01188 | 0.7095

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

vt



Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p I\;gaé ecif
56 (g%%gg) (89531'82) - - - ('&77‘;'23% 0.3776 | -0.0373 | 0.4910
57 (8%61'%) (3.7291'82) - - - - 0.3569 | 0.1961 0.2105
58 (10933635‘; - (3?269';2) - - - 0.2677 | 0.0846 0.2932
59 (109386351 : i i i (ggég) 0.2677 | 0.0846 | 0.2932

Table 41. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

cunion | o [ o | e [ vt [rotive | Sy [ [ | g
© | oy | (137 ; (06709) | oeere) | 2 | o2 | 000 | 02583
11 ff;égogl) (30?82685‘; i (0757}3;;) : : 24 | 01718 | 00930 | 0.1381
12 (3()?239578) (3023(7);9?; - - - (8%816(1)2) 24 0.1706 | 0.0916 0.1403
13 ?01.22686?; (305.34216775) - - - - 24 0.1680 | 0.1302 0.0467
14 (609?(2);1018) - (30532638(; - ((1)%922'38) 24 0.2079 | 0.0891 0.1892
15 2509235286) - (30‘5_3‘21§462) - - 24 0.2075 | 0.1321 0.0869
16 50923507(; - (306_8?'3287) - - ('&32'24;’) 24 0.1956 | 0.1190 0.1018
17 ?09126618) ; (305_326875; : i : 24 | 01952 | 01586 | 0.0307
v | mE | e e | e | | owee | o | ows
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19 Zoz,égglgl) - - ('5_58?6'7426) 1(890000525) - 24 | 02879 | 0.2201 | 0.0283

20 ?03?82'7210) - - '(g_;éfl'%? - (10?‘11'3'5133 24 | 00794 | 00082 | 04194

21 ?oo,gibof) - - - 1(8902182'25) '(%)lljfz'ﬁ 24 | 03061 | 0.2400 | 0.0216

22 1(84060453? - - ('05_22'24% - - 24 | 00021 | -0.0433 | 0.8327

23 ?fﬁSfos) - - - 1(8900007'%) - 24 | 02858 | 02533 | 0.0071

24 (7098597;; - - - - (104229011) 24 | 00599 | 00172 | 02491
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitélpe) Year Engine Year Vehic(ls)Type Fueép;l)'ype Emissio(np)ControIs N R? Adj. R? | P I\;tg\é ecif
26 505.229296) (10123.1780) ) (202.45126217) - (%)826;8‘;(; 18 | 01045 | -0.0873 | 0.6596
27 50?112'58133 (8_16%12) - (3?902'53) - - 18 | 00159 | -0.1153 | 0.8868
28 foégé'zzlg (101_225943; : : : '(%)llggég‘)‘ 18 | 0.0686 | -0.0556 | 0.5867
29 (5053%868) (3_2642'22) - - - - 18 | 00152 | -0.0463 | 0.6255
30 (50?(2);5503) - (10‘21(155456) (10?2262353 : '(1)?243%233 18 | 01179 | -00711 | 06113
31 (5072(1)'218(; - (101_23'251% ((;‘_‘5572) - - 18 | 00228 | -01074 | 0.8408
2 | oo : (0.4055) - - B2 g | ooosa | 00me | oaso
33 ffg;‘g% - (109§Z§$ - - - 18 | 00228 | -0.0382 | 05495
34 foégégf) - - (202_22'388% - (%)7566436)3 18 | 0.0831 | -0.0392 | 05217
35 ?0?82'2302) - - (8_286522) - . 18 | 0.0011 | -0.0613 | 0.8955
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36 ?00235057) - - - - (J(')l;'g?g 18 | 0.0469 -0.0126 0.3878
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corgrs);ant Vehlcé:)e) Year Engine Year Vehlc(IF()e)Type Fuezi;l)'ype Emlssm(np)ControIs N R Adj. R? p I\;gaé ecif

38 2(39073635) - - (%33'5 4%? - - 6 0.0427 -0.196 0.6943
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corg;;ant Vehlczlpe) Year Engine Year Vehlc(I;)Type Fueé;)’ype Emlssm(np)ControIs N R?2 Adj. R? p I\;t&g ec:f
40 (102.22487‘; (%5(?;1%? . . . ?5?2'7081) 9 | 06227 | 04969 | 0.0537
4 (%55313()’ foégg'zloi . . . . 9 | 04384 | 03582 | 0.0520
42 06667 . 0.4078) : : 02819) 9 | 06563 | 05417 | 0.0406
43 (0 8950) . oot : : : 9 | 05762 | 05156 | 0.0177
43 06067 . : : oa0e) 09903 9 | 06563 | 05417 | 0.0406
45 (10?g2659% . . . 2(8%6088'15’ . 9 | 06559 | 06068 | 0.0081
46 (033;;;‘) - - - - (50??31'2783; 9 | 06109 | 05554 | 0.0128

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R? Adj. R? p '\zt:; ec:f
48 (%7757523‘)1 5’07_23'7418) - - - (10128'8932) 9 | 02539 | 0.0053 | 0.4153
49 (85887'13) 5’0(5_;85165) - - - - 9 | 02176 | 0.1059 | 0.2056
50 (%7757523‘)1 - (307_33'7418) - - (101.285932) 9 | 02539 | 0.0053 | 0.4153
51 (8?887'13) . (306_285165) . . . 9 | 02176 | 0.1059 | 0.2056
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52 (4072(5)10043 - - - %8808415225) (_3 %]égg) 9 0.5361 0.3815 0.0998

53 (2052262143 - - - %370920835) - 9 0.5206 0.4521 0.0282

54 ?02283385) - - - - 300222835) 9 0.0288 -0.1099 0.6623
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Corg;;ant Vehlczlpe) Year Engine Year Vehlc(I;)Type Fueé;)’ype Emlssm?p)Controls N R?2 Adj. R? p I\;t&g ec:f
56 1(89018242;) (%1;351‘3 - - - 1(83167%2;3 6 | 02025 | -0.3292 | 0.7122
57 1(3.1035%%) (10032392(; - - - - 6 0.0299 -0.2126 0.7432
58 1(8?03343;3;) . (105_22512) . . . 6 | 0.0896 | -0.1380 | 05644
59 1(3?03343;%) . . . . (203;2.4948) 6 | 0.0896 | -0.1380 | 05644

Table 42. Results from Models for HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?s;[ant Vehitz:oe) Year Engine Year Vehic(Is)Type Fueh;l)'ype E:TEI]EE(I)?Q N R? Adj. R? pl\zt;;;f
o | sl | mmm | | o w | e | own | oo
11 (%)071726?)2)) ?00(1)(2)2637) - (1032268653 - - 24 0.3762 0.3168 0.0070
12 (-(? 229751) ?053113(3 - - - (8_406632) 24 0.3737 0.3141 0.0073
13 (3?95?;;%) (5003?)138% - - - - 24 0.3639 0.3350 0.0018
w |gmm T aEml mn | o | w | oo | oo | oo
15 1194.18 - 4738.97 533.23 - - 24 0.3866 0.3281 0.0059
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(0.7042) (0.0019) (0.7958)
10 (105.2;137‘; ) ?06.88904% ) ) (3,492(533) 24 0.3850 0.3264 0.0061
17 (1062?'5118) - ?07_28'1926) - - - 24 0.3846 0.3566 | 0.0012
18 (307.‘2‘25231) - - (201_22'7030) 1(8?000%35’ ('gééé’% 24 0.3943 03034 | 00165
19 (30?22'15;; - - (105_326303; 1(3?06041'3? - 24 0.3850 0.3264 0.0061
20 (401.;35600) i i (Ol.géillo) i (201831733; 24 0.1456 0.0642 0.1916
2| oere) - : : oot30) | oseae | 2 03674 | 03071 | 0.0082
22 ?533961"; - - (105_2263333 - - 24 0.0181 -0.0265 | 0.5303
23 ?05?83'3828) - - - 1(3_206041'%) - 24 0.3669 0.3381 | 0.0017
2% | (o1vae) - : : : Ooesey | 2 01456 | 01068 | 00658
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehifz:;a) Year Engine Year Vehic(ls)Type Fueh;l)'ype Emissio(np)ControIs N R Adj. R? p h;?é e(:f
26 (205?234031) (30932535‘; - '(%)?’5’884%)? - (0.19'830) 18 0.2447 | 0.0829 | 0.2548
21 (20522'7116) (309325511) - '((1):_)’2963%;3 - - 18 0.2447 | 01440 | 0.1218
28 (107,;8'250(; (30982';% - - - ('33%09;’) 18 | 02278 | 01248 | 0.1439
29 (103722'28933 (309829372) - - - - 18 02199 | o171z | 90497
© | on | 0o | ©an | e 18 | oz2e07 | oars | 01755
31 ?oo.gitog; ) ?0%239897) _(%)?ggég‘; - - 18 0.2889 | 0.1941 | 0.0775
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2936.98 3232.71 -732.23
32 (0.2054) - (0.0412) - - (0.4851) 18 0.2507 0.1508 0.1148
2227.17 2978.67
33 (0.2712) - (0.0467) - - - 18 0.2251 0.1766 0.0467
5910.11 -1316.81 220.36
34 (0.0525) - - (0.6239) - (0.8752) 18 0.0179 -0.1130 0.8732
5952.96 -1078.09
35 (0.0430) - - (0.6143) - - 18 0.0162 -0.0452 0.6143
5094.87 -172.17
36 (0.0365) - - - - (0.8785) 18 0.0015 -0.0609 0.8785
Models for CNG Fuel Trucks-E~f(VT) [37]
. Constant | Vehicle Year . Vehicle Type | Fuel Type | Emission Controls 2 . o, | pstatof
Equation Engine Year N R Adj. R
i () () g (p) () (p) : Model
12224.00 6915.17
38 (0.1121) - - (0.1796) - - 6 0.3975 0.2469 0.1796
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]
. Constant | Vehicle Year . Vehicle Type | Fuel Type | Emission Controls ) . o, | pstatof
Equation Engine Year N R Adj. R
i () () g () () (p) : Model
-180.88 2958.11 809.26
40 (0.9240) (0.1777) - - - (0.5612) 9 0.8037 0.7383 0.0076
41 (-gs;%gg) ?00(3)(7)'1132) : : : : 9 0.7914 | 07615 | 0.0013
42 1685.80 ) 255.98 i i 255.98 255.98 255.98 255.98 255.98
(0.4170) (0.9801) (0.9801) (0.9801) | (0.9801) | (0.9801) | (0.9801)
43 1336.87 ) 3570.90 i i 3570.90 3570.90 | 3570.90 | 3570.90 | 3570.90
(0.4106) (0.0037) (0.0037) (0.0037) | (0.0037) | (0.0037) | (0.0037)
1685.80 -255.98 2698.55
43 (0.4170) - - - (0.9801) (0.3620) 9 0.7275 0.6367 0.0202
3035.08 9188.95
45 (0.0616) - - - (0.0060) - 9 0.6833 0.6381 0.0060
1715.34 2629.63
46 (0.2749) - - - - (0.0035) 9 0.7275 0.6885 0.0035
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]
. Constant | Vehicle Year . Vehicle Type | Fuel Type | Emission Controls ) . o, | pstatof
Equation Engine Year N R Adj. R
i () () g () () (p) : Model
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48 '(15223230 ?093%425) : : : (20?224517) 04893 | 03191 | 0.1332
49 _(f)?ffi:;()) ?07.8;'&5) : : : : 03716 | 0.2818 | 0.0814
50 '(15223230 - (60?3%‘25; : : (20?224517) 04893 | 03191 | 0.1332
51 '(%?76;31'?7’()) ; ?07_8%'1945) i i : 03716 | 0.2818 | 0.0814
52 (10%'7411) i i i 2(8?0402655) (02258?% 0.7585 | 0.6780 | 0.0141
53 (3778322) i i i 2(8%70522;) : 0.7577 | 07230 | 0.0023
54 (3283"7"% i i i i (207.28'776?; 00998 | -0.0288 | 0.4076
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Cor(w;;[ant Vehltéls) Year Engine Year Vehlc(lrt)e)Type Fuezp;l)'ype Emlssm(np)Controls R? Adj. R? p I\;t;; ecif
56 (809.%995(; (34220426)5 : : : 1(8?18993;8;) 0.6955 | 04926 | 0.1680
57 ?0512'3626) ?Oé‘l"gg;; : : : : 04116 | 0.2645 | 0.1607
58 (50723'2487) ; (40?336198) : : : 0.6094 | 05118 | 0.0669
59 (50723'2487) ; : : : (704.326296) 0.6094 | 05118 | 0.0669

Table 43. Results from the Models for NOx Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?s;ant Vehi(EIpe) Year Engine Year Vehic(l;)e)Type Fuezr;l)'ype EC?EEEL?Q N R? Adj. R? pl\jgié;f

RN AT
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1 (709235318) (—33%;951) ) ((_35.3915'22) ; ; 24 | 00298 | -0.0626 0.7280
o ?09886678) (03.3-7‘;03) ] ] ] (%ngzg 24 | 01310 | 00482 0.2289
13 (70?%281-1580) (—332-128) . . - - 24 0.0297 | -0.0144 0.4210
Py (805%8.1878) ] (_03.%%?% (g?slégg) ] _(%).ngig 24 | 01470 | 0.0191 0.3537
15 (80988-2578) ] ((1)227207(55 (é?glz-;g) - - 24 | 00690 | -0.0197 | 0.4721
16 (9018868233 ] (-03.572-9845) ] i i%),lzzfg'g 24 | 01346 | 00522 | 0.2191
17 (802.886231 . ((1)2§f63; ] - - 24 | 00686 | 0.0262 0.2164
o [Smel | SRl Smn om0 | | eos | ows
19 (60%86539) ] ] (013;2511) ((1)076513;)’ . 24 | 00056 | -0.0891 | 0.9428
20 (8038(1)6697) ] ] (8_0537-23) ] '(%‘,‘3724‘5‘)‘ 24 | 01444 | 00629 0.1945
21 (901.?)?)691‘; ] ] ] Z‘OZ_Z%ZO) _(%)?(?27'%? 24 | 01794 | 0.1012 0.1255
2 (6058(1);1031) ] ) (332571) ] ; 24 0.0003 | -0.0451 0.9337
’3 ?0(5.336338) ] . ] '(%)(_’763252()) ] 24 | 00053 | -0.0399 0.7359
o (80?886117) ] ] ] i _(%).Zggégi 24 | 01310 | 0.0915 0.0823
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation CO?S;ant VEhi(EIpe) Year Engine Year Vehic(l;)e)Type Fuezr;l)'ype Emission)Controls N R? Adj R? | P I\Z?(; :If
2 (707.(7)2.79093 (gg%gf) ] (307.%6232) i (36001343()) 18 | 03353 | 01929 | 0.1161
”7 (705(2)26506) (élésgos;()) ) (8.1851-2471) ; - 18 | 0.0331 | -0.0958 | 0.7770
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28 1(8909061.171? (—335‘)4;-173 ] ] ] '(%fgsgé‘f; 18 | 0.2054 | 00994 | 0.1783
29 2309336547) (tljgsg)i . . - - 18 | 0.0295 | -0.0312 | 0.4956
20 (707.836675) ] '(ggji‘f; ?01'35-3602) ] (%832351‘;’ 18 | 03848 | 02530 | 0.0710
a1 (70{8%395) . ((2)11598755; (101_2357; ) - 18 | 0.1101 | -0.0086 | 0.4170
- 1(8.100010.2;) ] ((1)3?5’3382? ] i (%)7122615 18 | 0.2316 | 01202 | 0.1386
33 (80438.112% . ((1)9;37‘(‘3 ] - - 18 | 0.0936 | 0.0369 | 0.2170
y (60%‘11'1905) ] ] (307ﬁ-1395; ; (%007 1982:)3 18 | 03190 | 02282 | 0.0561
35 (602.82-7165) ] ) (3_189452) ] - 18 | 0.0024 | -0.0600 | 0.8474
2 ?0188&% ] ] ] i (égg%%? 18 | 0.1894 | 0.1388 | 0.0710
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant VEhI(E:)e) Year Engine Year Vehlc(Is)Type Fueé{;l;ype Emlssm(np;:ontrols N R?2 Adj. R? p I\;tgg ecif

38 ?08.826187) i ] (%)2251(;? ) ; 6 | 0.1250 | -0.0937 | 0.4917
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fueh;l;ype Em|53|o(np)Contr0Is N R? Adj. R? p I\;t:; ec:f
10 (10722500?3 (207.2%13?; . ] ] ('3%%'3218) 9 | 01878 | -0.0829 | 05358
41 (20222&?3 (10425133% . . - - 9 | 0.1629 | 0.0433 0.2813
1 ?0622% ] -(182%1-27) 0 ] i (801.1212'2333; 9 | 01609 | -0.1189 | 0.5909
43 (304129761) . (8157-23) ) ; - 9 | 0.0747 | -0.0575 | 0.4768
43 4639.04 - - - 10087.70 -1965.40 9 | 01609 | -0.1189 | 0.5909
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(0.1444) (0.5012) (0.6332)
45 (30%2634‘; ] ] ] ?02'(3)29852) - 0.1255 | 0.0006 | 0.3495
45 (30412.1022; ] ] ] ] ((7)303'33) 0.0893 | -0.0408 | 0.4348
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(Is)Type Fueh;l;ype Em|55|o(np)Contr0Is R? Adj. R? p I\;tci; ec:f
48 1(8.118761.85) (_33}2'9175) ] ] ] '(%)‘.‘;;‘fé? 0.1427 | -0.1431 | 0.6302
49 (50{;12;140(; (—332-7585) . . - - 0.0110 | -0.1302 | 0.7878
50 1(8.11876ig;) ] (5379535) ] ) (%)4;;‘435)’ 0.1427 | -0.1431 | 0.6302
51 (50{;12440(; i (357‘;7585) ) - - 0.0110 | -0.1302 | 0.7878
5 ?oo.igise(; ] ] ] (201_%-1062) é@fﬁ? 0.1493 | -0.1342 | 0.6156
e3 210{513;1.7841) ] ] ] (0958%% - 0.0000 | -0.1428 | 0.9861
” (809.?%6915) ] . ] ) _(%)L.l??iig 0.1280 | 0.0034 | 0.3445

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fueé{;l;ype Emlssm(np)ControIs R?2 Adj. R? p I\;t:; ec:f
56 1(8,500152;;) (?21-1396) ] ] ] (%11518%;’ 0.7846 | 0.6411 | 0.0999
57 1(8102022? (3(’)1537%!)3 . . - - 0.5159 | 0.3949 0.1079
£g 1(8.20005i(7)§) i (362073?2?)5 ) ; - 0.7198 | 0.6497 | 0.0327
5 1(8.20005i(7);) ] ] ] i '(‘é?ggz'%‘)‘ 0.7198 | 0.6497 | 0.0327
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Table 44. Results from Models with PM Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corgrs);ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueh;l;ype Co?;;ols N R? Adj. R? pl\;t;;;f
10 (g?ooigg) (0826923) ) (0%9'70857) - (572025') 24 | 02208 | 01143 | 0.1481
11 (3_7001'52) (_01, ‘3%5’15) - (6_252'7151) - - 24 | 01626 | 0.0828 0.1552
12 (89040?) (5,9552) - - - ((')%ié) 24 | 02267 | 0.1530 0.0673
13 (3%0862% (_01_ ?)%r,';% - - - - 24 | 01605 | 0.1224 0.0524
14 (3?’011'33) - (6_73%%%,) (04%6353) - (0725333) 24 | 02184 | 0.1012 0.1684
15 (39041'23) - (g%%&f) (o_.%aglg) i i 24 | 01606 | 00806 | 0.1592
16 (3?090;1) : (6_7363'32) : : (0627581;) 24 | 02126 | 01376 | 0.0813
17 (3_003(523) - ('&_%%f; - . - 24 | 0.1606 | 0.1224 0.0523
18 (3?02152) ) ) (05.2i2872) (0?2'11123) (0121%)955) 24 | 01874 | 0.0655 0.2357
19 (3_104423) - - ((;?%2‘;) (.02222.1898) . 24 | 00737 | -0.0146 | 0.4478
20 (8?041'22) - - (042;13854) - ('&%3'223 24 | 01850 | 0.1074 0.1167
21 (3_107(523) - - - (02:3'3%158) ('&2‘1;22) 24 | 01770 | 00986 | 01294
22 (Sf‘ogggé) - - (6?’?7'2‘;) - - 24 | 00038 | -0.0415 | 0.7755
23 (3?041'(1)8) - - - (-5221.;398) . 24 | 00699 | 00276 | 02119

LST



24 (3%663% - : : : ('&%igg) 24 | 01767 | 01393 |  0.0408
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R Adj. R2 | P h;?(; ecif
26 (3?02333) (_01_ %20759) - (0?2'79614) - ('01_21‘;'52;) 18 | 02108 | 00416 | 0.3305
27 (3?02438) (_01_ 32;17) - (03860265) - : 18 | 01013 | -0.0185 | 0.4487
2 | ooose) | (02008 : : : (02043 18 | 01923 | 0.0846 | 02015
29 (3%071% (_01_ ;%7226) - - - . 18 | 0.0975 | 0.0411 | 0.2072
30 (3.20042(1)) - (52398;) (3_242;2) - (012%5’1% 18 | 0.1995 | 0.0280 | 0.3587
31 (390752;1) - (013;278;) (03535) - . 18 | 0.0979 | -0.0224 | 0.4619
32 (3?08623) - ('g_%%‘g) - - (('3266%) 18 | 01712 | 00607 | 0.2445
33 (39051'23) - ('3_3605’5) - - - 18 | 0.0978 | 0.0415 | 0.2063
34 (3?086'53) - - (09250348) - (3312375) 18 | 01332 | 00177 | 03421
35 (8?02932) - - (6?78422) - . 18 | 0.0067 | -0.0553 | 0.7461
36 (3%71'1‘3‘) - : : : (&%‘8532) 18 | 01151 | 00598 | 0.1683

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehi(EIpe) Year Engine Year Vehic(ls)Type Fuezr;;ype Emissio(np)ControIs N R Adj. R? p Gﬁ; ;f

38 (01,855655) - - (0_42';;1) - . 6 | 02842 | 01053 | 02761

Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p h;?(; ecif
40 (3,409583) (6_5(?7'22) - - - (('ffég) 0.3186 | 0.0915 | 0.3164
41 (3%33;‘51‘31) (65_3?2'3(;81) - - - - 0.3092 | 0.2105 | 0.1201
4 (8?07623) ] (3_23?% ] - (8_506533) 0.6620 | 05493 | 0.0386
43 (3?032}311) - ((_)?gégé) - - - 0.3569 | 0.2651 | 0.0893
43 (3,20764213) - - - (8_7094;1% ('g %é;l) 0.6620 | 0.5493 | 0.0386
45 (3%57'23) - - - (01‘;%;(% - 0.1472 | 00254 | 0.3080
% | 00510 : : : : (01203 02968 | 01964 | 0.1293

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(np;:ontrols R? Adj. R? p I\zt;; ecif
48 oosa) | L7 : : : (0.649%) 02970 | 0.0626 | 0.3474
49 (39062:2;) ((_)_ngii) - - - - 0.2702 | 0.1660 | 0.1514
50 (3?09523) - ((')_257'32) - - (0'2%18) 0.2970 | 0.0626 0.3474
>1 (39062:%) - ((_)_ng',gli) - - - 02702 | 01660 | 0.1514
52 (07;65051) - - - (64.151igg) (0-.%9'5}235) 0.0905 | -0.2127 | 0.7524
53 (oégis?e) - - - (g)f‘jgii) - 0.0899 | -0.0401 | 0.4331
5| 03296) : : : : 09155 00197 | -01203 | 0.7186

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p h;?(; ecif
> (1012;1@;758) (_06_ 3?3?75) - - - (39667'13) 0.3133 | -0.1445 | 0.5690
S (3902532) (_02_ %785‘) - - - - 0.2633 | 0.0791 | 0.2979
- (8%6932) - (_5_391'733) - - - 0.1694 | -0.0383 | 0.4175
59| 0.0590 . : : : 04175 01694 | -0.0383 | 04175
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OP Mode 1

Table 45. Results from the Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?rs);ant Vehic(:;a) Year Engine Year Vehic(IF()a)Type Fuesz)ype Ergg(l)c;: N R? Adj. R? pl\j?(;;f
0| loooon | (43i0) ; (0.5968) [ 0T s | oaes | ozas | oous
11 (28,107071'3;) ?06,225863; - (701_2865; - . 24 | 00613 | -0.0281 | 05144
12 5(8902015(15? '{éf‘f(?;%? - - - 1(8?’08071'29 24 | 04111 | 03550 | 0.0039
13 ?8?0508(5%) ?08_229239) - - - . 24 | 00399 | -0.0037 | 0.3493
14| 0o009) : 04%2) (0.6000) - ooz | 24 | 04189 | 03318 | 00w
15 %,20206(52;) : (70?;2'2909) 507?,22138) : : 24 | 00843 | 00020 | 0.3968
16| oo | Qaars) - e | omizs | oases | ooos
17 ?8,10700(53;) - (804 %98353 - - - 24 | 00707 | 00284 | 0.2093
© | oo | - ©ost | (008 | (oisss) | 2 | 0480 | 04053 | 00037
19 5(8206055(7);) - - (751 ;gff; %%30868? . 24 | 04275 | 03730 | 0.0029
20 %%708(;3;) - - (%658132? - 1(8_306071'2? 24 | 04006 | 0.3435 0.0046
21 %,5090353;) - - - %?08755;;? 2307_329507) 24 | 04821 | 04328 | 0.0010
22 7(8%7055(2);) - - (751 Z;'Zlog) - . 24 | 00238 | -0.0206 | 04720
23 628,70402585) - - - %_603080‘29 . 24 | 04037 | 03766 | 0.0008
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» 5(3.2050563? ] ] ) ] 1(3'705061-8;) 24 | 03957 | 0.3682 0.0010
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitz:)e) Year Engine Year Vehic(Ipe)Type Fue;;;ype Emissio(np)ControIs N R? Adj. R? p ,\Zt:é ecif
26 7(310604011);) %613(;%1176)0 . (101235230)0 ] 1(3203323;3;’ 18 | 0.4006 | 0.2721 | 0.0601
07 7(3.207040%) %52?1121)0 ) (205??89259) ] ; 18 | 0.1612 | 0.0494 | 0.2675
28| Too0c0) | (00509 : : : (0.0628) 18 | 0.3493 | 02626 | 0.0398
29 | 100060 | (01090, : : : : 18 | 01575 | 0104 | 01030
20 ?8.2020662? ] (1%%‘;52)0 (%7f333f1? ) 1(8.70237629 18 | 03853 | 0.2535 | 0.0707
31 7(8.6090405;) . (101%’55)0 503215065; ; - 18 | 01302 | 00143 | 0.3511
- ezglsoooodg;) ] -(13312-;0 ] ] 1((1)?04351-2;’ 18 | 0.3567 | 0.2709 | 0.0366
33 7(8.200016(7)? . -(18%%-62)0 ] - - 18 | 0.1150 | 0.0597 | 0.1686
" %%50665) ] ] -(1&22‘;1)0 ] 1((2)?02627-;‘;) 18 | 02070 | 01012 | 0.1756
35 %.20302(5;? ] ] (105%25118) ] - 18 | 0.0013 | -0.0611 | 0.8881
" 5(3?09036?? ] ] . ] ?07.586527) 18 | 01548 | 01020 | 0.1062

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?s;ant Vehlilg) Year Engine Year Vehlc(I;)Type Fuezr;;ype Em|SS|o(np)Contr0Is N R Adj. R? p njt)aé :If

38 1?07.8(7)8-7(;0 . ] 1(8_401712;;) ] ; 6 | 05940 | 0.4924 | 0.0728

Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]
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Equation Co?;;ant Vehitz:)e) Year Engine Year Vehic(Ipe)Type Fue;;;ype Emissio(np)ControIs R? Adj. R? p ,\Zt:é ecif
40 ?8,109005'3? }%‘,‘2552? - - - 1(8935736(%;) 0.2573 | 0.0098 | 0.4096
41 7(3903083;2;) ?0?21501% - - - - 0.1411 | 00184 | 03191
42 7(8?07083'8? ] _?05.%11%214)0 - - 18.7553773;) 02691 | 0.0255 | 0.3904
43 7(3,10505(53? - 1(8_320015233 - - - 02171 | 01052 | 02062
43 7(8?0708348;) - - - 1896112533 (‘525652% 02691 | 00255 | 0.3904
® 7(8?050053;) ] ) ] 3(8.11159635) - 0.2651 | 0.1602 | 0.1560
46 7(3,70804(52;) - - - - (70??2650‘; 02349 | 01257 | 0.860

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?s;[ant Vehlc(I:) Year Engine Year Vehlc(I:)Type Fue;;;ype Emlssm(np;:ontrols R? Adj. R? p '\:t(i; eolf
48 ?28?335515) 5532530? - - - 1(3909;7'2;) 0.3995 | 01993 | 0.2165
49 33?07117'%) ?05_%517?; - - - - 0.0147 | -0.1260 | 0.7557
0 | s | 06550 ; ; 008 03095 | 01993 | 02165
| oo | 07857 : : - 00147 | 01260 | 07567
52 ‘}3,519147'3? - - - %8_71823;11? 1((2).110933;‘215) 05928 | 04570 | 0.0675
53 %8?07001?;) - - - ?8?024188;) . 0.4471 | 03681 | 0.0489
“ | oaean | : : - 17903 40 oarra | 02885 | 00784

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Co?rs);ant Vehitz:)e) Year Engine Year Vehic(Ipe)Type Fue;;;ype Emissio(np)ControIs R? Adj. R | P ,\Zt:é ecif
56 128902098.;15) -(18%3-58)0 ] ] ] 1(8%4087'1;) 0.3349 | -0.1085 | 0.5424
57 189316563? _(?6.33?616%;1 . . - - 0.2099 | 0.0123 0.3609
£g LE8.5070112§) ] _(%956:6%()5 ] ] - 0.1006 | -0.1243 | 0.5403
59 428§O701i2;) ] ] ] ] (%Oé’fogf)’ 0.1006 | -0.1243 | 0.5403

Table 46. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehic(IF;a) Year Engine Year Vehic(Is)Type Fuezgype ET%EE:S: N R2 Adj. R p '\;g:lé eolf
N N I - R - R ) o
11 3(502.88860)0 ?(?312347)0 - fg 333'79)0 - - 24 | 02383 | 0.1658 0.0574
12 2?01.88860)0 1(%738075()’0 : : : 5(8_405022? 24 | 04758 | 04250 | 0.0011
13 3(20%3860)0 ?523215)0 - - - - 24 | 02189 | 0.1834 0.0211
Py 2(707.8836(;0 ] 1(%1028079())0 ?33%88)0 ) 7(8?08061-?1;) 24 | 04897 | 04132 | 0.0032
15 3(003333.1(;0 ] '?ﬁi%é’)o '?&5622%0 - - 24 | 01390 | 0.0570 0.2077
6 2(302838.1(;0 ] ?g?agigf%)o ) i %?0707525’ 24 | 04022 | 03453 |  0.0045
17 z?ofgcl)gbc;o ] ?J%;%S)O ; - - 24 0.1276 | 0.0880 0.0865
| 00| | o | Cemsy | ozee | 2| 0u2 | oo | ow

121



19 Z?Ofgéggo ] ] '?&3%%0 5(8209%‘? ] 24 | 00468 | -0.0440 0.6046

20 2(102,883'1(;0 ] ] '5(33232-26)0 ] 2(3,61671589 24 | 01067 | 00217 0.3057

21 1(707882'3(;0 - - - ?06'82'112% 1(3?4073952;) 24 | 00455 | -0.0454 0.6133

” 2210?888-2(;0 ] ) _?ol_i%?fgz)o ; ; 24 | 00249 | -0.0195 0.4619

’3 Z?O?ggg-lt;o ] ] ] 5(830889‘7‘;) . 24 | 00219 | -0.0225 | 0.4897

9y 1(707.3833(;0 ] ] ] i 2(8_639147-;‘? 24 | 00454 | 00020 | 03175
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Cor(w;;[ant Vehic;l:) Year Engine Year Vehic(I:)Type Fuei;;ype Emissio(np)ControIs N R? Adj. R? p '\:231; eolf
i 3?01.3(1)86())0 -1(451.1502(%())0 ] -?gi?é‘é-zl)o ] 3(8.103881-3;) 18 | 0.7159 | 0.6551 | 0.0004
”7 3(530{3883))0 -1(?)?53(;130 ) 1(3%%2? ) ; 18 | 0.6443 | 05969 | 0.0004
28 3(302.8386(;0 _1(3%5386())0 - - - 3;8?0190525’ 18 | 0.7045 | 0.6652 | 0.0001
29 3(60%(2)36(;0 -1(‘(1)(.)85&())0 . . i - 18 | 0.6413 | 0.6189 0.0001
20 2((50?383'2(;0 ] -1(%?3()137-())0 (%496599% i ‘Eg.zfooéi? 18 | 05889 | 05008 | 0.0050
31 2(701.838.2(;0 ] -1(%f1()18174())0 15.03%122'2? ] - 18 | 05024 | 04361 | 0.0053
- 2(605,838&)(;0 ] 1(3(;1010234())0 ] ] %%2515-2;’ 18 | 05888 | 05340 | 0.0013
33 3?0?(3;88&)(;0 ) 1(%)60307177())0 ] ; - 18 | 0.4706 | 0.4375 | 0.0017
" 1(590§gig.3(;0 ] ] ?g%%g;o ) 2(331324443;) 18 | 0.0395 | -0.0886 | 0.7394
35 2?0331125(;0 ] ] (8_193932) ] - 18 | 0.0000 | -0.0625 | 0.9902
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36 1(7073828(;0 - - - - %8850522;) 18 | 0.0273 -0.0335 0.5124
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltz:)e) Year Engine Year Vehlc(Ipe)Type Fue;;;ype Emlssm(np)ControIs N R? Adj. R? p ,\Zt:é ecif

38 3(508(7)3:;’7(;0 - - ?(()3 ?)]4.12;)0 - - 6 0.6685 0.5857 0.0469
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehlc(lr;a) Year Engine Year Vehlc(I;)Type Fuezgype Emlssm(np)ControIs N R Adj. R? p ,\Z?é eolf
w || e | ] e o | ose | ooer
41 3?01(7)2%6(;0 ?C} 3125123)0 i } - - 9 0.0193 -0.1207 0.7212
o [Cmmw | e | e o | o | o
43 2(30482220)0 - 2(8.766701.%) - - - 9 0.0273 -0.1117 0.6711
o || - || s o | oar | oo | oo
45 2(10%%'20)0 . . . 1(30?%?80 . 9 | 01345 | 00109 | 0.3316
46 25063224(;0 - - - - 2(855351 4;) 9 0.0497 -0.0861 0.5643

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;[ant Vehltz:ae) Year Engine Year Vehlc(I;)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R Adj. R? p l\jt)a(; eolf
o || e [ s e [ors | o | oo
49 3?01.(7)83'5(;0 '1(%(_)(?5?175())0 - - - - 9 | 04397 | 03597 | 0.0515
50 1(70?(1)‘213'7(;0 - ?07 %32’25)0 - - ?8.701401'25) 9 | 07353 | 0.6470 | 0.0186
51 3501.(7)835(;0 . 1(%055?175())0 . . . 9 | 04397 | 03507 | 00515
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5 _(101,%72(3;1)0 ] ] ] _1(2(.);2756())0 38%75653;) 04841 | 03121 | 01373

e3 2(20().3226(;0 ] ] ] '?61_%%242)0 - 00190 | -0.1211 | 0.7234

5 (%132236)3 ] ] ] ] %911;7'2;) 0.3276 | 02316 | 0.1073
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehlc(lr;a) Year Engine Year Vehlc(IF()a)Type Fuezgype Em|55|o?p)Controls R? Adj. R? p I\Z:)ac; eolf
56 Zfoz.gggé(;o ?(?36%)23)0 - - - ?g %ég)o 0.9281 | 08801 | 0.0193
57 22308.(})33.7(;0 ?33%%11)0 i - - - 0.8757 | 0.8446 0.0061
Eg 2510?888-3(;0 . ?8%3351)0 ] ; - 0.9200 | 0.9000 | 0.0025
59 25105?888-3(;0 ] ] ] ] 1(%1035255‘5’0 0.9200 | 09000 | 0.0025

Table 47. Results from the Models with HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

o | S [ 10 | e | e Lot [ S [ [ |
10 ?gf‘gfég;) ?08_‘5‘31602) : '(13;‘;3';’)0 : (700_22'262% 24 | 00864 | -0.0506 | 0.6036
1 7(83023;) 1(8?3013?;573;) ] (133?57821)0 ; ; 24 | 00689 | -00198 | 0.4727
o %%77463;) 1(3.144735%) ] ] ] (301?2'7253; 24 | 00487 | -00418 | 05917
13 52(7).106&(7)? 1(8.431231-33 . - - - 24 0.0447 | 0.0013 0.3214
Py 7(8?0513%) ] (%052877? %g;g%j)o i 1(820885%;’ 24 | 00723 | -0.0669 | 0.6738
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15 Ezg%%%gg ] (7093;46{;4) '(133%2-71)0 ; - 24 | 00358 | -0.0561 0.6822
16 6(8,308271'3? ] (S?g%gé) ] ] (607'22'2570) 24 | 00253 | -00675 | 0.7640
17 7(8?08037-2? _ 506_2?,4682) - ; - 24 0.0093 | -0.0358 0.6548
18 7(3.304191'85) - - '(1313%?)0 %8%%2? (30"3_33'2061) 24 | 00936 | -0.0424 0.5697
19 ?8.30900639 ] ] (1331%252)0 igézlzlié;) ; 24 | 0.0904 | 0.0037 0.3699
20 7(8.300039(1)? ] ] fgg‘i?gg)o } 1(8?24967-2? 24 | 00721 | -0.0163 | 0.4560
21 ?3?071862;) : : : ‘8%1391'%) (%)093;2% 24 | 00691 | -0.0196 | 04717
9 %909031.3;) . ] (1331?53;)0 ; - 24 | 00216 | -0.0228 0.4928
’3 %.206001'2;) ] ] ] ‘28?2111;;%? ; 24 | 00264 | 0.0687 0.2158
” 38?01152'2;) ] . ] ] (608_22-7599) 24 | 00253 | -0.0190 0.4579
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehic(:;e) Year Engine Year Vehic(l;)Type Fuesz)ype Emissio(np)ControIs N R Adj. R? p l\;:)a(; t;)If
o [ e | e |y e [we o o
”7 92(7;107128.25) (60?%%88‘; ) '?Jiigg‘)o ] - 18 | 0.1417 | 0.0273 | 0.3178
28 628§0489é(1);) ?06_2%293; ] ] ] éfgzllg 18 | 0.0040 | -0.1288 | 0.9702
29 %9045352? ?04219323; ] - ; - 18 | 0.0034 | -0.0589 | 0.8192
" 1?04(3;(1)29(;0 ] (%47072635 5(301815(9)331)0 ] 1(8.3374368;) 18 | 01928 | 0.0199 | 0.3763
31 1?O§ggg.7(;0 ] (%9g794if)3 ?gi‘égg)o ] - 18 | 01366 | 00214 | 0.3324
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75142.30

-9833.44

671.92

32 i _ 06259 ] ; (0.9623) 18 | 0.0166 | -0.1145 | 0.8819
33 7(8.7091363? ) (%65&3; - ; - 18 | 0.0165 | -0.0450 | 0.6118
" 1?01.33?15(;0 ] ] -?3%%72-3?)0 ] 1(37383‘;%;) 18 | 0.1880 | 0.0798 | 0.2097
3 1?0{8831)-3(;0 ] . '?07_2‘;-51)0 ) - 18 | 0.1351 | 0.0810 | 0.1335
2 ?3?0728639 ] ] ] ) (%)09331877; 18 | 0.0004 | -0.0621 | 09387

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Cor(w;;[ant Vehuzl:) Year Engine Year Vehlc(I:)Type Fuei;;ype Emlssm(np)Controls N R? Adj. R? p '\:?é eolf

38 7(8§071%471;) ] ] 3;3_609613;;;3 ] - 6 | 06175 | 05218 | 0.0639
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;[ant Vehlc(I:) Year Engine Year Vehlc(I:)Type Fue;;;ype Emlssm(np;:ontrols N R? Adj. R? p '\:t(i; eolf
10 1(8.2820%;623;) 1?048613613.20)0 ] ] ] ?gg%f)o 9 | 04690 | 02920 | 0.1497
41 fzgéglség;) 2(8959031-;? ] ] ; - 9 | 0.0670 | -0.0663 | 0.5012
2 %?fsié? ] 5(107.3‘116(;0 ] i '3(%911;&()’0 9 | 03247 | 00995 | 0.3080
43 1&?32? . (1;824102) ] : - 9 | 0.0003 | -0.1425 | 0.9640
13 giﬁég ] ] ] -5((1).735{16())0 1(30755280 9 | 03247 | 00995 | 0.3080
45 1(10§323.3(;0 ] ] ) '?07.%23;41)0 - 9 | 00288 | -0.1099 | 0.6624
40 1?07.8386(;0 ] ] ] i -(%9969?62; 9 | 00012 | -0.1415 | 0.9306

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]
Equation Co?;;ant Vehuzl;) Year Engine Year Vehlc(I:)Type Fuez;;ype Emlssme)Controls N R? Adj. R? p l\:tci; ecif
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48 ?01%378)0 2(8.11615455) ] ] ] 2&(1)70668429 05763 | 0.4350 | 0.0761
49 32227991.(1);) 2(3?21067-35) . . - - 0.2164 | 0.1045 0.2070
50 -%3@3.783)0 ] 2(8}161545;) ] i %370668429 0.5763 | 0.4350 | 0.0761
51 383927991.(1)5) ] 2(3?21067-333 ] ] - 0.2164 | 0.1045 | 0.2070
o 1(8?5615)4;25) ] ] ] %?02077-15) 1(8.1168%2;3 0.8188 | 0.7584 | 0.0060
e3 4;3308{352;) ] ] ] 1?()?835? - 0.7524 | 0.7170 | 0.0025
o 1(3576557.5135) ] ] ] ] 2(8?18012-233 0.3349 | 0.2399 | 0.1025
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
Equation Cor(w;;[ant Vehuzl:) Year Engine Year Vehlc(I:)Type Fue;;;ype Emlssm(np)Controls R? Adj. R? p '\:t;; eolf
56 7(8.7060153;) ?ggﬁégg)o ] ] i ig?l“g‘éf;’ 0.8306 | 0.7326 | 0.0643
57 ?8?03043;3;) -%g.%i22-79)0 . . - - 0.6825 | 0.6032 0.0427
eg 5(8%9111.%;) ) -(15‘156?-5’)0 ) : - 04237 | 0279 | 0.1615
o5 5(8?,09111.%;) ] ] ] ) '(13‘;862?)0 04237 | 02796 | 0.1615
Table 48. Results from Models with NOx Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]
Equation Co?;;ant Vehitzlpe) Year Engine Year Vehic(ls)Type Fuezr;l;ype i@i}g?g? N R2 Adj. R Pl\jgi('; eolf
0 9(207.8336(;0 -%g%)gg)o ] 1(8_587686;;) ] 3;8?59971-‘7‘? 24 | 04709 | 03915 0.0046
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11 9301,83880 _3(%_255014())0 - 15?63717;5) - - 24 | 04630 | 04119 | 0.0015
12 9?02,88860)0 'iﬁi‘?ﬁfgo - - - 3;(7)%50055;;) 24 | 04700 | 0419 | 0.0013
13 9(702,88(1)60)0 _3(%_15302;;,())0 - - - . 24 | 04585 | 04338 | 0.0003
14 7(707.83(1)'10)0 - '3((3)?’55’&())0 5(3_361148;%’ : ";3?3341%;;) 24 | 05070 | 04331 | 0.0023
15 7?0?83880 - 2(?)7501023?0 528?’3979935) i : 24 | 04804 | 04309 | 0.0010
16 | 00000, . 0003 : : (030vs) | 24 | 05007 | 0as32 | 0.0007
1 8(707,8885(;0 - 2((7)8355390 - - - 24 | 04605 | 04360 | 0.0003
© | oo | - : Osern) | (ooari) | (osea) | 24 | 02432 | 01296 | 01269
19 6?07,3(7)1'7(;0 - - 2(8?80385;’ 6(%3512989?0 - 24 | 0233 | 01606 | 0.0612
20 5(603.(7)322(;0 i ) 523_25638625) - ?g 8223'5?)0 24 0.0738 | -0.0144 0.4469
21 5(708,38‘1"30 - - - '7(%)?5’;;5?0 zt(2)§5189£§) 24 | 02431 | 01710 | 0.0537
22 4506,8189(;0 - - 2(8?8058623 - - 24 | 00017 | -0.0437 | 0.8502
23 6502,(7)336(;0 - - - '6(%:_)’(?12?2'())0 - 24 | 02319 | 01970 | 00172
2 6(202.38(13'1(;0 } - - - 8 gzg.g)o 24 | 00564 | 00135 | 0.2638
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehiczlpe) Year Engine Year Vehic(l;)e)Type Fueh;l;ype Emissio(np)ControIs N R? Adj. R? p ,\jtcitj ecif
% | “oooy | ©0my : ooy | OSTI0 | 1o | osae | osee | o120
27 9?0%3613&)0)0 _2(%_335125())0 - 5(8_971015;’;) - . 18 | 0.3056 | 0.2130 | 0.0649
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891049.00

-291087.00

63656.10

28 (00003 00117 : : i o1050) 18 | 03309 | 02417 | 0.0491
29 9(600.8336(;0 2(%155’;9?0 : : i : 18 | 02987 | 02549 | 0.0189
o e e | mmm o o | o
31 7(60588?20)0 i 2(?)60613525()’0 1(301_%53'3?)0 i : 18 | 03337 | 02448 | 0.0476
32 7?5338? i 3(%5517132?0 i i 38_427271'39 18 | 03668 | 0.2824 | 0.0325
33 8(705.88(1)6(;0 i 2((7)205{‘981?0 i i : 18 | 02980 | 02541 | 0.0191
34 5(901.8234(;0 . . (28‘;%71)0 . 18-6606%? 18 | 00151 | -01162 | 08918
35 6?09831’3'7(;0 i i 3(5_2;5%3;) i : 18 | 00023 | -0.0601 | 0.8502
36 5?:383'7(;0 i i i i 13?61399;29 18 | 00145 | -0.0471 | 0.6338

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant VEhI(E:)e) Year Engine Year Vehlc(Is)Type Fue};;ype Emlssm(np;:ontrols N R Adj. R? p ’\:toa(; eolf

38 1(3.112;1655) i : 1(3_01312515’ i i 6 | 04962 | 03702 | o0.181
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fuesz)ype Emlssm(np)ControIs N R Adj. R? p l\;:)a(; t;)If
o [ e T e ew | o | oow
41 9(30??)8%'7(;0 2(((3)8(6)32109())0 : : : : o | 04687 | 03928 | 0.0419
e e T || e o e omo e
4 8(70988860)0 i 2(%155‘52())0 : : i o | 0.6446 | 05938 | 0.0092
43 906885.00 i ; ; 556795.00 -361639.00 o | 06490 | 05320 | 00432
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(0.0031) (0.5864) (0.2269)
45 7(206?82%(;0 - - - '7(%5'33;5;))0 - 05430 | 0.4777 | 0.0235
46 8?0?838'7(;0 - - - - -2(310713037.())0 0.6297 | 05768 | 0.0107
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(Is)Type Fuesz)ype Emlssm(np)ControIs R Adj. R? p I\Z?(; c;)lf
o | T | | - | e e [oswr | owm | omr
49 13(3?010%187'?0 4(307(?26273())0 . . . . 05496 | 04852 | 0.0223
o ||| e | s o osr | oo | oo
51 13(3?010%187'?0 . 4(367326273‘;0 . . . 05496 | 04852 | 0.0223
o | o | - ] e T [ oawe | oows | oo
53 7?09823'7(;0 . . . 7(;‘)9;’86??3?0 . 02375 | 01286 | 0.833
54 5?523280 i . . . ('332'7451) 0.0000 | -0.1429 | 0.9975

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fue};;ype Emlssm(np;:ontrols R Adj. R? p l\;:)a(; t;)If
o | Speo | e | e e s | om | oors
57 62104323.3(;0 -1(%-7:52‘553())0 - - - - 0.9150 | 0.8937 | 0.0028
58 5{’05858'3(;0 - '1((7)_35’33?2'())0 - - - 0.9095 | 0.8869 | 0.0032
59 5(5058(2)83(;0 - - - - 2(?)033;2())0 0.9095 0.8869 0.0032
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Table 49. Results from the Models with PM Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corg;;ant Vehité:ae) Year Engine Year Vehic(Ipe)Type Fueép‘l;ype i@i}g?gﬁg N R Adj. R? p ,\thé :|f
0| ooy | (0000) : (04009 [ B2 g | osee | ossso | ooooo
11 ?02:836006) _(%_133(}2? - (g%ﬁ) - - 24 | 05471 | 0.5040 0.0002
12 (70?886701) '(%_93555 - - - (10%3'731?; 24 | 06808 | 0.6504 |  0.0000
13 ?0488630% _(%_15;(}%? - - - - 24 | 05455 | 05248 0.0000
14 (‘5’0?3(1)585 - _(?5_7(?015%;1 (()22%5(?) - (10588'7626) 24 | 06146 | 0.5568 0.0002
5| ooy | oas | i - | 26 | oamz | osees | ooz
1 (0,000 ] ©.0000) ] ] Ooody | 24 | 06134 | 05768 | 00000
17 (700_385302) - (%558085; - - - 24 | 04303 | 0.4044 0.0005
o S |- | | | B | | eew | s | o
19 ?048262833 - - (O?S;‘;) (‘833562‘)1 - 24 | 01339 | 00514 0.2211
2| o : : e | dEATT oo | oows | osran
21 o044 - : - 0030 | (oisn | 24 | 0204 | oi2e7 | 00908
22 (303?32595% - - (06.3;735) - - 24 | 00001 | -0.0453 | 0.9575
23 ?05886696) - - - '(g?’g?zé%‘)l - 24 | 01337 | 00944 | 00788
24 (306_?);5148) - - - - ('&éggg) 24 | 00016 | -0.0437 | 0.8506
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Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R Adj. R? p I\;gaé ecif
% | oo | (oo002) : oo | - Oopin | 18| 0ess2 | 0547 | 00012
27 ?04830255) _(?663(?1%; - (38;1532) - - 18 | 0.5053 0.4393 0.0051
28 (70?836318) (?685502‘)‘ . . . (102.824187) 18 | 0.6337 | 05848 | 0.0005
29 (807.886200) (?665071%; . . . . 18 | 05021 | 0.4710 | 0.0010
w o |wme | amE | gmm | | mms ] o | v | own
31 (602.384650) . (%25’57?; (101_2‘2"7257) . . 18 | 03869 | 0.3052 | 0.0255
32 ?06?886296) - (?6555171? : : (106.326301) 18 | 05590 | 05002 | 0.0022
33 (701.?)(1)6412) i -(?6902&?;6)3 . . . 18 | 03508 | 03198 | 0.0085
34 ?013%457) - - (%)5151%;3 - (104%2660) 18 | 0.1153 -0.0027 0.3990
35 ?04(2)20811; - - (07-8524) - - 18 | 0.0001 -0.0624 0.9644
36 (3028;0711) - - - - (100220557) 18 | 0.0816 0.0242 0.2505

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R?2 Adj. R? p '\zt:; ec:f

38 (3?021'38) - - (05_3;56054) - - 6 0.6570 0.5713 0.0504
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? p I\Z?(; :If

40 10419.20 -5534.85 - - - 1421.43 9 0.6235 0.4980 0.0534
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(0.0075) (0.0959) (0.4839)
a1 30%821542) -(?66.33195-%? i - - - 0.5886 | 0.5298 0.0158
i 1(8.307091.;15) ] _?8?3%'71)0 ] ] %8?0323689 0.7741 | 0.6989 | 0.0115
43 (70%?)?.2865) i '(%?328% ) - - 0.4493 | 0.3706 | 0.0482
13 1(8§0709i131§) ] . ] 328_400147-%? '(18(1)23'94)0 0.7741 | 0.6989 | 0.0115
45 (502,8:31'2231) ] . ] (2152275 - 0.1996 | 0.0853 | 0.2279
16 (60%19272) ] ] ] ] (%)953;‘72‘)‘ 03792 | 0.2905 | 0.0775
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehw(l;)e)Type Fuezp;l)'ype Emlssm(np)Controls R? Adj. R? p I\;t;; ecif
18 ?oéggéog (3(’)73322? ] ] i (10?816811) 0.8685 | 0.8247 | 0.0023
49 1(8.602013'25) (3(’)83305 i - - . 0.6277 | 0.5745 0.0109
i ?Oéggéose; ] (?67552%§ ] ) (108.816811) 0.8685 | 0.8247 | 0.0023
51 1(8%2013%) . -(%?gfdg ) - - 0.6277 | 05745 | 0.0109
5 (%73?;7%; ] ] ] _(%?32263()5 (3093‘1"2981) 0.7264 | 0.6352 | 0.0205
£3 5043258753 ] ] ] '(%_2;‘723-15)3 - 01679 | 0.0491 | 0.2734
5 -(%)ég?é% ] ] ] i 30??2?4% 0.2759 | 0.1725 | 0.1464

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|SS|o(np)Contr0Is R? Adj. R? p I\zga(; ;f

56 ?O§88%405) }%‘_‘3352? ] ] ] (20322'395; 0.8741 | 07902 | 0.0447
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512318 | -1758.95

S (0.0036) (0.0186) - . 0.7860 | 0.7324 | 0.0186
4073.64 129573

58 (0.0161) - (0.0923) - 05484 | 0.4354 | 0.0923
4073.64 194359

> (0.0161) - - (0.0623) 05484 | 04354 | 0.0923
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OP Modes 11-16

Table 50. Results from Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corgrs);ant Vehic(:;a) Year Engine Year Vehic(ls)Type Fuesz)ype Co?;;ols N R2 Adj. R p'\;g:l(';;)lf
10 32890303(58;) (‘89016‘% ] (%%f;g ] (305382%1% 144 | 00978 | 0.0785 0.0023
1 928§0105dg;) (%4(;3759%§ ) (%7115635)’ ] - 144 | 00360 | 0.0224 0.0753
12 2(8?090868;) (‘(‘)23572? : : : (20‘%24709) 144 | 00576 | 00442 | 00153
13 2(8?020463;) (%5(1)%710333 _ - - - 144 0.0228 | 0.0159 0.0709
Py 2(8?060268;) ] (5033503 (‘(‘363;32?%? i ?01_38617‘; 144 | 01118 | 00928 |  0.0008
15 2(8?0806685) . -(%?gg(-)%‘)‘ (%3;‘3?62? ; ; 144 | 00359 | 0.0222 0.0761
6 %3.70000685) ] (560070212;3 ] ] (302_(1)85357) 144 | 00781 | 0.0650 0.0032
17 2((7)?,0508685) ) (%55);‘22()’ } ; - 144 | 00262 | 0.0193 0.0526
w | s | oow | oose) | oouy | M4 | 006 | 00w | ooso
19 2(8?01066?)? ] ] '(%?fsdgf; ('g_lsigf) - 144 | 00148 | 0.0008 0.3497
20 2(3.5050968;) ] ] '(‘(‘)‘_)5512-33 i (107_83;% 144 | 00342 | 00205 | 0.0862
o 2(34060068;) ] ] ] (295517% (109_&962) 144 | 00169 | 0.0030 0.3007
9 2(3,6060268;) ] ] (%838%? ; - 144 | 00146 | 0.0077 0.1488
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’3 2(3?060462? ] ] ) ('06;575’68) ; 144 | 0.0002 | -0.0069 0.8766
» 2&3?0%%8? ] ] ] ] (10%6611) 144 | 00079 | 0.0009 0.2901
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corg;;ant Vehic(:s Year Engine Year Vehic(l;)Type Fuezgype Emissio(np)ControIs N R?2 Adj. R? p ,\Z?é eolf
26 2(8.70203(53;) (4(1)45280%§ ] (?)553&31()) ] ?o?gifaz) 108 | 0.0975 | 0.0714 | 0.0134
97 9289050468;) (4(1)0336815)3 ] ((1)362343()’ ] - 108 | 0.0439 | 0.0257 | 0.0945
-8 2(8.2090768? (4(1)58;1%? ] ] ) (202.22'7907) 108 | 0.0680 | 0.0502 | 0.0248
29 2(3%0070.8;) (4(1)153303 ] ] - - 108 | 0.0415 | 0.0324 | 0.0345
% 2(3608060.8;) ] (5013372; (g417§039§ ] (401.83923% 108 | 0.1127 | 0.0871 | 0.0059
31 2(8.1030468;) . (‘(1)501;1%? ('3385-&;‘) ; - 108 | 0.0528 | 0.0348 | 0.0579
- %8.10609685) ] (565055411? ] ] (20?33-1531) 108 | 0.0939 | 0.0766 | 0.0056
33 2(39000263? . (‘(‘)581126§ ) : - 108 | 0.0528 | 0.0438 | 0.0168
" %3902026(1)? ] ] (%5371223 ] (306.326692) 108 | 0.0495 | 0.0314 | 0.0695
35 2(8%20768;) ] ) '(é?fzzﬁ‘)‘ ) ; 108 | 0.0039 | -0.0055 | 0.5211
" 2((%.40600(535) ] ] ) ] (10?i2-7962) 108 | 0.0197 | 00104 | 0.1476

Models for CNG Fuel Trucks-E~f(VT) [37]
Equation Co?s;ant Vehltz:;e) Year Engine Year Vehlc(IF()e)Type Fuez;;ype Emlssme)Controls N R? Adj. R? p l\jtcitj ecif
38 2(8?0800(53;) ] ] (%2&8% ] - 36 | 0.1095 | 0.0833 | 0.0487
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Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehi(E:Je) Year Engine Year Vehic(IF()e)Type Fue;;;ype Emissio(np)ControIs N R2 Adj. R? p l\:tcitj ecif
40 %8?0609635) (2037285700) - - - '(%f‘géég? 54 | 0.0091 | -0.0298 | 0.7923
41 %9030668;) (-3%-1461) _ . - - 54 | 0.0023 | -0.0169 | 0.7310
42 3&8%020268? - '%&‘é‘é%‘zz)o - - (YO?T;(%EZS?S 54 | 0.0098 | -0.0291 | 0.7787
13 923.3060968? ] (%)45328‘5 ] ; - 54 | 0.0070 | -0.0121 | 0.5486
1 ?g§020268? ] ] ] 1(3%;627-35) (‘5057811% 54 | 00098 | -0.0201 | 0.7787
i %.3080668;) ] ] ] (%8&68%? - 54 | 0.0038 | -0.0154 | 0.6585
40 923.100010.(7);) ] ] ] i (3953?8 54 | 00061 | -0.0130 | 0.5736

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehlc(:;a) Year Engine Year Vehlc(IF()a)Type Fue;;;ype Emlssm(np;:ontrols N R? Adj. R? p '\:t(i; eolf
18 323%30763;) '(B,lféz'?? ] ] i (10%25195663) 54 | 04712 | 0.1387 | 0.0083
49 %?03016(2)? }B?S‘gz'ii _ . i - 54 | 0.1643 | 0.1482 0.0024
i 32890307685) ] (élgolz‘;‘)l ] ] (10%22-5663; 54 | 01712 | 01307 | 0.0083
£1 32(7)?03016(2)? ) -(3.2352% ) ; - 54 | 0.1643 | 0.1482 | 0.0024
5 2(8900043;5) ] ] ] '203_%13?)0 (309%'7587) 54 | 00864 | 0.0505 | 0.1000
£3 2(2?060168;) ] ] ) -(%?f;dé; - 54 | 0.0456 | 00273 | 0.1209
o 2(8.401013%;) ] ] ] ] (103326626; 54 | 0.0103 | -0.0088 | 0.4662

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Corgrs);ant Vehi(E:Je) Year Engine Year Vehic(l;)Type Fue;;;ype Emissio(np)ControIs N R2 Adj. R? p ,\;t:é ecif
56 1(8?000868? (50?%2507?; ] ] ] (%8%1;? 36 | 0.1396 | 00874 | 0.0837
57 1(3.1040663? (_325124161) i . - - 36 | 0.0075 | -0.0217 | 0.6146
cg 1(8.5010863? ) (%02759%? ] ; - 36 | 0.0404 | 0.0122 | 0.2398
59 1(g§010863;) ] ] ] ) (%)6%9%()’ 36 | 0.0404 | 00122 | 0.2398

Table 51. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?s;ant Vehitzl:) Year Engine Year Vehic(ls)Type Fueh;l;ype ET%EE:S: N R? Adj. R p I\;tci; ec:f
0 1(20§g(2)slsé())o 5(361(();(1)375)0 ] (15%2(7’%0 ] ?8.200036%) 144 | 01151 | 0.0962 0.0006
1 l(:’gggi-?o)o -%333963-53)0 ) 2(8?38218-%’ ] - 144 | 00120 | -0.0020 0.4278
12 1(10‘%3'10)0 ?5%%?—,52)0 i : i 5(3_2030661? 144 | 01131 | 01005 | 0.0002
13 1(505?83(1).00)0 -%32383?)0 ] ; - - 144 0.0052 | -0.0018 0.3894
W 22(3).701019553 ] -?3(7)%-12)0 (247133%5)’ i 5(8?020163) 144 | 00999 | 0.0806 | 0.0020
15 1(10283;;;0 ] (3(’)3893?125)3 2(8%383%;;) - - 144 | 00066 | -0.0075 | 06271
s ?3,4095152? ] -?;gifégo i i 523?07;0-%’ 144 | 00993 | 0.0865 | 0.0006
17 1(30?(1)3(7)6(;0 i (%)19522% - - - 144 0.0000 | -0.0070 0.9420
18 %.301684(1)? ] ] (105%3-5809; 3;89;9%;;’ 2(3?03;1'3? 144 | 00650 | 0.0449 | 0.0240
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19 528.3091272;3 ] ] 2((2)'732367-5’ 1(10"3.3232(;0 ; 144 | 00456 | 0.0321 0.0372

2 38.20255933 ] ] (379517226)3 ] 328?08&8? 144 | 00631 | 00498 | 0.0101

o1 6‘28.405302-8;3 ] ] ] 32855482;;? 2(34075912;) 144 | 00649 | 00517 | 0.0088

2 1?5333;)0 ] ) 2(3_73255;? ] ; 144 | 00063 | -0.0007 0.3452

’3 1230§(1)(1)gb(;0 ] ] ] 1(10%23-20)0 , 144 | 00393 | 00326 | 0.0172

o ezg.sossos.g? ] ] ) ) 3(3?01082-2? 144 | 00630 | 0.0564 0.0024
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Cor(wrs)')[ant Vehitélpe) Year Engine Year Vehic(ls)Type Fueh;l;ype Emissio(np)ControIs N R? Adj. R? p '\:?é eolf
25 1?0§gggé())o Zgégslf)o ] (107%%23)0 ] 18108;73;’ 108 | 0.1262 | 0.1010 | 0.0028
”7 1(601.3(1)8-70)0 -Zégggg)o ] 2(8?38903;2;’ - . 108 | 0.00889 | 0.0715 | 0.0076
28 12‘07183(2)'3(;0 '?3%%3‘13)0 - - - 3;89052772;’ 108 | 0.1243 | 0.1076 | 0.0009
29 1?06.3(2)86(;0 -Z&é%gg)o _ . - - 108 | 0.0825 | 0.0738 | 0.0026
20 1(101.8(6)%;0 ] -?gggggo '(%?352%? i tcl)?ollalég;) 108 | 0.1005 | 0.0745 | 0.0114
31 135832;;0 . -?3(1)212-61)0 5’28?231‘24515’ ; - 108 | 0.0602 | 0.0423 | 0.0384
i 135382;0 ] ?S%‘é‘;&o ) i tg?ozlzéi? 108 | 0.1004 | 0.0883 | 0.0039
33 1210?38(7)6(;0 . ?&%‘;2;0 ) ; - 108 | 0.0462 | 0.0372 | 0.0255
iy 7(8.403631.%) ] ] (10721%;)0 ] 323706883;29 108 | 00319 | 00135 | 0.1820
3 ?8_10?323 ] ] 1(8_95224335) } ; 108 | 0.0038 | -0.0056 | 0.5284
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25 ?34054052;) ] ] ] ] 2840779?;2;) 108 | 0.0299 | 00209 | 0.0734
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehuzl;) Year Engine Year Vehlc(IF()e)Type Fuei;;ype Emlssm(np)ControIs N R2 Adj. R? p l\:tcitj ecif

28 1?08.8386(;0 ] ] 2(2?3208585’ ) ; 36 | 0.0309 | 0.0024 | 0.3050
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehuzl:) Year Engine Year Vehlc(I;)Type Fueh;l;ype Emlssm(np)Controls N R? Adj. R p ,\;?('; eolf
10 Zfoéggi.lgo 1(258;1;10())0 ] ] ] 1(209312-7‘:;0 54 | 01170 | 00824 | 0.0419
a1 1?0?gzgi(;0 %gg%f)o ] ] - - 54 | 0.0040 | -0.0152 | 0.6501
o 12301.38}180 ] 5(%0551;11())0 ] i 4(307.5%630 54 | 00719 | 0035 | 0.1491
43 1(10§8L21%0)0 ) 1(3?605372;) ) ; - 54 | 0.0038 | -0.0153 | 0.6572
13 l?ol.ggiio)o ] ] ] 5(80?82;‘-1(;0 1(‘(‘)35’;‘;4?0 54 | 0.0719 | 0.0355 | 0.1491
45 12309.(7&&1160)0 ] ] ] 7(8?;9%;? ; 54 | 0.0207 | 0.0018 | 0.2996
16 1(104%3;2.3(;0 ] ] ] ] 1((2)?55119629 54 | 0.0073 | -0.0118 | 0.5401

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Cor(ls';ant Vehuzl;) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|55|o(np)ControIs N R? Adj. R? pl\;t)a('; eolf
18 528.854;3?;39 -?gi%if)o ] ] ] ?8?03237';‘? 54 | 01071 | 00721 | 0.0556
49 Z?O?ggigo -?&;ifég)o i . - - 54 | 0.0170 | -0.0019 | 0.3480
50 528.85%33.?? ] -?g‘égif)o ] i ?8.303237'25’ 54 | 01071 | 0.0721 | 0.0556
51 2(307.3325(;0 ) ?oléigol)o ] - - 54 | 00170 | -0.0019 | 0.3480
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5 308.82439% ] ] ] 2(3789095-§§) ?géo‘gg;) 54 | 0.0945 | 0.0590 | 0.0794

53 1?0?83%0 ] ] ] 52825796;? ; 54 | 0.0228 | 0.0040 | 0.2762

5 301.8%2% ] ] ] ] ?(7).300222;) 54 | 0.0935 | 00760 | 0.0246
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?s;ant Vehuzl:) Year Engine Year Vehlc(I;)Type FueI(F;I;ype Emlssm(np)Controls N R? Adj. R p ,\;?('; eolf
56 33?02036(7)9 (4(1)877819215)3 ] i i %ggéj(%o 36 | 01671 | 0.1166 | 0.0489
57 628800020(2)9 %61%11224)0 ] ] - - 36 | 0.1585 | 0.1338 | 0.0162
c8 33?08086(1)9 . (103?6125)0 ] ; - 36 | 0.1653 | 0.1407 | 0.0139
o0 ?8_308080'39 ] ] ] ] ?S%ﬁg)o 36 | 01653 | 0.1407 | 0.0139

Table 52. Results from the Models with HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

i | St | 0 | e | it [t | Gl [ 0 [ ||
10 1(8.1050313;) ?oégi'?ogl; i (%25202‘;‘)‘ : (201_32'2911) 144 | 00891 | 00696 | 0.0044
1 1(2%04071'2;) (60?85-356?3 ] (‘(3)70951%; ] ; 144 | 00815 | 0.0685 0.0025
o 1(3%328?;(1);) 250{(7)2592?3 ] ] i (3?852'32) 144 | 00543 | 0.0409 0.0195
13 1(3?05&2;) 250?(7)35618) . - - - 144 0.0540 | 0.0474 0.0051
1 2(8.200026(2)? ] (10525582% '(%_23111-2‘)‘ ] (30‘%89382) 144 | 00654 | 0.0454 0.0233
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15 2(3.3080263? ] ?0%825332) _(Z):.Sgs?zg()) ] ; 144 | 00481 | 0.0346 0.0309
16 1(87000262? ] (201.4812i202) ] i (106.4112'1% 144 | 00211 | 00072 | 02231
17 1(290305(;?;) _ ?()‘132431) - ; - 144 | 0.0167 | 0.0098 0.1223
18 2(8?0506635) - - _(2?5336%? 1(8928:’3;2? (201_2%43?3 144 | 00721 | 0.0522 0.0147
19 2(8.1050768? ] ] (2401526‘%? 1(8?06192-25) , 144 | 0.0668 | 0.0536 0.0076
20 2(3.20400(58;) ] ] (%4359‘;5)’ ] Z‘Ol_gif;) 144 | 00630 | 0.0497 0.0102
21 1(89020068;) : : : 1(8%05553"%) (51931217) 144 | 00424 | 00288 | 00471
2 2(8.30704(58;) ] ] (2401512? ; - 144 | 00245 | 0.0176 0.0611
’3 1(3.70404(58;) ] _ ] 1(3?06193-25’ - 144 | 00424 | 0.0356 0.0133
o 1(8?04026613;) ] ] ] i (205_6153'224‘; 144 | 00167 | 00098 | 0.1224
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehic(lloe) Year Engine Year Vehic(ls)Type Fuesz)ype Emissio(np)ControIs N R?2 Adj. R? p l\;:)a(; t;)If
o6 2(8101046%) (5012%382) ] '?8%%%12)0 : (50‘%2;17;) 108 | 01493 | 01248 | 0.0007
”7 2(3?07046(2? (530§(8)35388) ) '(16‘_‘(‘)%1-04)0 ] - 108 | 0.1155 | 0.0987 | 0.0016
. 1(8.507266;31;) 509(15?16015; ] ] ] ('38836'633‘,‘) 108 | 0.0201 | 0.0014 | 0.3446
29 1(3903162;%;) ?0?12992‘; . - - - 108 | 0.0195 | 0.0103 | 0.1492
2 %gooozdg;) ] (101.%602?3 fggggzo)o ] 507,329031) 108 | 01208 | 0.1047 | 0.0023
31 3(8?01046(1);) . (20923;‘0()) (16‘?)%81%0 ] ; 108 | 0.0934 | 0.0761 | 0.0058
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- 1(8%0409631? ] (—g‘é35§71) ] i ('&g?égf) 108 | 0.0004 | -0.0186 | 0.9791

33 1(8.304086?{? ) (-32%315) - ; - 108 | 0.0004 | -0.0090 | 0.8401

" %?090768? ] ] fgg(l)‘éf)o ] ?o?ggff) 108 | 0.1289 | 0.1123 | 0.0007

3 %.7030268? ] ] '(1390807168)0 ) - 108 | 0.0902 | 0.0816 | 0.0016

2 1(8902000.(1);) ] ] ] ] (023527297) 108 | 0.0001 | -0.0094 | 0.9279
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehlté:g Year Engine Year Vehlc(Is)Type Fuei;;ype Emlssm(np)Controls N R? Adj. R? p '\:?é eolf
38 2(8%7050.8;) ] ] (807.8263933 ] - 36 | 0.1567 | 0.1319 | 0.0169

Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehlc(:;a) Year Engine Year Vehlc(IF()a)Type Fue;;;ype Emlssm(np;:ontrols N R? Adj. R? p '\:t(i; eolf
10 (0698922) 5689020168;) ] ] i ?g%%%ll)o 54 | 02871 | 02501 | 0.0002
41 1(8?13226451;) ?0§61386061) _ . i - 54 | 0.0493 | 0.0310 0.1066
2 1((2).1266188;) ] 1(90?83(1)-7(;0 ] i '1(‘(‘)%’(?037'()’0 54 | 02026 | 01713 | 0.0031
43 328903002.%) . (1385242) ] : - 54 | 0.0013 | -0.0180 | 0.7994
13 1((2).1266188;) ] ] ] '1(%?(?(‘)337-()’0 ?3509081'85’ 54 | 02026 | 01713 | 0.0031
45 323%6016(2);) ] ] ) '202_3?3-22)0 - 54 | 0.0129 | -0.0061 | 0.4142
4 3{8.200026(7)? ] ] ) ] (éﬁglé;‘?‘) 54 | 0.0000 | -0.0192 | 0.9687

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]
Equation Co?s;ant Vehltz:;e) Year Engine Year Vehlc(IF()e)Type Fuez;;ype Emlssme)Controls N R? Adj. R? p l\:tci; ecif
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48 '(%915?331 ?09886920) : : : 504.3(2)'1007) 54 | 03438 | 03180 | 0.0000
49 ?0482'578‘; gfggfﬁ : : : i 54 | 01865 | 0.1709 | 0.0011
50 '(%915?331 : ?00.836920) : : ?04.33'1007) 54 | 03438 | 03180 | 0.0000
51 ?0482578‘; : Zo§88i615) i : i 54 | 01865 | 01709 | 0.0011
52 ?0??25785) : : : 3(3?’040%8;) (105_’;8;5305) 54 | 05280 | 05095 | 0.0000
53 1(8?08050'1;) : : i 3(3?’060868? i 54 | 05716 | 05083 | 0.0000
54 ?0952'2833) : : : : (501.38;1092) 54 | 01422 | 0.1257 | 0.0049
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehl(é:;?) Year Engine Year Vehlc(IFt)e)Type Fue;;;ype Emlssm(np)Controls N R? Adj. R? p '\:t;; eolf
56 ?01.(1)(3)680(; (‘c‘)lfflg‘;’ : i : (‘101.22'2123) 36 | 00944 | 00395 | 0.1948
57 (709.(2)86706) '(%flzgé‘;‘)‘ : : : : 36 | 00555 | 0.0277 | 0.1667
58 (709(1)365& : (g %6576; : : : 36 | 00250 | -0.0037 | 0.3575
59 (709(1)365& : : : : '(%)9??;)7'%‘)‘ 36 | 00250 | -0.0037 | 0.3575

Table 53. Results from the Models with NOx Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;[ant Vehii:; Year Engine Year Vehic(ls)Type Fuezr;;ype EZTEEE:)?Q N R? Adj. R? pl\j?(;eolf

10 1?0?3336(;0 -?()1.%%362)0 : '201_277;54)0 : (608.229217) 144 | 02448 | 02287 | 0.0000
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1 2?0().8336(;0 -5(33‘(1)%%-09)0 ) _(25,356625'3? ; ; 144 | 02399 | 0.2291 0.0000
12 1?00.3336(;0 '?3%%%3)0 - - - ?0%28'29763 144 | 0.2405 | 0.2298 0.0000
13 150488380 -5(33%%?)65)0 _ _ - - 144 0.2381 0.2328 0.0000
P 1(703?8886(;0 ] -?5%%-05)0 (%4685293‘)3 i 1(3?02632';? 144 | 02812 | 02658 | 0.0000
15 1(707.8886(;0 ] ?()510%%5)0 (202_32600% - - 144 | 02632 | 0.2527 0.0000
; 1(60?3386(;0 ] ?g%gég)o ] i 1(5?056378;’ 144 | 02803 | 0.2700 | 0.0000
17 1(70?8336(;0 ) ?g%gggo i - - 144 | 0.2630 | 0.2578 0.0000
18 130?83(5)6(;0 - - '?811%%'44)0 _1(%.3070556?0 1(8?1825é?§) 144 0.1655 0.1476 0.0000
19 15103.88860)0 ] ] %33%13)0 1(%55530?0 : 144 | 01516 | 01396 | 0.0000
20 1(301.88360)0 ] ] (10?326511) ] '%3_6%74)0 144 | 00384 | 00248 0.0633
21 1(20%36(;0 - - - '1(‘(‘)?5‘03&()’0 (70?23'7641) 144 | 01536 | 0.1416 0.0000
2 1(101.8886(;0 ] _ '%82%%5-24)0 ] - 144 | 00037 | -0.0033 0.4662
’3 1?0%8336(;0 ] ] ] '1(%?(?5 (?(-)()’0 ; 144 | 01479 | 0.1419 0.0000
o 1(302.(2)886(;0 ] ] ] i '%5’%712'73)0 144 | 00383 | 00316 | 00187
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitz:;e) Year Engine Year Vehic(l;)e)Type Fueh;l;ype Emissio(np)ControIs N R? Adj. R? p I\Z?(; :If
25 1éao§(7)ggbc;o ?3%322)0 ] ?()6%3;5;86)0 ] 2((2)?033%2;) 108 | 0.1550 | 0.1307 | 0.0005
07 2?00.8356(;0 _?07%3%2%0 ] 2029127‘&?)0 ] ; 108 | 0.1193 | 0.1025 | 0.0013
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28 1(70683880 '?33%%‘2%0 - - - 1(3610;5%) 108 | 0.1293 | 0.1127 | 0.0007
29 1230?88880 -?&%3(;%%0 i . - - 108 | 0.1151 | 0.1067 0.0003
20 1(705?8356(;0 ] ?g%g(%o -?5"5272}1-44)0 i 2&3?02256421;) 108 | 0.1809 | 0.1573 | 0.0001
a1 1(7078886(;0 ] -?g%%%-f)o (10932-33153 - - 108 | 0.1372 | 0.1208 | 0.0004
i 1(601.3886(;0 ] ?g%é?ég)o ] ) 1(3?06;‘7-35’ 108 | 01692 | 0.1533 | 0.0001
33 1(70§gégb(;0 ) ?gggf)o ) ; - 108 | 0.1372 | 0.1291 | 0.0001
9y 1(458886(;0 ] ] ?g%;i;)o ] 1(88039%2;’ 108 | 0.0331 | 00147 | 01710
35 1510?8886(;0 . ] 205232;)0 ] ; 108 | 0.0075 | -0.0019 | 0.3735
26 1(203.(1)(7)860)0 ] ] ] ] (70?235691) 108 | 0.0068 | -0.0026 | 0.3959
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?s;[ant Vehlc(llsa) Year Engine Year Vehlc(Is)Type Fue};;ype Emlssm(np)Controls N R Adj. R | P I\;tc?cg ecif

38 (50788-559?; . ) (1o?i§é3033 ) : 36 | 0.0539 | 00261 | 0.1730
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehlc(lloe) Year Engine Year Vehlc(Is)Type Fue};;ype Emlssm(np;:ontrols N R? Adj. R p I\;t:; ec:f
20 1?098886(;0 2(8?43936-%) ] ] ] '?05.‘(‘321'%0 54 | 03119 | 0.2849 | 0.0001
a1 2(20(??)8(1)6(;0 -?5%%%42)0 . . - - 54 | 0.2181 | 0.2031 | 0.0004
" z(oog(l)(l)gbc;o ] (06?898937) i i ’(58%2{2370)0 54 | 03055 | 02783 | 0.0001
43 2(103.(2)(7)36(;0 ) ?g%égg)o ] - - 54 | 0.3030 | 0.2896 | 0.0000
43 206116.00 - - - -60.83 -50071.20 54 | 0.3055 | 0.2783 | 0.0001
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(0.0000) (0.9997) (0.2607)
45 12301.83380 . . . '1(25033&(;0 . 54 | 02879 | 02742 | 0.0000
46 2?0635880 . . . . _?8%%266)0 54 | 03055 | 0.2922 | 0.0000
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?rs);ant Vehlc(::;a) Year Engine Year Vehlc(Is)Type Fue};;ype Emlssm(np)ControIs N R Adj. R? p I\;t;; ec:f
48 2(307_8386(;0 '?8‘5%&7)0 . . . (207_234672) 54 | 0.3816 | 0.3574 | 0.0000
49 2?5388&’ ?8328(%0 . . . . 54 | 0.3809 | 03690 | 0.0000
50| 20 0000 : "10.0000) : : (08047 54 | 0.3816 | 03574 | 0.0000
51 2&?388&’ . ?g%gggo . . . 54 | 0.3809 | 03690 | 0.0000
52 ?8?01689'8;) . . . 1(235354(;0 2(8_703;'2'8? 54 | 02239 | 01935 | 0.0016
53 1(40?(1)3360)0 . . . 1(%9058;0?0 . 54 | 01685 | 01525 | 0.0020
54 ?8?0880429 . . . . (50%235705) 54 | 00030 | -0.0162 | 0.6950

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehlc(lloe) Year Engine Year Vehlc(Is)Type Fue};;ype Emlssm(np;:ontrols N R Adj. R? p I\;t:; ec:f
56 %%40668;) 2(g§2697d§§) . . . '28%544)0 36 | 03533 | 03141 | 0.0008
57 1(0043336(;0 -5335.28)0 . . . . 36 | 02442 | 02220 | 0.0022
58 33?02096?)? . . . . 36 | 03307 | 03110 | 0.0002
59 %8?02090'8;) . . . . '?8%%%‘27)0 36 | 03307 | 03110 | 0.0002
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Table 54. Results from the Models with PM Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corg;;ant Vehicélpe) Year Engine Year Vehic(Ipe)Type Fuezl;l;ype Ecrgézzgig N R2 Adj. R? p I\Z?é eolf
0 (4,093(9)6103) -(%:lsg(z)ldgt)s ] (—01-85?;-17; ) (2.703638) 144 | 03702 | 0.3567 0.0000
1 ?02:886007) -(%fggdg ) (39272;;‘;) ] ; 144 | 02705 | 0.2601 0.0000
12 (30?886500) '(%?g()ld‘(‘);‘ - - - (3?03628) 144 | 03688 | 0.3598 0.0000
13 ?058(7)6605) -(%fggdg&)? . - - - 144 0.2627 0.2575 0.0000
" (20?3(1)6506) ] _(%_203563 (06.3;1001) ] (109836506) 144 | 03574 | 03437 0.0000
15 (302.?)?)6305; . -(%)f‘ggdg? (8?08522) ] - 144 | 02329 | 0.2220 0.0000
16 (20?886105) ] (2020350(54)1 ] ; (10%‘6‘6903) 144 | 03573 | 0.3482 0.0000
17 (308.38690% ) (%)48&0%? - - - 144 | 02142 | 0.2087 0.0000
18 (106?88'2025; : : (035327127) (‘égé‘gog (8_201(532) 144 | 01502 | 01320 | 0.0000
19 (201.8(1)6812) ] ] (gi%gg) (%45‘81% ; 144 | 00745 | 0.0614 0.0043
20 (105(2)(1)8%12) - - (5?457'3) - (02.360456) 144 | 0.0047 | -0.0094 0.7173
21 (10435'2055) ] ] ] (‘(‘)6(?50‘(‘5 (8_106(532) 144 | 01456 | 01335 | 0.000
2 (1053(1).2695; ] ] (8_1431-8“29) - - 144 | 00046 | -0.0024 | 0.4192
’3 (204(7)?)6901) ] ] ] '((2)‘_‘5‘81-3; - 144 | 00699 | 0.0633 0.0014
9y (107.(1)?)6872) ] ] ] ] (07.:5‘50303) 144 | 00011 | -0.0059 | 0.6933
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Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(E:Je) Year Engine Year Vehic(IF()e)Type Fue;;;ype Emissio(np)ControIs N R2 Adj. R? p ,\Zt:é ecif
% | (0oo00) | (a0000) : 02507 : Oooor | 108 | 03378 | o037 | 00000
27 (401330800) ((1)9;(2}()%;3 - (8_3127'3111) - - 108 | 0.2298 0.2151 0.0000
28 (30%86308) éﬂ?&%? . . . (8.607682) 108 | 0.3296 | 03168 | 0.0000
29 ?07886701) (%)98‘80‘(")()’ . . . . 108 | 0.2164 | 0.2090 | 0.0000
o | mew e amE | | Emm o] o | omes | oo
31 (309386101 . (%)85050%; (10%;607% . . 108 | 01983 | 0.1830 | 0.0000
32 (207.38670% : (%00350% : : (101.336208) 108 | 03185 | 03055 | 0.0000
33 30?3(1)630(; . '(%)6_30207(')%)? . . . 108 | 0.1616 | 0.1537 | 0.0000
34 (10%(1)'7908) - - ('g_égff) - (8?09622) 108 | 0.0900 | 0.0727 | 0.0071
35 (200884201; - - (3287'2‘71) - - 108 | 0.0074 | -0.0020 0.3764
36 (1048(2)80853 - - - - (31066;2) 108 | 0.0814 0.0728 0.0028

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehlilrf) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R?2 Adj. R? pl\;'i)a(';eolf

38 (037(2)62090) - - (0_15'332) - - 36 | 0.0096 | -0.0196 0.5702
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehltz:;e) Year Engine Year Vehlc(IF()e)Type Fuez;;ype Emlssme)Controls N R? Adj. R? p l\:tci; ecif

40 5046.15 -2647.76 - - - 656.28 54 | 0.3573 0.3321 0.0000
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(0.0000) (0.0019) (0.2366)
a1 ?OégébSOS) _(%),7070268 i . - - 54 | 0.3392 | 0.3265 0.0000
o (500.886401) ] -(1(?%3%-.})0 ] i (90?826011) 54 | 04541 | 04327 | 0.0000
43 (30§(5)(2)6401) . _(léggbof ] - - 54 | 0.2626 | 0.2484 | 0.0001
i3 ?0%86401) ] ] ] 1&)?556%0 '(%?ggdg‘)‘ 54 | 04541 | 04327 | 0.0000
i (205.836309) ] ] ] (%55‘1212‘;’ - 54 | 01163 | 0.0993 | 0.0116
16 (30§3ng07) ] ] ] ] (3(7)%&;) 54 | 02215 | 02065 | 0.0003
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehl(é:;?) Year Engine Year Vehw(l;)e)Type Fue;;;ype Emlssm(np)Controls N R? Adj. R? p '\:t(i; eolf
48 fosfggf;) (%4350%‘)‘ : i : (10988'3685) 54 | 04300 | 04086 | 0.0000
49 (607.886405) (%43(2)3056)5 ] ] ; - 54 | 0.3283 | 0.3154 | 0.0000
o0 éaosjgg.lzgs) ] -(%4.10307(-)%;1 ] ] (10938-3685; 54 | 04309 | 04086 | 0.0000
51 (607.?)364053 . -(%f‘gg(-)é? ] : - 54 | 0.3283 | 0.3154 | 0.0000
5 -(%)22;7.3()) ] ] ] '(%?é‘gdg (108.836900) 54 | 03507 | 03253 | 0.0000
£3 (305(1)(1)672?3 ] ] ] '(36‘_‘0725‘-13? - 54 | 0.0937 | 0.0763 | 0.0244
" -(%).foéi? ] ] ] ] (101.812;66) 54 | 01192 | 01022 | 00106

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehli:;e) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|55|0(np)Contr0Is N R? Adj. R? p,\ji)aéé)lf

56 (10988600% (02965%(;) ] ] i (g(ﬁggz) 36 | 04460 | 0.4125 | 0.0001
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224003 676.07

>7 (0.0000) (0.0000) - . 36 | 04015 | 0.3839 | 0.0000
1966.99 628.38

58 (0.0000) - (0.0000) - 36 | 0.4660 | 0.4297 | 0.0000
1966.99 942,57

> (0.0000) ; - (0.0000) 36 | 0.4460 | 04297 | 0.0000
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OP Modes 21-30

Table 55. Results from the Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corgrs);ant Vehic(:;a) Year Engine Year Vehic(ls)Type Fuesz)ype ET%EE:S: N R2 Adj. R p '\;g:l('; e;)lf
10 1(370509(58;) _((1)?535';2‘)1 ] _(?6(.301&‘;()) ] (6‘_33632) 173 | 01469 | 0.1318 0.0000
1 1(8.7050168;) (%0020312;6)3 ] (%607506? ; - 173 | 0.1468 | 0.1367 0.0000
- 1(8%1080-8;) (%)561122; ] ] i (g'illgg) 173 | 00735 | 00626 | 0.0015
13 1(8.3040468;) (%lgglg()) ] - . - 173 0.0595 | 0.0540 0.0012
Py 1(8.2000468;) ] (%6580% -3%%%;)3 i (39437-82) 173 | 01789 | 0.1643 |  0.0000
15 1(3?0306(53;) ] (%36150‘3 (%Zggog ; - 173 | 01763 | 0.1667 0.0000
16 l(g§0004d(1);) ] _(%.Sggdalsi)g ] i ('g_z‘;gg‘) 173 | 01111 | 01007 | 0.0000
17 1(8?0207(58;) _ -(%?ggdgi - ; - 173 | 0.1102 | 0.1050 0.0000
18 1(3?01096(1)? ] ] '(%?07&2? '((Zf’g’zf’éj; ('gggfg 173 | 01162 | 0.1005 0.0001
19 1(3%010863)? ] ] -(?6?3363(;()) '(%?5‘52-%; i 173 | 01146 | 01042 |  0.0000
20 1(8507006(1)? ] ] '(%_Zég’dg i (5%‘;?71) 173 | 01112 | 01007 | 0.0000
o1 1(340200(53;) ] ] ] (3?84438) (%)45‘158%3 173 | 00509 | 0.0397 0.0118
9 1(g§0603dg;) ] ] (38013065 ; - 173 | 00947 | 0.0894 0.0000
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’3 1((2)%10268;) ] ] ] '(gf‘gééé? - 173 | 00192 | 0.0135 0.0689
o 1(3.3080663? ] ] ] ] (%)3(?(?23‘)1 173 | 00507 | 0.0451 0.0029
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corg;;ant Vehic(:s Year Engine Year Vehic(l;)Type Fuezgype Emissio(np)ControIs N R?2 Adj. R? p ,\Z?é eolf
" 1(8%3050.8;) (%00123435)3 ] (%73372; ) (6?976981) 132 | 0.1226 | 01020 | 0.0008
97 1(8%3000.8;) (%002261% ] (%8531%5 ] - 132 | 0.1225 | 0.1089 | 0.0002
-8 1(8%2090.8;) (%002;6;6)3 ] ] ) (%)2026502; 132 | 00727 | 00583 | 0.0077
29 1(84010668;) (%2§f2?é()> i . - - 132 | 0.0470 | 0.0396 | 0.0126
% 1(83090568;) ] (%93503? (?613234‘;? ] (3.385522) 132 | 01622 | 0.1426 | 0.0000
31 l(g§0009dg;) . (%83020239 '(?6?8121-;3 ; - 132 | 0.1620 | 0.1490 | 0.0000
- 1(3?050068? ] -(3(’).1301(-)%()) ] i (g gigs) 132 | 01285 | 0.1149 | 0.0001
33 1(8?0804(53;) _ -(%f‘gg(-)g ] - - 132 | 0.1194 | 0.1126 | 0.0000
" 1(870406635) ] ] '(%?gg’é% ] ('3%33?2) 132 | 0.0869 | 0.0728 | 0.0028
35 1(3?07096(7)? ] ) _(?)(.)c?gd% ) ; 132 | 0.0858 | 0.0788 | 0.0007
2% 1(8@02000.(2);) ] ] ] i '(%)‘.‘6‘257'2;3 132 | 00367 | 00293 | 0.0278

Models for CNG Fuel Trucks-E~f(VT) [37]
Equation Co?s;ant Vehltz:;e) Year Engine Year Vehlc(IF()e)Type Fuez;;ype Emlssme)Controls N R? Adj. R? p l\jtcitj ecif
38 1(S§0206£;) . ] (?62076‘43; ] - 41 | 0.1895 | 0.1687 | 0.0044
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Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehi(E:Je) Year Engine Year Vehic(IF()e)Type Fue;;;ype Emissio(np)ControIs N R2 Adj. R? p l\:tcitj ecif
10 1(2.2040068? -(%;?5127-%6)3 ] ] ] ('éiggzz) 65 | 0.0542 | 00237 | 0.1775
41 1(2?02056(2)? -(%?ggﬁl)l _ . - - 65 | 0.0532 | 0.0382 0.0644
i 2(8.108080.85) ] ?06%3%3)0 ) ] %?&%i;’ 65 | 0.1208 | 0.0924 | 0.0185
43 1(8.606000'3;) ) (%23383 ] - - 65 | 0.0602 | 0.0453 | 0.0488
1 2(8.10808(58;) ] ] i 2(8_2092%3;) (%5350% 65 | 0.208 | 0.0924 | 0.0185
45 1(8%1080.3;) ] ] ] (%5;9;33? ; 65 | 0.0225 | 0.0070 | 0.2334
40 1(3105090.8;) ] ] ] i (%)4077252‘)‘ 65 | 00492 | 00341 | 0.0758

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehlci:;a) Year Engine Year Vehlc(ls)Type FuezF;I;ype Emlssm(np;:ontrols N R? Adj. R? pl\jt;éeolf
18 (606?386111) -(%)%90256% ] ] i (10383'210% 63 | 03005 | 0.2772 | 0.0000
49 1(8?06066(2)? -(%?ggdé()) _ . i - 63 | 0.1786 | 0.1651 0.0006
50 (65886111) ] -(%)?02(?(% ] ) (10?33'210% 63 | 03005 | 0.2772 | 0.0000
£1 1(8?06066(2)? ) -(%)?07(‘)1(-)2()) - ; - 63 | 0.1786 | 0.1651 | 0.0006
5 (20?(8)2.1792) ] ] ] '(‘(‘)?()133-25)3 (10%36010) 63 | 02461 | 02210 | 0.0002
£3 (707.836901) ] ] ] '(%)?22172-2()’ - 63 | 0.0253 | 0.0094 | 0.2128
o (302.(%6919) ] ] ] ] (102,88'3766; 63 | 01308 | 0.1165 | 0.0036

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Corgrs);ant Vehi(E:Je) Year Engine Year Vehic(l;)Type Fue;;;ype Emissio(np)ControIs N R2 Adj. R? p ,\;t:é ecif
o5 1(8.103021? 1(37060?;;3;) ] ] ] (132%212?‘)0 45 | 02392 | 02029 | 0.0032
57 1(29030868? -(%)flggég‘)l i . - - 45 | 0.0190 | -0.0038 | 0.3663
cg 1(8.7030668? ) '(%‘_‘3312‘)‘ ] ; - 45 | 0.0788 | 0.0574 | 0.0618
59 1(8.7030668;) ] ] ] i (%76‘;’13 45 | 0.0788 | 0.0574 | 0.0618

Table 56. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corg;;ant Vehic(:;a) Year Engine Year Vehic(ls)Type Fuezgype ET%EE:S: N R2 Adj. R p '\;g:lé eolf
10 1(g§0704é?1;) (%55290?5 ] (10123203)0 ] 1(8?060168? 173 | 02454 | 0.2320 0.0000
1 1(8.10419(58;) (805.88650% ) ((1)6;;7‘;? i - 173 | 0.0439 | 0.0326 0.0220
12 (80‘%491(; (gzgglgi‘)‘ : i : 1(8.20502639 173 | 02002 | 01999 |  0.0000
13 1(8?09035'2;) (8048(7)652‘; ] - ; - 173 0.0430 | 0.0374 0.0062
iy 1(8908097.25) ] (%9539426)3 (101%%%92)0 ] 1(8%90%3? 173 | 02442 | 0.2308 0.0000
15 2(3907061.2? ] ?07.836562) '(%‘_‘ffég - - 173 | 00667 | 0.0557 0.0028
5 (80941155377) ] ;ﬁ‘_‘ffg%? ] ] 1(8.40801683 173 | 02095 | 0.2002 0.0000
17 1(2.10504635) ] (95336298) ; ; - 173 | 0.0631 | 0.0576 0.0009
| ST | o | oo | ooy | 13| 0302 | owss | oowo
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19 1(2%9061-5;) ] ] (‘07'882-;?) %8%)206689 ; 173 | 03246 | 0.3166 0.0000

20 1(3708015;? ] ] (101%‘(‘)?3%0 ] 1(3,60805539 173 | 02425 | 02336 0.0000

21 1(3901107'%) - - - 5(8?0402(58;) 30?386162) 173 | 03353 | 0.3275 0.0000

” 328%3060-8;) ] i ((1)085150235 . . 173 | 00003 | -0.0055 | 0.8102

’3 (10§g(1)8620(; ] i i 38%30%(1);) : 173 | 03244 | 03204 | 0.0000

9y (702.316975) ] ] ] : 1(5?0109689 173 | 02085 | 02039 |  0.0000
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehi(é:g Year Engine Year Vehic(Is)Type Fue;;;ype Emissio(np)ControIs N R? Adj. R? p,\:?éeolf
26 2(8?010568;) (101%350 ] (?661136;? ) (602.556302) 132 | 0.3256 | 0.3098 | 0.0000
”7 2(8.60901635) -%8%%60)0 ) (207225291) ) ; 132 | 0.2185 | 0.2064 | 0.0000
28 2(8.10004(58;) -%&g%%bl)o ] ] ] (501.236701) 132 | 0.3149 | 0.3043 | 0.0000
29 2(8108026(7)? -(%?ggdg‘)l _ . - - 132 | 0.2096 | 0.2035 0.0000
20 1(8.00702635) ] -(18%%(1)-02)0 (%)252753‘)‘ i ?06.236005) 132 | 03201 | 03041 | 0.0000
a1 1(8.70906635) . }%?’3553? fol_ggiof) ] - 132 | 0.1983 | 0.1859 | 0.0000
2 1(3.30702(53;) ] '(101_%3(;%'02)0 ] i (60?%86001) 132 | 03188 | 0.3082 | 0.0000
33 2(3?070468? ) (%507(;3035)3 ) ; - 132 | 0.1688 | 0.1624 | 0.0000
iy 1(8?07086513;) ] ] (36;335?5 ] 50938-270‘"; 132 | 0.0742 | 0.0599 | 0.0069
35 1(33090068;) ] ] (105_22489‘; ] ; 132 | 0.0028 | -0.0048 | 0.5449
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" 1(39010068? ] ] ] ] (30?(2)8-3172; 132 | 0.0631 | 0.0559 | 0.0037
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corgrs);ant Vehlté:;i‘) Year Engine Year Vehlc(IF()e)Type Fue;;;ype Em|55|o(np)Contr0Is N R2 Adj. R? p l\:tcitj ecif

38 82(7)?030568? . ] (%76127125)’ ] - 41 | 0.0063 | -0.0192 | 0.6213
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corg;;ant Vehlc(:s Year Engine Year Vehlc(I;)Type Fuezgype Em|55|o(np)Controls N R? Adj. R p ,\;?('; eolf
10 2(3?07592;) ?g%ﬁi&o ] ] ] 3(8.10309633 65 | 0.3525 | 03316 | 0.0000
a1 (%%gggg 2(8?02000-5;) ] ] - - 65 | 0.1743 | 0.1612 | 0.0005
1 2(87075(5‘21;) ] 1(%707233?4())0 ] i 1(05%240)0 65 | 0.3674 | 0.3470 | 0.0000
43 ?o%% ) 2(3.60600685) ) ; - 65 | 0.2860 | 0.2747 | 0.0000
1 2(87075(5‘21;) ] ] ] 1(107_83230 (102%233)0 65 | 0.3674 | 03470 | 0.0000
45 l(gflolfég;) ] ) ] 7(8.20201635) - 65 | 03590 | 0.3488 | 0.0000
45 Zozégélsi ] ] ] ] 1(3?02016(8);) 65 | 0.3122 | 0.3013 | 0.0000

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|55|0(np)Contr0Is N R? Adj. R? pl\;t)a('; eolf
48 -?(6)5.21%?24)0 (606.(1)35162) ] ] ] 1(8?0406689 63 | 02554 | 0.2305 | 0.0001
49 2(8.3072152? foégg-% i . - - 63 | 0.0174 | 0.0013 | 0.3026
50 -?321%%24)0 ] (605?&1)-3162) ] i 1(8?0406685) 63 | 0.2554 | 0.2305 | 0.0001
51 2(8?07;52;) . ?O?gg-;;) ) ] - 63 | 0.0174 | 0.0013 | 0.3026
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52 -%&;ggés)o - - - ‘23%2042'2? 1((1)?03065;‘;) 63 | 03443 | 0.3224 | 0.0000

53 1(8.40914525) - - - 5(2.70006685) - 63 | 0.2528 | 0.2406 | 0.0000

54 —(132&;%.{3)0 - - - - 1(8%0907611;) 63 | 02339 | 02213 | 0.0001
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Corg;;ant Vehlc(:s Year Engine Year Vehlc(I;)Type Fuezgype Emlssm?p)Controls N R?2 Adj. R? p ,\Z?é eolf
56 2(3.20105(53;) (87867'53) . . . (%81357‘;; 45 | 03161 | 02835 | 0.0003
57 2(8?0706(53;) (%78303()’ . . . . 45 | 02766 | 02598 | 0.0002
58 2(3?060563;) . 50%86310) . . . 45 | 03157 | 02997 | 0.0001
59 2(3?06056(2);) . . . . 593803? 45 | 03157 | 02997 | 0.0001

Table 57. Results from the Models with HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

N L [ g e e T I B PV I
10| Gooo) | o022 : ©.0000) | ey | 18| o3t | om | 00000
11 ?0%86606) (10?88'1206) i (%50780%;1 : i 173 | 01460 | 01359 | 0.0000
12 50(5.(7)8640?3 (10?3(1)56753 - - - (-02.%31;)3) 173 | 0.0505 | 0.0394 0.0122
13 505(1)(7)6206) (105(1)3'3332) - - - - 173 | 0.0494 | 0.0438 0.0033
 mml | mm e || mE || omo | ons | omo
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15 1(8?09005(1);) - (101_83;1?82) '(?5_7861625 - - 173 | 01107 | 0.1003 0.0000
16 (703?586803; - (gi&;‘l’g) - - ((2)'167522) 173 | 00101 | -00015 | 0.4211
17 (70%28630‘; - (8_1261'32) - - - 173 | 00092 | 00034 | 02102
18 1(8.30705(58;) : : fééggdg (50%‘1‘6897) (3_4811'23) 173 | 01566 | 01416 |  0.0000
19 1(840503(58;) - - (%43306()) (600.88623% - 173 | 01563 | 0.1464 0.0000
20 1(840804(53;) - - (325,070%? . (101_88'7702) 173 | 01276 | 01173 |  0.0000
21 ?02,336602 - - - (805.8364233 (géggg’) 173 | 00832 | 00724 | 0.0006
22 1(3?0001(58? - - (%4025031? - . 173 | 00893 | 00840 | 0.0001
23 (709886706) - - - (600886453) . 173 | 00683 | 00629 | 0.0005
24 (70(?(3)56600) - - - - (g%gi) 173 | 00068 | 00010 | 0.2804
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehic(lloe) Year Engine Year Vehic(ls)Type Fuesz)ype Emissio(np)ControIs N R Adj. R? p ’\Z:)aé ;If
26 1(8?0900685) (109526937) : '(3?3553? : (10932'2:‘43; 132 | 0.2862 | 0.2695 | 0.0000
27 1(3%0506(5(1)? (101,(8)3;14;; - '(%?gg(')%i - - 132 | 0.2659 | 0.2545 | 0.0000
28 (701.(2)(1)6706) (109%'7%9) . : : '(%)(.’ggfg 132 | 0.0348 | 00199 | 0.1015
29 (601,886005) (Sf"zogég) - - - - 132 | 0.0083 | 0.0006 | 0.2998
30 1(5?"080%3? - ('01_ 21'5% (%93&3 - g%gg 132 | 0.2729 | 0.2558 | 0.0000
31 1(8.7020068;) ) (og.gé;?o) (%7&?08? - - 132 | 0.2476 | 02359 | 0.0000
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32 ?07.586400) - ('07_ 22'72:’) - - (g 512823) 132 | 0.0293 | 0.0142 | 0.1470

33 ?008803043 - (Jéoffgjé:)l' - - - 132 | 0.0159 0.0083 0.1496

34 1((2)?000763? - - '(g?g&gi - (101.226092) 132 | 0.2726 | 0.2613 | 0.0000

35 1(3706090'8? - - (%75’50% - - 132 | 0.2475 0.2417 0.0000

36 ?02330606) - - - - (_3 (1)2175) 132 | 0.0217 0.0142 0.0919
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehlté:g Year Engine Year Vehlc(Is)Type Fuei;;ype Emlssm(np)Controls N R? Adj. R? p '\:?é eolf
38 1(3%2070'8;) . . (105_2124967) . . 41 | 00239 | -0.0011 | 03346

Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehlc(:;a) Year Engine Year Vehlc(lrtje)Type Fue;;;ype Emlssm(np;:ontrols N R? Adj. R? p '\:t(i; eolf
40 (209.6132637(; 1(8.100036(2);) . . . (%Ogéoéf 65 | 04349 | 04167 | 0.0000
41 (802.886497) (20?811629) . . . . 65 | 00917 | 00773 | 0.0000
42 (704331209) - 13?06050'85) - - :(3(? %%23)0 65 | 0.2446 0.2202 0.0002
43 1((2)%080668? - (8?68632) - - - 65 | 0.0043 | -0.0115 0.6026
43 (704(1)3120% - - - ?g%ggg))o 1(8306086(6)? 65 | 0.2446 0.2202 0.0002
45 1(3?050268? - - - ((2)45255%' - 65 | 0.0101 | -0.0056 0.4252
46 1(8?0406(58;) - - - - (3.3867";)2) 65 | 0.0004 | -0.0154 0.8716

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]
Equation Co?s;ant Vehltz:;e) Year Engine Year Vehlc(IF()e)Type Fuez;;ype Emlssme)Controls N R? Adj. R? p l\:tci; ecif
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48 _(?).1351'%? (300.886852) : : : (10%8'3000) 63 | 02714 | 02471 | 0.0001
49 (8?631'12) (30933'1743; : : : i 63 | 01552 | 0.1413 | 0.0014
50 _(?).1351'%? : 309886852) : : (10%8'3000) 63 | 02714 | 02471 | 0.0001
51 (8?631'12) : (300_88'1743; i : i 63 | 01552 | 0.1413 | 0.0014
52 (102.235021) : : i 1(5’060263;) (gisiig) 63 | 03792 | 03585 | 0.0000
53 (20§82540(; : : i 1(51010808? i 63 | 03722 | 03619 | 0.0000
54 (8,678313) : : i : (10?82595?; 63 | 01082 | 00936 | 0.0085
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehl(é:;?) Year Engine Year Vehlc(IFt)e)Type Fue;;;ype Emlssm(np)Controls N R? Adj. R? p '\:t;; eolf
56 (630?8(2)66033 (%4(?851%? : : : (10‘%22'273% 45 | 02050 | 01672 | 0.0081
57 (605.8(7)6905) _(%)%gé%; : : : : 45 | 01926 | 01738 | 0.0026
58 (5068(7)6108) : _(%)(.)5126%? : : : 45 | 01445 | 01246 | 0.0100
59 (5068(7)6108) : : : : '(%)‘?gfd%? 45 | 01445 | 01246 | 0.0100

Table 58. Results from the Models with NOx Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;[ant Vehitzl;) Year Engine Year Vehic(I;)Type Fuezr;l;ype E:Tﬁ]zzéﬁg N R2 Adj. R p '\Zt:(; ec:f

o [mmw mmm || mmm || | | ome | o | owe
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1 1(200.3836(;0 -?&%%%g)o ) '(132%)2;3)0 ] ; 173 | 03526 | 0.3450 0.0000
" 1(100.8286(;0 'fﬁ%é%ﬁ’)o ] ] ] (%2§§6§§ 173 | 03334 | 0.3256 0.0000
13 1?06.8836(;0 -?g.‘é%g)o . - - - 173 0.3201 0.3161 0.0000
P 1(00%886(;0 ] _?35536%05)0 (%6332% i (201_}13452(; 173 | 04295 | 04194 |  0.0000
15 1?0§gggbf;0 ] ?02%%%(?)0 (%Ggggg ; - 173 | 04279 | 04212 0.0000
6 1?01.3336(;0 ] ?611010253)0 ] i (3_0991-22) 173 | 04167 | 04098 |  0.0000
17 1?01.883630 ) ?03%%%3)0 ] - - 173 | 04167 | 04132 0.0000
18 8(390101(53? . : (16‘621;8)0 ?07%?6%;)0 (%310733;; 173 | 02183 | 02044 |  0.0000
1 ?8.1050368;) ] _ (107%%33)0 ?gég%g)o ; 173 | 02150 | 0.2058 0.0000
20 ?8?090268? ] ] (612?;6;? ] %g%‘(‘)%g)o 173 | 01552 | 0.1453 0.0000
1 7(3?050768? ] ] ] -?géégéo)o (3802??223 173 | 01918 | 0.1823 0.0000
2 38?0400635) ] _ _(1(??)36%75)0 ] ; 173 | 0.0439 | 0.0383 0.0057
’3 (28.107046(2)? ] ] ] '?g_%é%g)o ] 173 | 01697 | 0.1649 0.0000
o 3(2).0070562)? ] ] ] ] %g%%%(%o 173 | 01482 | 0.1432 0.0000
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitzl;) Year Engine Year Vehic(Ipe)Type Fuez;;ype Emissio(np)ControIs N R? Adj. R? p I\Z?(; :If
26 1(204383&)(;0 gg%%%(%o ] ?gg%g;‘)o ] (205_224807) 132 | 0.2494 | 02318 | 0.0000
07 1(2048886(;0 ?g%gg(%o ) 53221186)0 ] ; 132 | 0.2474 | 02358 | 0.0000
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28 1?0?28880 -?g.%%é-g)o ] ] ] '(‘(‘)Tgfégi’ 132 | 01976 | 01852 | 0.0000
29 1?04?88380 -?3%%%-01)0 i . - - 132 | 0.1879 | 0.1816 0.0000
20 1(101.(73836(;0 ] ?03?6%%(;3)0 ?gg%gg)o : %5%53?11)0 132 | 03233 | 03075 | 0.0000
a1 1(10.?.6836(;0 ] -?5‘5‘5%05)0 '(102&‘5-;)0 ; - 132 | 0.3172 | 0.3066 | 0.0000
w 1?0?3386(;0 ] -?g%g‘ég)o ] i (5331?70) 132 | 02982 | 0.2873 | 0.0000
33 1?02.8886(;0 ) -?g%‘é%g)o ) ; - 132 | 0.2982 | 0.2928 | 0.0000
9y %907030.8;) ] ] fg%%?ss)o ] (03%83512) 132 | 0.0793 | 00650 | 0.0049
35 38?080668;) ] ] '?3%%1-12)0 ) ; 132 | 00792 | 00722 | 0.0011
2 7(8?050768;) ] ] ] i (2802&%? 132 | 0.0267 | 00192 | 00613
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?s;[ant Vehlc(:)e) Year Engine Year Vehlc(ls)Type Fuengype Emlssm(np)Controls N R?2 Adj. R? p I\;tgg ecif

38 (205?)3651% ) ] (_333655?) ; - 41 | 00177 | -0.0075 | 0.4065
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehlc(:;e) Year Engine Year Vehlc(IF;e)Type Fuesz)ype Emlssm(np;:ontrols N R? Adj. R? p I\;t:; ec:f
20 1(201.8886(;0 -?01.11%30 ] ] ] '%ﬁ‘ézlg’)o 65 | 04443 | 0.4264 | 0.0000
4l 1(20?3886(;0 -?8%%%8)0 i . - - 65 | 0.4222 | 04130 | 0.0000
" 1(201.8886(;0 ] 1(?6083813())0 ) i %_6151%%;’ 65 | 0.4664 | 0.4492 | 0.0000
43 1(103(3;336(;0 . ?g%éég)o ] ; - 65 | 0.4446 | 0.4358 | 0.0000
43 121950.00 - - - 130001.00 -62350.50 65 | 0.4664 | 0.4492 | 0.0000
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(0.0000) (0.0283) (0.0002)
45 %8.7070462)? ] ] ] '?g'%%gg)o ; 65 | 0.3364 | 03259 | 0.0000
16 1?06.8886(;0 ] ] ] ] '?g"(‘)%‘(‘)'(%o 65 | 0.4230 | 04139 | 0.0000
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?rs);ant Vehlc(:;a) Year Engine Year Vehlc(IF()a)Type Fuesz)ype Emlssm(np)ControIs N R? Adj. R? p I\;tci; ec:f
18 4281.30001635) -gé%gg)o ] ] ] 1(3?01;68? 63 | 0.6414 | 0.6295 | 0.0000
49 7(84010368;) ?g%%)%ol)o i . - - 63 | 05010 | 0.4928 | 0.0000
o0 zzggoooldgg) ] ?géggg)o ] i 1(3?015168? 63 | 0.6414 | 0.6295 | 0.0000
51 7(84010368;) ) ?g%ﬁ%&)‘?’ ) ; - 63 | 05010 | 0.4928 | 0.0000
52 (15223(%0 : : : 2507%%5)0 2(8_10000(;3;’ 63 | 0.5088 | 0.4924 | 0.0000
e3 18.60907(58;) ] _ ] '?g_%ggz)o ; 63 | 01415 | 01274 | 0.0024
" -(g?ggl.g ] ] ] ] 1(3?5‘031%’ 63 | 01566 | 0.1428 | 0.0013

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?s;ant Vehlc(:;e) Year Engine Year Vehlc(IF;e)Type Fuesz)ype Emlssm(np;:ontrols N R?2 Adj. R? p I\;t:; ec:f
56 62890103625) %.40807625) ] ] ] '1(‘(‘)?018&()’0 45 | 04628 | 04372 | 0.0000
57 1?07.8356(;0 -?3’31%%0 i . - - 45 | 0.1349 | 0.1147 | 0.0131
£g 1(00§(7)(1)81.0c;0 ] ?gé%ggo ; - - 45 | 0.2821 | 0.2654 | 0.0002
5 1?0?(7)(1)3&)(;0 ] ] ] i '?6‘_%%%24)0 45 | 02821 | 0.2654 | 0.0002
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Table 59. Results from the Models with PM Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corg;;ant Vehicélpe) Year Engine Year Vehic(lpe) Type Fuezl;l;ype EC@%EE(I)C;Q N R Adj. R? p ,\Z?é eo|f
10 (105??)(2)610‘; (g%gég) i (0122;3?77) i (O%Zi8580) 173 0.3384 | 0.3266 0.0000
1 (10§?)864OG) (5 %%‘53) - (6?312'82%)) - . 173 | 03357 | 03279 |  0.0000
12 (107,?)868033 (S %ﬁf’g‘) - - - (02_259983) 173 | 03325 | 03247 | 0.0000
13 (107,8(1)6300) (S %%ﬁé’) - - - - 173 | 03319 | 0.3280 0.0000
14 (105,836600) - ('S_ %%’5102) ((')?527'22) - (3_3’012&2) 173 | 04054 | 0.3949 0.0000
5| ooy | ooy | (e7r5) : ~ | s | oseee | ommm | ooooo
10 (0.0000) ] (0.0000) - - ©osg) | 173 | 04043 | 03073 | 00000
17 (10(?(1)85909) - ('5'_ %%028) - - - 173 | 03864 | 03828 | 0.0000
18 (101,385705) - - (32823;") (3%577) ((')_2796‘%) 173 | 01175 | 01018 |  0.0001
19 (101.8(2)65033 : : (013;%1628) (3%%5’8 i 173 | 04167 | 01064 |  0.0000
20 | o000 : : (0.5926) : ovos | 173 | 00723 | 00613 | 00017
21 (109(7)86605) - - - (g?)%g;) (6‘_33?5'(3)2) 173 | 01124 | 01019 |  0.0000
22 (3?05(538) - - ('3_352-963 - - 173 | 00084 | 00026 | 0.2294
23 (8?03(53(1)) - - - ('g_%%gg) - 173 | 01078 | 01026 | 0.0000
24 (101.386601) : : : : ('g_%ég% 170 | 00723 | 00668 | 0.0003

80¢



Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(E:Je) Year Engine Year Vehic(IF()e)Type Fue;;;ype Emissio(np)ControIs N R2 Adj. R? p ,\Zt:é ecif
26 (108.886805) ('g‘é%gg) - ('3.92‘1'35 - (353410) 132 | 0.2622 | 0.2449 0.0000
o | pmel ome | | | [T o | oo
28 (107.88650% (g‘éégol) . . . (oééjgz) 132 | 0.2531 | 02415 | 0.0000
29 (107.3(%)60033 (gé%)os(% . . . . 132 | 02530 | 0.2473 | 0.0000
0 | oee | amm | ES | | o ] oww | oww | oow
31 (105.886905) . ('07_ %%gg) (0§2i95(52) . . 132 | 03281 | 03177 | 0.0000
o e [ aes - | | g e | oow | oo
33 30??)86601) . ('g%g'ogg) . . . 132 | 0.3267 | 0.3216 | 0.0000
34 (101.?)?)6200) - - (3225’13) - (0_.3'5?772) 132 | 0.0147 | -0.0006 | 0.3858
35 (101?)(7)00(; - - (52%76(% - - 132 | 0.0146 0.0071 0.1670
36 (100(7)80605) - - - - (06:’1?1?1) 132 | 0.0051 0.0025 0.4144

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehlilrf) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R?2 Adj. R? pl\;'i)a(';eolf

38 (01.368010) - - (O-ég556) - - 41 | 0.0374 0.0127 0.2256
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehltz:;e) Year Engine Year Vehlc(IF()e)Type Fuez;;ype Emlssme)Controls N R? Adj. R? p l\:tci; ecif

40 1750.02 -410.69 - - - -181.71 65 | 0.2761 0.2528 0.0000
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(0.0000) (0.1989) (0.3985)
41 (10888670‘; (§ %%‘55) - : - . 65 | 02677 | 0.2561 | 0.0000
42 (202,3352063 ; ;%‘?5‘5‘52? - - (40‘%86806) 65 | 05331 | 05180 | 0.0000
43 (10§(1)(1)600()) - ('S_ ﬁ%’&ol) - - - 65 | 0.3054 | 0.2944 | 0.0000
43 (203335206) - - - (Goégg&a; _(%%()76(73; 65 | 05331 | 0.5180 | 0.0000
45 (101836308) - - - ((1)101073(5); - 65 | 01317 | 01179 | 0.0030
% | 0000 : : : : (00600 65 | 0.2564 | 02446 | 0.0000
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]
Equation Co?;;ant Vehl(é:;?) Year Engine Year Vehlc(lrt)e)Type Fue;;;ype Emlssm(np)Controls N R? Adj. R? p ,\:t;; eolf
48 (3?’0%?3) (3 %%‘503) - - - (S?o%gg) 63 | 0.6135 | 0.6007 | 0.0000
49 (105,(3)86505) (3 éﬁfg) - - - . 63 | 04236 | 04142 | 0.0000
50 (8?’0%?5) ; ('5'_ %%‘53) - - ((2)?006&2)) 63 | 0.6135 | 0.6006 | 0.0000
°1 (1053865053 - (_{?_ (7)%)'(?07) - - - 63 | 04236 | 04142 | 0.0000
52 {5‘, %%386) - - - '(%fggdgﬁ (g%%gg) 63 | 05095 | 04931 | 0.0000
53 (3,201(533) - - - ('g_%ifg) . 63 | 00972 | 00824 | 0.0128
>4 (-51, 21%)'570) - - - - (8902683) 63 | 0.2071 | 01941 | 0.0002
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
Equation Co?;;ant Vehli:;e) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|SS|o(np)Contr0Is N R Adj. R? p,\ji,aé;f
% | o000 | (00602 : : : 0.0010) 45 | 04809 | 04562 | 0.0000
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1875.88

-540.74

>7 (0.0000) (0.0000) - . 45 | 03267 | 03111 | 0.0000
1706.86 551.27

58 (0.0000) - (0.0000) - 45 | 0.4451 | 0.4322 | 0.0000
1706.86 -826.90

> (0.0000) ; - (0.0000) 45 | 04451 | 0.4322 | 0.0000
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OP Modes 33-40

Table 60. Results from the Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corgrs);ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueh;l;ype E:rgifgzgl)g N R2 Adj. R? p I\;tci; ec:f
10 2(3.4080968? (109123?83? ] ((1)33?312()’ i (%60235‘;; 105 | 02067 | 0.1832 |  0.0000
1 2(3.7060068? (‘éoggog . (%902501§ ] - 105 | 01447 | 0.1279 0.0003
o 2(8.30805689 (10619511%? ] ] i (%901011;? 105 | 02006 | 0.1850 |  0.0000
13 1(8.2000768;) (‘éoggog ) - - - 105 | 0.1144 | 0.1058 0.0004
" 2(8.2070968;) ] (é7f704223; ((1)04?58%:)3 i (%5035493 105 | 02039 | 0.1803 |  0.0000
15 1(8%90863;) ] (?68550% (%111;32%’ ; - 105 | 01547 | 0.1381 0.0002
16 1(8?0507(58;) ] _(%)éfgd% i i '(%?ggéé‘)) 105 | 02001 | 0.1844 |  0.0000
17 1(3.()090263;) ) _(Lcl)(.)c?gdi()) - - - 105 | 0.1391 | 0.1307 0.0001
18 1(8%010668? ] ] '((1)‘_5;295? '(%‘_‘243?;1‘)‘ _(%L.lggsﬁ 105 | 02003 | 0.1765 |  0.0000
19 1(2.1090168? ] ] -(?6.2073?3'2; '(102_283-11)0 : 105 | 01635 | 0.1471 0.0001
20 1(8.3050068? ] ] (3;3(;315) i -(%%osgd%? 105 | 01892 | 01733 0.0000
)1 1(34090368? ] ] ] (?6737?92; 'é?é‘&j‘; 105 | 01926 | 0.1768 0.0000
9 1(8.2090968;) ] ] (%809?9%; - ; 105 | 0.0296 | 0.0201 0.0795
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’3 1(8?060ng§> ] ] ] _(102%%'2%0 ; 105 | 01255 | 0.1171 0.0002
o 1(270700(;8;) ] ] ] ] _(%,5556?);1 105 | 01865 | 0.1786 0.0000
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corg;;ant Vehiczlpe) Year Engine Year Vehic(l;)Type Fueé;)’ype Emissio(np)ControIs N R?2 Adj. R? p I\;t&g ec:f
- 2(3%4050.(1);) (10627538%3 ] ((2)827126?)‘ ] (%)725052‘;; 84 | 01060 | 00725 | 0.0291
07 2(3%6090.8;) ((2311857;1 ) (‘(‘)45255%? ) - 84 | 00875 | 00650 | 0.0245
28 2(89030868;) (%)45245%; ] i i (%65265420? 84 | 0.0886 | 00661 | 0.0233
29 1(8.108040.8;) (%31327125)3 . . - - 84 | 0.0291 | 0.0172 0.1210
% 2(8.6020163;) ] ((1)33?7163 -(2522-7088 ] (%)7276‘5‘;3 84 | 01010 | 00673 | 0.0356
31 2(8%0706685) ] (%)93;3%? '(?65_307%35)3 - - 84 | 00827 | 0.0600 | 0.0304
- 1(8?0004(53;) ] (%)4537;*)3 ] i _(%L.‘gf:é()) 84 | 0.0881 | 0.0656 | 0.0239
33 1((7)%60368;) . ;ﬁi‘f’é’g@? ] ; - 84 | 0.0413 | 0.026 0.0639
" 1(8?0502685) ] ] _(%égf?ég) ] élfg’ez? 84 | 00921 | 00697 | 0.0200
35 1(8?06026(1)? ] ] '(?)?3212-‘5 ] - 84 | 0.0622 | 00508 | 0.0221
2% 1(3%090368;) ] ] ] i '(%?gfd‘g 84 | 0.0776 | 0.0664 | 0.0103

Models for CNG Fuel Trucks-E~f(VT) [37]
Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? p I\Z?(; :If
38 (207.886819) . ] (é§852-2i) ; - 21 | 0.0027 | -0.0498 | 0.8241
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Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R2 Adj. R? p I\;t:é ecif
10 2(8.7090968? (%)3%32? ] ] ] (%63125?)3 44 | 03091 | 0.2754 | 0.0005
41 2(3%08026(2)? -(g%g(-g . . - - 44 | 0.2655 | 0.2480 0.0003
i 2(8.1090168? ] ?g?i%?;go ) ] 1(8.43337?;%’ 44 | 03385 | 0.2062 | 0.0002
43 2(8%5050.8;) . (g25130215)3 ) ; - 44 | 03230 | 0.3069 | 0.0001
i3 2(3109010.8;) ] ] ] 2(8?18637'39 (%951157% 44 | 03385 | 03062 | 0.0002
i 1(89050868;) . ] ] (16‘2060‘(‘)77)0 - 44 | 02399 | 02218 | 0.0007
16 1(8.7060068;) ] ] ] ] (‘(‘)40730‘5 44 | 03066 | 0.2901 | 0.0001

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(IF()a)Type Fuezp;l)'ype Emlssm(np;:ontrols N R? Adj. R? p I\zt;; ecif
18 1(3106026%) -(%.3852-24)1 ] ] ] ('3%55) 30 | 0.2229 | 01653 | 0.0332
49 (905?3(2)6203) (%351?;)3 . . - - 30 | 0.2074 | 0.1790 0.0115
50 1(3106026%) ] -(%?(?152-2‘)1 ] i ('3%595) 30 | 0.2229 | 0.1653 | 0.0332
£1 ?0§3(2)620?3 ) ((2)301f13éf)3 - - - 30 | 02074 | 01790 | 0.0115
5 (7093321128) ] ] ] (?671192277;1 ((')%éig) 30 | 00781 | 00098 | 03336
63 2509886304; . ] ] '(%?fgéjg’ - 30 | 0.0779 | 0.0449 | 0.1354
" ggg;g; ] ] ] i (5‘3595‘56) 30 | 0.0171 | -0.0180 | 0.4905

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs N R Adj. R? p I\;gaé ecif
56 2(3?070362? '(%.72614? - - - (50328'4220) 31 | 0.0300 | -0.0393 | 0.6525
57 2((2)9020468? '(t?ffzé()) - - - - 31 | 0.0205 | -0.0133 | 0.4422
58 2(8%8030'35) - ((1)252?5%‘)1 - - - 31 | 0.0110 | -0.0231 | 0.5751
59 2(8.6080363;) : : : i (%)8533591()5 31 | 00110 | -0.0231 | 05751

Table 61. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corg;;ant Vehiczlpe) Year Engine Year Vehic(ls)Type Fuezp;l)'ype E:TEI]EE:JCI)Q N R? Adj. R? pl\zgjlé;f
o | eee | mmm | | gmm | | mam s | omo | oow | oo
11 (70‘%9451) (202_§§'7885) i ?06_?‘7"147% : : 105 | 00261 | 00070 | 0.259
12 1(8%4341';;) (3_7942'12) i i : (20‘%22'2712) 105 | 00219 | 00027 | 03238
13 1(350213739 (201322109) i i i : 105 | 00080 | -0.0016 | 0.3640
14 (708,28503?3 (1042111'3325) ?oég?)é?e‘; ) (102,;33391) 105 | 00335 | 00048 | 03262
15 ?09835671) - (205_55'1715; ?01_22'7746) - - 105 | 0.0306 | 0.0116 0.2048
16 1(8.2021363? - (102_2%386) - - (10%8'7417) 105 | 0.0235 | 0.0044 0.2971
17 1(3?04066(2)? - (208_‘1536136) - - - 105 | 0.0166 | 0.0070 0.1903
o | W | o | e | s | owes | owas | oo
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19 (530%;?-501“; ] ] 50%836436; 2(8?0409025) ] 105 | 0.1467 | 0.1300 0.0003

20 230582.2620) ] ] (30%25299) ] (209‘2‘2'3026) 105 | 00310 | 00120 0.2003

o1 1(3.301006;? ] . ] %3903090-%’ (%013;53 105 | 01388 | 0.1219 0.0005

2 1(8?090355;;) ] . z‘:‘i%oo‘; ] ; 105 | 0.0180 | 0.0084 0.1730

’3 ?0?88-1718) ] ] ] 2(8.20304635) - 105 | 01223 | 0.1138 0.0003

o 1(8%0067.?;) ] ] ] ) (205.’%.350‘; 105 | 00218 | 00123 0.1330
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(Is)Type Fueé;)’ype Emissio(np)ControIs N R? Adj. R? p I\zt;;\; ecif
i 1(8704096613;) (%485141§ ] (505_612-1412) ] (‘(‘)0519225)5 84 | 0.1536 | 01218 | 0.0038
”7 1(3.0030763) -(?)5?51636516)3 ] (108_‘71‘2‘;1808) ) ; 84 | 0.0837 | 00611 | 0.0290
28 1(3.20307(58;) (%753}536)3 ] ] ) _(%.339142; 84 | 01079 | 00859 | 0.0098
29 1(8?03006(2)? -(é%llég . . - - 84 | 0.0764 | 0.0651 0.0109
20 1(3%%%2? ] -(%?02&%? (603?)25;6) i '(‘(‘)(l’g’fﬁ)) 84 | 0431 | 01109 | 0.0061
31 1(3.003086471? . _(?)_ngs'g (301_‘;‘3-567“3 ; - 84 | 0.0758 | 00530 | 0.0411
- 1(3.708016(1);) ] -(%?fj%f; ] i (%119552()’ 84 | 0.0821 | 00595 | 0.0311
33 1(g§030268;) ) (2609;93()) ] - - 84 | 0.0564 | 0.0449 | 0.0297
iy (9098868693 ] ] 2309;2-7228) ) (‘(‘)85322()) 84 | 01132 | 00913 | 0.0077
- 2305(7)3.3979) ] ] (105_251’-201‘; - - 84 | 0.0053 | -0.0069 | 0.5121
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36 %3?01006(7)? - - - - (%0032172:;' 84 | 0.0578 0.0463 0.0276
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corgrs);ant Vehlcé:)e) Year Engine Year Vehlc(IF()e)Type Fuezi;l)'ype Emlssm(np)ControIs N R Adj. R? p I\;gaé ecif

38 2(8312047%) - - ]&gil?gég) - - 21 | 0.0933 0.0456 0.1782
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corg;;ant Vehlczlpe) Year Engine Year Vehlc(I;)Type Fueé;)’ype Emlssm(np)ControIs N R?2 Adj. R? p I\;t&g ec:f
40 ©oseh | (.50 : : : 0850 44 | 01990 | 01599 | 0.0106
41 (306?3353 (5301_8(15965% : : . . 44 | 01232 | 01023 | 0.0195
42 (707.82'3285) : o 22%0 : : 1(8724352'2;3 44 | 02079 | 0.1693 | 0.0084
43 ?03839161) . (505_584026) . . . 44 | 01796 | 01600 | 0.0042
43 s . : : 03670 09903 44 | 02079 | 01693 | 0.0084
45 (705l(8)g'5525) . . . 1(8_703061'3? . 44 | 02078 | 01889 | 0.0019
46 ?0732'1692) - - - - (40182'2397) 44 | 01919 | 0.1726 | 0.0029

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R? Adj. R? p '\zt:; ec:f
48 (10732'25953 ?02_;35723; - - - (105%'2958) 30 | 0.0614 | -0.0081 | 0.4249
49 2503?225348) ?ngcl)géof; - - - - 30 | 00582 | 0.0246 | 0.1991
50 (1078225953 - (902288723; - - (106%2958) 30 | 0.0614 -0.0081 0.4249
51 (?22&;34% . s(agolggf . . . 30 | 0.0582 | 00246 | 0.1991
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o 2(8.3231951? ] ] ] 5(8'407196%’ '(‘(‘)?fgg-%‘)‘ 30 | 0992 | 01399 | 0.0498
e3 1(8.3265162? ] ] ] 13%9188-%’ - 30 | 01820 | 0.1528 | 0.0187
o 1(3239301.3? ] ] ] ] (10§§gi39‘5) 30 | 0.0036 | -0.0320 | 0.7519
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
Equation Corg;;ant Vehlczlpe) Year Engine Year Vehlc(I;)Type Fueé;)’ype Emlssm?p)Controls N R?2 Adj. R? p I\;t&g ec:f
56 2(8.304060?;) -(132%-33)0 ] ] ] ?0?2%549) 31 | 02641 | 02115 | 0.0137
57 2(340801(58;) (248354;? ) ] - - 31 | 0.2392 | 02130 | 0.0052
Eg 1(8903036411;) . (?)SSZYOZ; ] - - 31 | 01710 | 0.1424 | 0.0208
59 1(3903036411;) ] ] ] i (%3022103()5 31 | 01710 | 0.1424 | 0.0208
Table 62. Results from the Models with HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]
Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(ls)Type Fuezp;l)'ype E:?%EE:)(I)Q N R? Adj. R? pl\ztci; ecif
10 1(89010068;) (0786%8941) ] (?60577658; i (%)73779‘;? 105 | 00714 | 00439 | 0.0570
1 1(3}09066853 (%211313 ) (‘(‘)1&;52()) ] ; 105 | 0.0547 | 0.0361 0.0569
o 1(8.50803655) (-5.88%2) ] ] ) -(%%E?ég)l 105 | 00544 | 0.0359 0.0576
13 1((2)%0046&;;) -(%?f;(ﬁ? . . - - 105 0.0200 | 0.0105 0.1501
" 1(8?030053? ] -((1)‘_15171-%)‘)5 '(36‘_)11775-‘;‘)‘ i '(%)ifé‘i? 105 | 00760 | 0.0485 | 0.0456
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15 1(8?020063? ] _(3%3853{391;1 '(?(’fggég? - - 105 | 0.0678 | 0.0496 0.0278
16 1(3?0203(3;) ] -(g?f%%; ] ] (%)81%035;? 105 | 00589 | 0.0405 0.0452
17 1((2)9010463? ) -(%?ggég ] - - 105 | 0.0422 | 0.0329 0.0356
18 1(8.107020-85) ] . _(?6.2177863 _(?6(.)6224%? (%)5\;58% 105 | 00717 | 0.0441 0.0562
19 1(3.3080263;) ] ] (33323? (275‘;1‘5’ : 105 | 00628 | 0.0445 0.0365
20 1(8.103066(1);) ] ] (%784;? i (%102212; 105 | 00697 | 00515 | 0.0251
n | B2 ] _ _ ooon | (oor6n | 105 | 0042 | 00357 | 00582
9 1(3%2080-8;) ] ] (‘(‘)0(?;‘83’3 - - 105 | 00343 | 0.0250 0.0584
’3 1(8§0105dg;) ] ; i (21171703:’; : 105 | 00246 | 00151 | 0.1103
o 1(8%10568;) ] ] i i (%55&25; 105 | 00542 | 00450 | 0.0168
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueé{;l;ype Emissio(np)ControIs N R? Adj. R? p I\;t:; ec:f
26 1((7)?»010961;) (—&%gg ] '(%_73:;;‘)‘ ] ('giggg) 84 | 0.0668 | 00318 | 0.1348
”7 1((7)%60762;) (—323?62) ) (23(?2733*)3 ; - 84 | 0.0653 | 00422 | 0.0648
28 1(8.701016%;) (—3%86-8127) ] ] ] 'é?fgg‘)’ 84 | 00310 | 00071 | 02795
29 1(3906070.3? (Elésgﬁﬁ . . - - 84 | 0.0037 | -0.0084 | 0.5821
20 1(3100070.8? ] (%)255;18%;5 (24(?56‘; i (317%5293) 84 | 0.0694 | 00345 | 0.1222
31 1(890606(53;) ] (%4551‘5‘;? (%nglg ; - 84 | 0.0686 | 0.0456 | 0.0561
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- 1(3.1070863? ] _(%)&,3285625 ] i i%,lzogig()s 84 | 0.0365 | 00127 | 0.2220

33 1((2).7090468? . -(%?2?55-305()) ] - - 84 | 00192 | 0.0073 | 0.2085

" 1(2%080263? ] ] '(%"3013625)3 ] (_3663'3?11) 84 | 00654 | 00423 | 0.0646

3 1(8?0404(58;) ] . '(g‘_‘olgl-ii ) - 84 | 0.0629 | 00515 | 0.0214

2 1(8.3030863;) ] ] i i (%517 1613? 84 | 0.0307 | 00188 | 0.1112
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fueép;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;tg\é ecif
38 (20482.7550) . ] (101_‘112545‘; - - 21 | 0.0904 | 0.0425 | 0.1855

Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(IF()a)Type Fuezp;l)'ype Emlssm(np;:ontrols N R? Adj. R? p I\zt;; ecif
10 (10%2668(; 1(8404091-(1)? ] ] i (15’(%%‘?)0 44 | 02631 | 02271 | 0.0019
41 l(g?;i? (gf5851-§(5)) . . - - 44 | 0.0013 | -0.0224 | 0.8130
2 (604%411254653 ] 7(3%6012-(2);) ] : '?3%%%44)0 44 | 02424 | 02055 | 0.0034
13 1(3?03061'(1)? . (%%&i; ] - - 44 | 0.0246 | 0.0014 | 0.3091
1 250{411254653 ] ] ] 'Zé‘_ggég)o 1((7)%6087'35’ 44 | 02424 | 02055 | 0.0034
45 1(8.50608635) . ] ] '(13(1)3?-23)0 - 44 | 00956 | 0.0740 | 0.0412
40 1(8.3050462;) ] ] ] i (%330‘5 44 | 00405 | 00176 | 0.1905

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]
Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? p I\Z?(; :If
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48 (20?‘1‘;'546‘; (gigifé) - - - (01.862398) 30 | 0.0195 | -0.0532 | 0.7668
49 (203782625% (gigégg) - - - - 30 | 0.0194 | -0.0156 | 0.4629
50 (20?‘1‘;'546‘; - (8?497'%) - - (01.862398) 30 | 0.0195 | -0.0532 | 0.7668
51 (203.826258) - (3949628) - - - 30 | 0.0194 | -0.0156 | 0.4629
52 (3016?9403) i i i (2078;635 (02%3?% 30 | 01050 | 0.0387 | 02237
53 (20488.1699) - i i (203_28962% i 30 | 00890 | 0.0565 | 0.1092
54 (309829275) i i i i (5553515) 30 | 00001 | -0.0356 | 0.9555
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(IFt)e)Type Fuezp;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;t;; ecif
56 2(8%5080'2;) '?ggglgf)o - - - 2(8.2087163;) 31 | 0.2377 | 0.1833 | 0.0224
57 2(8?06031'19 '(395543? : : : : 31 | 01454 | 01159 | 0.0343
58 1(8706035'55’ - '(g?’fgdfs - - - 31 | 0.0701 | 0.0380 | 0.1500
59 1(8706035'55’ - - - - '(g‘.‘fgdgf; 31 | 0.0701 | 0.0380 | 0.1500

Table 63. Results from the Models of NOx Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

cunion | O | VoY | ey | Versoron | mtes [ Gl [ | e | g
o | e | - | e | - | am® | s | osm | owee | oo
11 12‘018583;0 '?(‘)‘_%%ég)o - '(102_‘%80 - - 105 | 0.3457 | 0.3328 0.0000
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o 1?033336(;0 -?8%%%-01)0 ] ] ] _(%???féji 105 | 0.33% | 0.3267 0.0000
13 1301.88380 -?é%%’o(;g)o . . - - 105 0.3330 | 0.3265 0.0000
" 1%0?8836(;0 ] _?gt%%g)o (%963755;‘)‘ i (('fgé%g) 105 | 03322 | 03124 | 0.0000
15 1(105,8386(;0 ] -?8%%‘(‘)3)0 '(%?ggz-% ] - 105 | 03322 | 03101 0.0000
16 1(103?3886(;0 ] ?g%%‘ég)o ] i ('gg‘éj’g 105 | 03311 | 03179 |  0.0000
17 1(10?8386(;0 ) ?8%%908)0 ] - - 105 | 0.3310 | 0.3245 0.0000
18 337060863;) : : (365725262()) ?gzsggg)o 23323241)0 105 | 01561 | 01311 | 0.0006
19 ?8.60408689 ] ] (16‘?1%%%0 Zg%%%;)o - 105 | 01186 | 0.1013 0.0016
20 %1.405000.8;) ] ] (02.863729) ] ?gggglo)o 105 | 01501 | 0.1335 0.0002
o1 52(2)709086(1);) ] ] ] ?5103%5)0 %g%igé)o 105 | 0.1553 | 0.1388 0.0002
2 (28.70006685) ] ) '(152‘&77-5)0 ; ; 105 | 0.0119 | 0.0023 0.2676
’3 7(8%50468;) ] ] ] 'Zg_%‘(‘)gg’)o ; 105 | 01018 | 0.0931 0.0009
y %.40608685) ] ] ] ] ?01%%%01)0 105 | 01501 | 0.1419 0.0000
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehiilg) Year Engine Year Vehic(I;)Type Fuezr;;ype Emissio(np)ControIs N R? Adj. R? p njt)aé :If
28 1(410§g(1)gb(;0 ?61%36%)(%0 ] (102;%%0 ] (‘(‘)825723? 84 | 02811 | 02542 | 0.0000
07 1(410§(7)ggb(;0 ?S%‘é%(%o . -(107_1138344)0 ) ; 84 | 02779 | 02601 | 0.0000
O+ N I I - C R D=

¢ac



29 1302.38380 -?8%3(‘)%-02)0 . . - - 84 | 0.2585 | 0.2494 | 0.0000
20 1(107.3386(;0 ] -E‘rgg‘(‘)gg)o (%)253?02? i '(%?ggé‘é‘; 84 | 02629 | 0.2352 | 0.0000
31 1(107.8386(;0 ] -?3%%(1)80 (%9;3:7‘;? ; - 84 | 0.2614 | 0.2431 | 0.0000
- 1(10§gggbc;0 ] ?62%%?68)0 ] ] (3(’)75’;’0%‘)5 84 | 02628 | 0.2446 | 0.0000
23 1(1043386(;0 ) ?5‘%%%5‘)0 ] - - 84 | 0.2604 | 0.2514 | 0.0000
2 528903050.8;) ] ] (27781622? ] (1522‘;79)0 84 | 0.0612 | 0.0380 | 0.0774
2 %.707086(1)? ] ) '?8%%0 ] - 84 | 0.0266 | 00147 | 0.1384
25 223709080.(1);) ] ] ] ] (107 %2221)0 84 | 0.0596 | 0.0482 | 0.0252
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?s;[ant Vehlc(I:) Year Engine Year Vehlc(I:)Type Fue;;;ype Emlssm(np;:ontrols N R? Adj. R? p '\:t(i; eolf

38 (8?57222) ] ) (8%17-5% ] - 21 | 0.1528 | 0.1083 | 0.0797
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehlc(:;e) Year Engine Year Vehlc(IF;e)Type Fuesz)ype Em|53|0(np)Contr0Is N R? Adj. R? p ’\;'E)a('; t;)If
40 1;‘53833? -?g.%gz;%o - - - (402%'5688) 44 | 04278 | 0.3999 | 0.0000
i 1?05,(7)(1)36(;0 -?5.%)%%(?)0 ] ] ; - 44 | 0.4265 | 0.4128 | 0.0000
12 1?02.5386(;0 ] 3’(%5(%32?0 ] i 22)0?38‘15-1(;0 44 | 05111 | 04873 | 0.0000
43 1(102.8(1)36(;0 ) -?3%)%89)0 ] ; - 44 | 0.3644 | 0.3493 | 0.0000
43 1?02.(7)386(;0 : i i 3(205_838'2(;0 1(%)78351030 44 | 05111 | 04873 | 0.0000
45 82312.40 - - - -81984.90 - 44 | 0.1876 | 0.1683 | 0.0033
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(0.0000) (0.0033)
40 1?0373856(;0 ] ] ] ] '?3%%%’16)0 44 | 03180 | 03018 | 0.0001
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?rs);ant Vehli:)e) Year Engine Year Vehlc(Ipe)Type Fuengype Em|55|o(np)Contr0Is N R? Adj. R? p ,\;toa(; ecif
18 322.31826625) -?3%%2-31)0 ] ] ] 1((3)?003%;;) 30 | 03711 | 03245 | 0.0019
49 7(8%0090.3;) -?07.2%294)0 . . - - 30 | 0.2606 | 0.2342 0.0039
o 928,3182%8;) ] 55%96331)0 ] i 1(8?00323;;3 30 | 03711 | 0.3245 | 0.0019
51 7(8?000963;) ) ?gg%g;‘)o ] - - 30 | 0.2606 | 0.2342 | 0.0039
52 (1522374)0 ] ] i _?(%813347)0 2(87035‘7-i;3 30 | 0.2867 | 0.2339 | 0.0105
e3 928.209019.3;) ] ] ] ?gi‘éégo ; 30 | 00622 | 0.0287 | 0.1839
5 (%476;0%1 ] ] ] ) 1((2)?027%2;’ 30 | 01059 | 0.0739 | 0.0794

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?s;[ant Vehlc(:)e) Year Engine Year Vehlc(ls)Type Fuengype Emlssm(np;:ontrols N R Adj. R? p ’\:toa(; eolf
56 1?093333;0 '?01_375%02)0 - - - '?&86‘53'61)0 31 | 0.3101 | 0.2608 0.0055
57 1(506.5836(;0 -?5.2221-23)0 . . - - 31 | 0.3063 | 0.2824 | 0.0012
£g 1(::,048138.0(;0 ) ?&%%113)0 ; - - 31 | 02961 | 02718 | 0.0016
59 1(30{3336(;0 ] ] ] ] '?&%%21';’)0 31 | 02061 | 02718 | 0.0016
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Table 64. Results from the Models with PM Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corg;;ant Vehité:ae) Year Engine Year Vehic(Ipe)Type Fueép‘l;ype Co?;;OIS N R Adj. R? p ,\thé :|f
10 (105.886201) ('5‘_ %%gg) i (6?22'%3) i (33539213) 105 | 03200 | 02998 |  0.0000
11 (106_85680?3 ('3 %%802) - (013515%) - . 105 | 03002 | 02865 |  0.0000
12 (105?)56706) (_61_ %)%078) - - - ('&%j'gf) 105 | 03184 | 03050 |  0.0000
13 (10%3(8)6400) ('3 %35‘3) - - - . 105 | 02912 | 02843 |  0.0000
14 (10%3)86706) (3.80%83) (0_99';28) : (3%615) 105 | 02952 | 02743 |  0.0000
15 (102_356807) - ('g'_ %%gg) (('):_)’%27'2% - - 105 0.2829 0.2688 0.0000
16 (000000 : (0.0002) : : 0175 | 105 | 0291 | 02813 | 0000
17 (102_885002) - ({,‘ %%Sg‘) - - - 105 | 02823 | 02753 |  0.0000
18 (00000 . : 0807 | (©6%60) | (oooos | 105 | 01931 | o1esL | 0.0001
19 (37‘03(533) - - (35218729) (g%%;g) . 105 | 00909 | 00730 | 0.0078
20 (101.(1)86706) - - (0‘%;'123‘2) - (5’ %%gol) 105 | 01913 | 04754 |  0.0000
21 (101_8(1)65()‘; - - - (é?%gf) ('3 (1)%0339) 105 | 01909 | 04751 |  0.0000
22 (3_507(538) - - (323255 - . 105 | 00084 | -0.0012 | 0.3523
23 (3908(533) - - - (5%%3?72) . 105 | 00788 | 00699 | 0.0037
24 (101.?)36702) - : : : (ggggg) 105 | 01902 | 0.1823 |  0.0000
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Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R Adj. R? p h;?(; ecif
26 (106?38&)200) (_61_ %%8101) - (0§é58574) - ('53925313) 84 | 0.2897 | 0.2630 | 0.0000
21 (10§386405) (_c?. %%'0701) - ('5_722'81; - - 84 | 0.2458 | 02272 | 0.0000
2 | o000 | (00000) : : : 00154 84 | 02894 | 02718 | 00000
29 (105,3866033 ('5’_ %%)0707) - - - . 84 | 02333 | 02239 | 0.0000
20| o000 . 00003 02760 : 0048 84 | 02664 | 02389 | 0.0000
31 (102.8861033 - (g%gg’g) (019631%3) i i 84 | 0.2282 | 02091 | 0.0000
2| 00000 : 00002 : : (0,005 84 | 02592 | 02409 | 0.0000
33 (102,3(7)&)30‘; - (3_%%‘5’5 - - - 84 | 02281 | 0.2187 | 0.0000
34 (109886703) - - (3958722) - ('3?)%'23; 84 | 01252 | 01036 | 0.0044
3 (3?05688) - - ('523'53) - - 84 | 00181 | 00061 | 0.2228
36 (101,8(1)&)501; - - - - ('g g%'ff) 84 | 01217 | 01110 | 0.0011
Models for CNG Fuel Trucks-E~f(VT) [37]
Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R Adj. R? p '\zt;; ec:f
38 (0,3(5821) - - (8:?13%8) - - 84 | 00312 | -0.0198 | 0.4439
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]
Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? | P I\Z?(; :If
40 1540.44 -576.31 - - - 7.78 44 | 03198 | 0.2866 | 0.0004
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(0.0000) (0.0474) (0.9668)
41 (105.836705; ('gg%gf) : : i i 44 | 03198 | 03036 | 0.0001
42 (10§88680‘; - _(%(.)0136?);1 : i (303?38620‘; 44 | 05411 | 05188 | 0.0000
43 (101.?)8640% ; ('g_ %96.(())11) i i i 44 | 03027 | 02860 | 0.0001
43 (1:886806) ; i i (5093‘0‘660‘; '(%fgg’dg? 44 | 05411 | 05188 | 0.0000
45 (3.2066811) i i i (5(2322123?) i 44 | 01200 | 00090 | 00213
46 (109836708) i i i i (5’(2)%552) 44 | 02505 | 0.2327 | 0.0005
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrt)e)Type Fuezp;l)'ype Emlssm(np)Controls N R? Adj. R? p I\z’gﬁ ecif
48 0060 | (00000 : : : 04879 30 | 0.4467 | 04057 | 0.0003
49 00000 | (00000 : : : : 30 | 04365 | 04161 | 0.0001
50 (gfloldgg) . ('g_é%)gf) . . (0231535729) 30 | 0.4467 | 04057 | 0.0003
51 (89086(1)3) ; ('g_é%)gf) : : : 30 | 04365 | 04164 | 0.0001
52 (égozzg’% ; : : (_g?)ige,l) (J ifoﬁe) 30 | 0.2266 | 01693 | 0.0312
53 (8?06682) - : : ('03_%:13'53; : 30 | 0.1486 | 01182 | 0.0354
54 (3?276233) - : : : (5%3084) 30 | 0.0084 | -0.0270 | 0.6304

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|SS|o(np)Contr0Is N R? Adj. R? p I\zga(; ;f

56 00000 | 0005 : : : (0550 31| 03376 | 02003 | 0.0031
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2069.75 -680.95

>7 (0.0000) (0.0008) - - 31 | 03282 | 0.3051 | 0.0008
1695.03 -535.29

58 (0.0000) - (0.0032) - 31 | 0.2625 | 0.2370 | 0.0032
1695.03 -802.93

59 (0.0000) - - (0.0032) 31 | 0.2625 | 0.2370 | 0.0032
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Road Grade <0

Table 65. Results from the Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corzrs);ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueh;l;ype E:rgilzzz)cl)g N R? Adj. R? pl\zt;;;f
10 (101.62010705) ('8 35’72% : (ggfglg : (8%33) 24 | 03647 | 02694 | 00257
1 (101,62010808) (_8 (?fg% - (015111502) - - 24 | 03608 | 0.2999 0.0091
12 (838(7)3) (826277291) ] ] ] (852028715) 24 | oxsde | ooras | T
13 8:888& ('8_ (??57% - - - . 24 | 01367 | 00974 | 00754
14 (10%908030‘; : ('01_'85223 ('01_'5’27213 : (8: égig) 24 | 04038 | 03143 | 00142
15 (101.600303)0‘; i ('g_ gzljf) (gggff) i : 24 | 03045 | 03369 | 00052
16 (3j§38§) - ('é’_ é’;‘gg) - - ('8 '?5625) 24 | 02213 | 01471 | 0.0723
17 (3j§§§3) - ('3_5’22{‘; - - - 24 | 02185 | 01830 | 00213
8| (o000 : ' 0o | 2603 | (osoro) | 24 | 029% | 01873 | 0.0685
19 (10%3010907) - - ('3_8111;362) ('g_'ffgg - 24 | 02911 | 02236 | 0.0270
20 (109 '02010602) - - ('g_'gé’fzz) - ('8 fjlgg) 24 0.2462 | 0.1745 0.0514
21 (8j§38§) - - - ('g_ ?11255% ('3 '3338351) 24 | 00988 | 00130 | 03354
22 (3j8§§8) - - (0151119852) - - 24 | 02241 | 0.1889 0.0195
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23 (g:ggég) - - - (-olésggg) . 24 | 00670 | 00246 | 02220
24 (33833) - - - - ('8 'fj#) 24 | 00928 | 00516 | 01477
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corg;;ant Vehiczlpe) Year Engine Year Vehic(l;)Type Fueé;)’ype Emissio(np)ControIs N R? Adj. R? p h;?é e(:f
26 | o000 | (02081) : (0.0552) : (05876) 18 | 03623 | 0.2256 | 00894
27 (101,66080202) ('S_ 1937143 - (ggfg’; - : 18 | 0.3458 | 0.2586 | 0.0415
28 o000 | (0260 : : : a5 18 | 0.1146 | -0.0034 | 04012
29 8:8883 ('S_ 35715 - - - . 18 | 0.0794 | 00218 | 0.2574
30 (101.63030105) i (()1113?88:) (01077513% i (giéigg) 18 | 0.3904 | 02598 | 0.0670
31 (101. '03090202) - (—&.1158557) ('g_ggfg i i 18 | 03798 | 02972 | 0.0278
32 (%%%%%% - (_3_5)?1573) - - ('8 5188;) 18 | 02284 | 01256 | 0.1430
33 (10%1090001) - ('3_'5’;‘96{‘) - - - 18 | 0.2051 | 0.1554 | 0.0591
34 (10%6040501) - . (—5.013?77(;5) i (8:22812) 18 | 0.2829 | 0.1873 | 0.0826
35 (109'070000053 - - ('3_3333?) - - 18 | 0.2665 | 0.2206 | 0.0283
36 (gﬁgggg) - - - - ('g '43§53 f) 18 | 0.0353 | -0.0250 | 0.4554

Models for CNG Fuel Trucks-E~f(VT) [37]
Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezr;l)'ype Emlssme)Controls N R Adj. R? p I\;gﬂé :If
38 (3885?) - - ('8_ 'fggf) - : 6 | 05214 | 04017 | 0.1051
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Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R2 | P h;?(; ecif
40 (101.65000315; (ééggg) : : : ('&%1198) 0.6118 | 04823 | 0.0585
4 (102:65010001 (_01_ '1255285) - - - - 0.3299 | 02342 | 0.1058
42 (10%4010408) - ('g_ggg; - - ('3 37522;) 0.5587 | 0.4116 | 0.0859
8| Gons) ) 00000 : : : 05586 | 04956 | 0.0206
43 (102,64010408) - - - (313223) ('&fllgf) 05587 | 04116 | 0.0859
45 (101,67000507) - - - (0353?%) - 05032 | 04323 | 0.0323
% | 00000 . : : : 0012 05553 | 0.4918 | 00212

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(npg:ontrols R? Adj. R2 | P I\Zt;; ecif
48 (g:ggié) (_ol, 3555) - - - (g:%ig) 03941 | 01921 | 0.2225
49 (8:3(2)8(7)) (_01, '(}73(% - - - - 0.3938 | 0.3072 | 0.0704
>0 (323815) - ('3_'&55’5) - - (8:8?1)2) 03941 | 01921 | 0.2225
| o000) } 00700 : : - 03938 | 03072 | 00704
52 (Sjgéég) - - - ('01_'37753?:) (8:2282) 0.1348 | -0.1536 | 0.6477
53 (gjégég) - - - ('01_2101235 . 0.1018 | -0.0265 | 0.4026
>4 (Sjéggé) - - - - (gigigi) 0.0017 | -0.1409 | 0.9164

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R2 | P h;?(; ecif
5 (Sjéﬁé% (Sjéﬁgé) - - - (331591?) 05393 | 02322 | 03127
S 5:388% ('8_ 3353) - - - - 0.3639 | 0.2049 | 0.2049
58 (Sjgéﬁi) - (3132‘1‘3) - - ((}gfg&) 0.8787 | 07978 | 0.0423
> (Sjgéﬁ% - (}?_ 81257(;) - - - 0.0107 | -0.2367 | 0.8456
© | (0o002) : : : - 00082 05356 | 04195 | 0.0982

Table 66. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(ls)Type Fuezp;l)'ype %@%EEL(;Q N R? Adj. R? pl\ztci;;f
10 (303 '05080656) (%)1071?;‘)‘ : ('g.'gggg) : (109 '0305195?3 24 | 04203 | 03334 | 0.0109
1 (30%7003137) (0326257% - ((1):;28;) . . 24 | 00275 | -0.0651 | 0.7463
12 (20%303078 (%,Oo%% - - - (g:gggé) 24 | 03743 | 03147 | 0.0073
13 (3(;1 68070833 (0325257% : - : . 24 | 00256 | 0.0187 | 0.4555
14 (207.630827533 . ('g_'g’gg;) ('8‘_ ' jggg) : (g:ggg% 24 | 03223 | 0.2206 | 0.0467
1 (30960014516) ) ('éﬁgf% (313281) - - 24 | 0.0049 | -0.0899 0.9498
16 (204 '03072605; - ('§_'§$§§) - - (g:gggg) 24 | 03012 | 0.2346 | 0.0232
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31.2058 -0.9588
17 (0.0005) - (0.8209) - - - 24 | 0.0024 | -0.0430 | 0.8209
21.0585 -2.5606 5.0229 5.1747
| (0.0149) ] ] (0.6776) | (0.7430) | (01995 | 24 | 01989 | 0.0788 | 0.2085
23.9333 1.1767 19.1096
19 (0.0055) - - 08319 | (0.0955) - 24 | 01284 | 0.0454 | 0.2362
21.1886 -3.2182 6.0853
20 (0.0122) - - 0.5727) - (©0360) | 24 | 01945 | 01178 | 01032
19.4732 7.1007 4.4114
2L 1 (0.0095) - : - 06174 | (02068 | 24 | 01918 | 0.1148 | 01069
28.7107 1.1767
22 (0.0010) - - (0.8390) - - 24 | 0.0019 | -0.0434 | 0.8390
25.1101 19.1096
25| (0.0001) - - - (0.0881) - 24 | 0.1265 | 00868 | 0.0881
19.0350 5.5417
24 (0.0090) - - - - ©o377) | 24 | 01819 | 01447 | 00377
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]
. Constant Vehicle Year . Vehicle Type Fuel Type Emission Controls 2 . oo | pstatof
Equation ®) ®) Engine Year ®) ®) ®) N R Adj. R Model
439732 | -22.6505 -2.9873 5.3019
26 (0.0000) |  (0.0002) - (0.5869) - (0.0808) 18 | 0.6833 | 0.6155 | 0.0009
45.0041 | -22.6505 2.7565
27 (0.0000) |  (0.0003) - (0.5726) - - 18 | 0.6032 | 05503 | 0.0010
-22.6505
42.1237 44114
% | (.0000) | (©:0001) ' : : oor0y | 18| 06763 | 0632 | 0.0002
-22.6505
47.7606
29 (0.0000) | (0.0002) : - : . 18 | 0.5944 | 05690 | 0.0002
32.4493 -18.7739 2.6820 4.4012
0| (0.0012) - (0.0053) (0.7004) : (0.2412) 18 | 0.4865 | 0.3764 | 0.0219
31 33.6146 i -19.3045 7.5826 i i 18 | 0.4316 | 0.3558 | 0.0145
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(0.0009) (0.0045) (0.2181)
» (303.66090637) ] _(%)?d%ig ] i (g: égig) 18 | 0.4812 | 04120 | 0.0073
23 (30%6080007) . -(%).76%% ) - - 18 | 0.3689 | 0.3295 | 0.0075
34 (201.63328237) ] ] (5?2;03) ] (Sjigé% 18 | 0.0889 | -0.0325 | 0.4973
2 (202.633503863 . ] (g;;i‘ig} ; - 18 | 0.0088 | -0.0531 | 0.7112
» (10?.51178362) ] ] ] i (g:‘z‘gg) 18 | 0.0819 | 0.0246 | 0.2495
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fueép;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;tg\é ecif

28 ?0%2006285) ] i (379?5;5) i . 6 | 0.0238 | -0.2203 | 0.7705
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fueé{;l;ype Em|53|0(np)Contr0Is N R? Adj. R? p I\;t:; ec:f
40 ?09- '5‘020787) (%50222? i : : (205_ '07034% 9 | 0.7681 | 0.6907 | 0.0125
a1 (30%1430296) (3,‘§’§ff) ] ; - - 9 | 0.0054 | -0.1367 | 0.8514
42 (30%9180632) ] —%&%ﬁgg)o ] i ?08_-077“1643) 9 | 04771 | 0.3028 | 0.1430
4 (207.63407852) ] (g: éggi) ] - ; 9 | 0.0605 | -0.0737 | 0.5234
i3 (30?69{30632) ] ] ] 1(3%;82;) (%7152132()) 9 | 04771 | 03028 | 0.1430
i (206.62230152) ] ] ] (10?-29371152) ] 9 | 0.1969 | 0.0822 | 0.2315
46 26.5720 - i i - 3.7898 9 | 0.0922 | -0.0375 | 0.4271
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\ (0.0420) \

(0.4271)

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p I\;t:é ecif
* (10551304627) (_c?.gggf) ' : : (109'10180636) 0.4270 | 02361 | 0.1881
49 ?07,51320171) ('ijé’gg) - - - - 0.0923 | -0.0374 | 0.4268
0 | (053 : 03900 : - 01103 04270 | 0.2361 | 0.1881
> ?07.51320171) ] ('ijgggﬁ) - - - 0.0923 | -0.0374 | 0.4268
>2 (Sjéﬁgg) - : : ('3;88255) (100_'1732578(; 0.3520 | 0.1360 | 0.2721
>3 (301,67215152) - : : (109'; 49627% : 0.0317 | -0.1066 | 0.6467
| (osse) ' : : : 0001 03485 | 0.2554 | 0.0942

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(npg:ontrols R? Adj. R? p “Ztci; ;f
>0 (207_63{122377) (35’37159) : . : ('g_ é’fg’g) 0.7818 | 06364 | 0.1019
> (208_6807;77) _(%)_1552271? - - - : 0.7425 | 0.6782 | 0.0274
> (2(;1.67133218) ] (3.'773?351) - - ('3 f;g f) 0.7268 | 0.5447 | 0.1428
59 (204_6713222% - ('J_'fjgg) - - . 0.4565 | 0.3206 | 0.1408
© | oo0zs) ' : . - (00340 07147 | 06434 | 0.0340
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Table 67. Results from the Models with HC Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corgrs);ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueh;l;ype Co?;;ols N R? Adj. R? pl\zt;;;f
10 (gzggig) (g:ggg% i ('g’.'zlffg) i ('g_ gggg) 24 | 01562 | 00296 | 0.3236
1 (828222) (éj%gé) - (nggg) - - 24 | 01489 | 0.0679 | 0.1839
12 (318223) (83123% - - - (013‘?’3?828) 24 | 0.0948 | 0.0086 | 0.3513
13 (818322) (éjg;g%) - - - . 24 | 00535 | 00105 | 0.2767
o (102.61015102) ) (822;1(7)2) (817;713) - (8:3(9)8(7)) 24 | 00995 | -0.0356 | 05426
15 (102_6106285 - (8:‘71223) (Sf fgg) - - 24 | 00987 | 00129 | 0.3356
16 (gﬁgiig) - (823%2) - - ('g_ '?fég) 24 | 0.0071 | -0.0875 | 0.9283
7| omy : ©907) : - : 24 | 00004 | -0.0450 | 09271
18 (102_6303227% - - (ngf f) (éié?gi) (8:5%2) 24 | 0.0996 | -0.0355 | 05421
19 (102_500105; - - (‘g_'fgg% ((1):‘7‘22%) - 24 | 00994 | 0.0136 | 0.3333
20 (102.6306228 j ) (_g.fsoff) - (8:%2% 24 | 0.0984 | 0.0125 0.3371
21 (10%0065533 - - - (g:gfgg) ('g 5957212) 24 | 00210 | -0.0723 | 0.8004
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22 (102_6706;5 - - ('g’_'fﬁg) - - 24 | 0.0954 | 0.0543 | 0.1419

23 (31352% - - - ((1):‘7138;) . 24 | 00040 | -0.0413 | 0.703

24 (813323) - : - - ('3'73358) 24 | 00032 | -0.0421 | 0.7920
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitélpe) Year Engine Year Vehic(ls)Type Fueép;l)’ype Emissio(np)ControIs N R? Adj. R? p “;tci; ecif
28 (10%949;;) (32(1)328) : ('3'3}33;) : ((1):3223) 18 | 0.3373 | 01953 | 0.1139
27 (101,'0237475(; (33‘1’222) - ('Sjj;‘g - - 18 | 0.3104 | 0.2185 | 0.0616
28 (g:gﬁé) (31232% - - - ('8'595372) 18 | 0.1051 | -0.0142 | 0.4348
29 (éjéﬁi?,) (Sjggig) - - - . 18 | 0.0873 | 0.0302 | 0.2339
0 | ooose) | o0 | oomn | o202 g | oases | 00om | 0zano
NN AR N A
2 | oome | o) : - S g | ooues | 013 | oo
33 (818212) - (8_‘86555) - : : 18 | 0.0026 | -0.0598 | 0.8420
34 (10%0081897) - - (‘3;3173;) - ((1):2‘7‘22) 18 | 0.2500 | 0.1500 | 0.1156
3 (105_6307103?3 - - ('S_'gj;‘g - - 18 | 0.2231 | 0.1746 | 0.0478
% (109601635513 ] ] - - (8595% 18 | 0.0178 | -0.0436 | 0.5974

Models for CNG Fuel Trucks-E~f(VT) [37]

LEC



Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p I\;gaé ecif

38 (g:g;gg) i : (gzggg% : : 0.3430 | 0.1787 | 02220
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fueép;l)'ype Emlssm(np)Controls R? Adj. R? p I\;tg\é ecif
40 (gzgggg) ?0??04820% i : i '(%fd%%%? 0.7224 | 0.6299 | 0.0214
2 (ggggi) (Sjgf-ﬂ) i i : i 0.0529 | -0.0824 | 0.5515
42 (gzigig) : (807.62440111) : : '(%‘.‘683%% 05409 | 03878 | 0.0968
43 (1(;1.6982815?3 : (8]&333) i : i 0.0052 | -0.1369 | 0.8538
43 (g:igig) : : : '(%.7(%11% (202.'03572527) 05409 | 0.3878 | 0.0968
45 (10%8246277) : i i ('gfzzgg) i 0.0947 | -0.0347 | 0.4205
46 (10%762% : : : i (37121225) 0.0191 | -0.1210 | 0.7228

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehl(é::)(-}) Year Engine Year Vehlc(lr()a)Type Fuezp;l)'ype Emlssm(np)ControIs R?2 Adj. R? p I\ztc;a(; ec:f
48 (53437288) (gzggéz) : : : (é:figg) 0.6088 | 0.4785 | 0.0599
49 ((2):222451) (g:gggg) : : ! i 0.4266 | 0.3446 | 0.0565
50 (53437288) : (gzggsz) : : (é:figg) 0.6088 | 04785 | 0.0599
51 (gzgggi) : ((2):(7);22) : ! i 0.4266 | 0.3446 | 0.0565
52 3.1301 i i i 8.5817 0.2338 0.7327 | 0.6436 | 0.0191
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(0.2180) (0.0116) (0.7524)
53 (gzgigg) i : : (g:gggg) i 0.7278 | 0.6889 | 0.0035
54 (gjggi) i : : : (éégg% 0.1603 | 0.0403 | 0.2857
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(Is)Type Fueh;l;ype Emlssm(np)ControIs R?2 Adj. R? p I\;t;; ec:f
56 (101.'05%?3 (3‘35577) : : : (g:igg% 0.4974 | 0.1623 | 0.3563
57 (10%1;‘5652 {é‘fgfg) : : . i 0.3775 | 02219 | 0.1943
58 (g:i%g) : (‘gl'gééj) : : ('(g’_'g’ﬂf) 0.2196 | -0.3007 | 0.6894
59 (g:g%g) i ('5.'36;13% : : i 0.2179 | 0.0224 | 0.3507
60 (g:gég% i : : : ('g_'jgfg 0.1289 | -0.0889 | 0.4846

Table 68. Results from thr Models with NOx Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

e e p— L B I R PR e
o (B mm | o | | 282 e | vew | om
11 ?09 60030206) (%602%)%; : ('g_'fggj) : : 24 | 06863 | 0.6564 0.0000
12 ?03 '070000033 (%40%%?)? : : i ('5 fgf% 24 | 06675 | 06358 | 0.0000
13 (802.'01090105; (%60%%)‘3; : : i i 24 | 06600 | 06445 | 0.0000
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" 230%2020509; ] -(%%‘(‘)23(’)5; (‘5-5‘58;’26) i ('835213?) 24 | 07052 | 0.6610 | 0.0000
15 230%108030“; ] '(%%%%?6;3 (‘02'517501) ; ; 24 | 07052 | 06771 0.0000
16 (70%4030609; ] -(%%%%%)‘)‘ i i ('8'86;'82;) 24 | 07022 | 06739 | 0.000
17 (707.69020402) ) _(%?6%%%6)3 ] - - 24 0.7015 | 0.6880 0.0000
18 ?02.69080507) ] ] (gffg(% (glozl‘égg’ (gggg) 24 | 04264 | 03403 | 0.0099
19 (602.65070306) ] ] ('S_fg‘?}) (230(232‘5’ - 24 | 04258 | 03711 0.0030
” (601.66050805) ] ] (8:‘9123% ] (%)0023255 o4 | 9281 | 01667 | 00567
)1 (50?60080202) ] ] ] (‘(")6012%2; (025672&5) 24 | 04088 | 03525 | 0.0040
” ?09.62050745) ] ] ('gf:gg) ] ; 24 | 00264 | -0.0179 0.4485
’3 5056703020% . ] ] '(g?(-)%g‘g ; 24 | 03994 | 03721 0.0009
o (601.'0902090‘; ] ] ] ] ('g'g’fs??) 24 | 02390 | 02044 0.0153
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?s;ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueé{;l;ype Emissio(np)ControIs N R?2 Adj. R? p I\;t:; ec:f
26 (902.'0406025; _(%éd%g?é? ] ((1)122?12? i (8;322) 18 | 05045 | 0.3983 | 00173
”7 (902.660101053 -(%f.i(-)’o(’é?éf)i ) '(%)%23&’3()’ ] - 18 | 05036 | 0.4374 | 0.0052
-8 230%4020508; (%603(;% ] ] i (025622315) 18 | 0.4498 | 03764 | 0.0113
29 ?02.60070605) (%6036235;35 i . - - 18 | 0.4341 | 0.3988 0.0029
20 ?02.61060505) ] (%70%231)3 (037138796‘) i (85132233) 18 | 05168 | 0.4133 | 0.0147
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a1 2302:60020406‘; ] _(3.76%2%)6)3 ('03'-g 1862;) ; - 18 | 05164 | 0.4519 | 0.0043

- 230%6080200) ] _(3.763)23; ] i ('&;‘gg; 18 | 05127 | 04478 | 0.0046

33 (70%9090900) . -(%?(-)%é%? ] - - 18 | 05080 | 0.4772 | 0.0009

9y (60%1010818) ] ] ((1)13?8226)3 ] (8:;822) 18 | 99793 | 00536 | 05787

35 (60%2060719) ] ] ((1)0255%%’ ] - 18 | 0.0694 | 0.0113 | 0.2907

%5 (50%0080202; ] ] ] ) (025221122) 18 | 0.0156 | -0.0459 | 0.6212
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fueép;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;tg\é ecif
28 (éjiggg) ] ) (8:2;‘3) ] - 6 | 01308 | -0.0865 | 0.4812

Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(IF()a)Type Fuezp;l)'ype Emlssm(np;:ontrols N R? Adj. R? p I\zt;; ecif
10 (80{.02000311) (—égggf) ] ] ] '(%%ﬁ% 9 | 09178 | 08904 | 0.0006
41 (905?.03020610) _(%).76%2%? . . - - 9 | 0.7655 | 0.7320 0.0020
i (80%7090309; ] (‘(1)62%25;?)3 ] ) (10?54998842 9 | 09382 | 09177 | 0.0002
43 (806.'080605053 ) -(%?(-)ggg? - - - 9 | 09351 | 0.9258 | 0.0000
1 (80%7090309; ] ] ] ?06_29055578) (3(’)30‘135 9 | 09382 | 09177 | 0.0002
45 (702.6006050?3 ] ] ] -(Z)(.)d%)ﬁ? - 9 | 08015 | 07731 | 0.0011
46 230%3070509) ] ] ] i (%Oo%%)gi 9 | 09175 | 09057 | 0.0000

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R2 Adj. R? p I\;t:(; ecif
18 (70?691%235; _(%?611;;()) ] ] ] (g:gigg) 0.6643 | 05524 | 0.0378
49 ?01.69061117) (%80%)772;5 i - - - 0.6637 | 0.6157 0.0075
50 (70%91%238) ] -(%%11%()) ] i (8:8532) 0.6643 | 0.5524 | 0.0378
51 (801.69061117) i (%8010;2? ) ; - 0.6637 | 0.6157 | 0.0075
5 (20§é739303£‘3 ] ] ] '(Fé?d%%ii (ggégg) 04141 | 02189 | 0.2011
e3 (50%9192533) ] ] ] (‘(‘)71917129)’ - 0.3208 | 0.2237 | 0.1119
6 (309.35816142) ] ] ] ] (é:gggg) 0.0033 | -0.1391 | 0.8829

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(IF()a)Type Fuezp;l)'ype Emlssm(np;:ontrols R? Adj. R? p I\;t;; ecif
56 (630%409089(; (—8.;230702) . ] ) _(%.762?;@; 0.9693 | 0.9489 | 0.0054
57 (702.'080029;; -(%%%g i . - - 0.7363 | 0.6704 0.0288
58 (601.'04000743 ] (g:ggig) ] i _(%.16%;2()) 0.9772 | 0.9619 | 0.0034
5o (601.'041(1177&; . ((1)7127324)1 ) - - 0.4007 | 0.2509 | 0.1773
50 2503?.01020904; ] ] . ] '(%%‘(‘)%Z()’ 0.9692 | 0.9615 | 0.0004
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Table 69. Results from Models with PM Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corg;;ant Vehité:ae) Year Engine Year Vehic(Ipe)Type Fueép‘l;ype Co?;;OIS N R Adj. R? p ,\thé :|f
10 00000 | (00000 : 02567 : ©oses | 24 | 07249 | 06836 | 00000
11 (8183(1)3) (_8_ '5’3(?5) - (‘8_ §§ flg) - - 24 | 06457 | 0.6120 0.0000
12 (315358) (_8, §§5‘§) - - - (8: éﬁgg) 24 | 07063 | 0.6783 |  0.0000
13 (818883) (_8_ '5’3(?5) - - - - 2a | 0681 1 46290 0.0000
14 (813558) - (’8_ '5}?5’5’) (‘8_ §§§95) - (8: égg% 24 | 06252 | 05690 | 0.0002
15 (313883) - (’8_ ggg(% (8;2232) - - 24 | 05596 | 05177 0.0002
16 (©0000) - (000000 : : ©Oos0) | 24 | 06246 | 05888 | 0.0000
17 (éjéééé) - (8 5‘533 - - - 24 | 05551 | 05349 |  0.0000
18 (828(2)5% - - (8 ggf f) ('g_ gggg) (gigggg) 24 | 02048 | 0.0855 0.1957
19 (8:(7)(7)13) - - ('g_ gggg ('g_ gfgg) . 24 | 01848 | 0.1072 0.1170
20 (828252) - - (8;3‘2‘21) . (8 358% 24 | 00410 | -00503 | 06444
21 (828(7)2% - - - ('g_ (?E,ljg) (g:gggfw 24 | 01972 | 01207 | 0.0996
22 (823212) - - ('8_ gfg% - . 24 | 00006 | -0.0448 | 0.9107
23 (8:(7)3(1);) - - - ('g_ gg’gg - 24 | 01842 | 0.1471 0.0363
24 (8:(7)(2)2% - - - - ('8 ggg% 24 | 00387 | -00050 | 03567
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Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R Adj. R? p h;?(; ecif
26 (33333) (_8_ gggf) - ('8_ '31;8812) . (8:;%2) 18 | 07114 | 06495 | 0.0005
21 (é:gggg) (_c?. '0730506) - ('8_ gffg - - 18 | 0.6802 | 0.6376 | 0.0002
28 00000 | (00000 : : - 03500) 18 | 0.6950 | 0.6543 | 0.0001
29 (33383) (_8 07(?05(% - - - . 18 | 0.6791 | 0.6590 | 0.0000
30 (éfégg;) - (}?_ 535’85) (823282) - (giggf% 18 | 05776 | 04871 | 0.0060
31 (3383?) - (}?_ 50202;) (8:;;183) - - 18 | 05633 | 05050 | 0.0020
32 (éjéégé) - ('8_ 58853) - - (giggﬁg) 18 | 05745 | 05177 | 0.0016
33 (éjgégg) - ('8_ §§§57) - - - 18 | 05404 | 05117 | 0.0005
34 (8:(7)252) - - ('8_ 'é;fs) - (8:}18;2) 18 | 0.0323 | -0.0968 | 0.7819
3 (8:(7)2‘;}1;) - - ('8_ ggﬁ) - - 18 | 0.0011 | -0.0613 | 0.8948
36 (8:8122) - - - - (822?2(1)) 18 | 0.0159 | -0.0456 | 0.6180

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R Adj. R? p '\zt;; ec:f

38 (8:8828) - - (8:(3)2;8) - . 6 | 02332 | 00414 | 03320
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? | P I\Z?(; :If

40 1.5299 -0.7142 - - - 0.1282 9 | 06958 | 05944 | 0.0282
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(0.0035) (0.0873) (0.6091)
4 (éjégfi) (_8_ 535‘25’) - - - - 0.6810 | 0.6355 | 0.0062
42 (é:gégg) - ('5‘_ ggfg) - - (g:éggg) 0.9865 | 09821 | 0.0000
43 (éjégig) - ('8_ '51168117) - - - 05738 | 05130 | 0.0181
43 (éjgégg) ) - - (g:gggg) ('&'g’ggg) 0.9865 | 0.9821 | 0.0000
45 (83538) - - - ('g_ fggg) - 0.2555 | 0.1492 | 0.1650
46 (éj%?é) - - - - ('3 03§71§’) 04845 | 04109 | 00373
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrt)e)Type Fuezp;l)'ype Emlssm(np)Controls R? Adj. R? p I\;t;; ecif
48 01089 | (oo0 . - - (00439 08193 | 0.7590 | 0.0059
49 (3:3(5)(3)2) (_g.gffﬁf) ) - - - 0.6238 | 0.5701 0.0113
>0 (8:1(1)22) - ('8_ 5323 - - (g:gig% 0.8193 | 0.7590 | 0.0059
51 (é:gggg) - ('é’_ é’ff}?) - - - 0.6238 | 05701 | 0.0113
52 ('8'553?25) - - - ('3_52781; (8:3232) 0.6715 | 0.5620 | 0.0354
53 (823233) - - - ('g_ o f) - 0.1832 | 0.0666 | 0.2504
54 ('g'gggg) - - - - (853‘7‘8) 0.2242 | 0.1134 | 0.1979

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|SS|o(np)Contr0Is R Adj. R? p Gﬁ; ;f

%6 (éjégié) ('S_ 555‘3 - - - (8 g}:% 07340 | 05567 | 0.1372
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o oo | (okaom) - - 07302 | 0.6627 | 0.0302
>8 (éjgigg) - ('8_ '713?&?) ('8 2398581) 06128 | 03547 | 0.2409
> éfggg% - ('8_ 'f7607f) - 0.4110 | 0.2638 | 0.1701
%0 ©0118) ) : 00727 05944 | 04930 | 00727
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Road Grade 0-3

Table 70. Results from Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corzrs);ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueh;l;ype CO?;;OIS N R Adj. R? p ,\;t;; e(:f
10 (10%9020807) ('0180186; - ('g_gfg% - (8:2‘21}3) 24 0.4484 | 0.3657 0.0068
11 (104690301()‘; (}31_ 33388) - (ggfgf) - - 24 | 04368 | 0.3832 0.0024
12| ooy | (00se0) : : : Osore) | 24 | 025% | 01884 | 0.0430
13 (103763070008) (015111295) - . : . 24 | 02532 | 02193 | 00122
14 (10%4000206) : (ggolé;) (01612935?) : (81522; 24 | 04669 | 03870 |  0.0049
15 (10464080101) ] (olggz?; (01332(?(% - - 24 | 04515 | 03993 | 00018
16 (10%3020701) : ('g_gf?f) : : ('8 gggg) 24 | 03204 | 02557 | 00173
17 (10?63010502; - ('3_5’8595) - - - 24 | 03204 | 02895 | 00039
| (o000 : : 05 | ©oss) | (aor) | 2¢ | 0846 | o248 | 00334
19 (103755000205; - - ('3_5’5;’?) ('g_gfg’% . 24 | 03317 | 02680 | 00145
20 (103? '02020801) - - (35’915125) - ('8 '335‘)‘2570) 24 0.2172 | 0.1427 0.0764
21 (102,&)201030(; - - - (-02..22621?01) ('3 625152; 24 | 01563 | 00760 | 0.1678
22 (102,68000106) - - (33365?) - - 24 | 01836 | 0.1465 0.0367
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23 (101,6904010% - - - ('g'gggg . 24 | 01481 | 01094 |  0.0633
A (102.6305005; i - - - ('8 'f§56 f) 24 0.1034 | 0.0627 0.1254
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corg;;ant Vehiczlpe) Year Engine Year Vehic(l;)Type Fueé;)’ype Emissio(np)ControIs N R? Adj. R? p h;?é e(:f
26 (105.62040705) ('01_'61;':88) : ('g_gfl“g) . (8:283% 18 | 04171 | 02922 | 00502
27 (105,6305040% (_01_ 3386@% - (335(?21) - : 18 | 03704 | 0.2865 | 0.0311
28 (10376605090% (_c}.'fggg - - - ('g 571552) 18 | 0.1403 | 0.0257 | 0.3218
29 (10%3080808) (_01_ 'ffff) - - - . 18 | 0.1301 | 0.0758 | 0.1414
0| 00000 : 01084 (00575 : 03759 18 | 04107 | 02845 | 0.0538
31 (104'07070602) - ('3_5‘9855‘) ('(}j?g‘;’) - - 18 | 0.3752 | 02918 | 0.0294
32 (10?66050603) ) (_3.835?372) - - ('8 '7183;§) 18 | 0.2307 | 0.1282 | 0.1398
3| oooo) ) (0'0458) : - : 18 | 02267 | 01783 | 0.0458
34 (10%8000006) - - ('g_'g’ggf) - (822%) 18 | 0.2870 | 0.1919 | 0.0791
35 (103?'09000800) - - ('3_5’3?86;) - - 18 | 0.2403 | 0.1928 | 0.0389
36 (102,&)201030(; - - - - ('g 6291025 18 | 0.0102 | -0.0517 | 0.6905

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezr;l)'ype Emlssme)Controls N R Adj. R? p I\;gﬂé :If

38 (3j§§§2) - - ('8_ ggg - - 6 | 03239 | 01549 | 0.2385
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Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R2 | P h;?(; ecif
40 (10§ 68050809; ('8 ggfg) - - - ('& gfgg) 0.6868 | 0.5824 | 0.0307
4 (10%60100033 (_02_ '(())165981) - - - - 05890 | 05302 | 0.0158
42 (10%407080% . ('g_f;‘gg) : : (g:jgslag) 0.7471 | 06628 | 0.0162
3 (105.69080001 J (ozolc}f(% - - - 07172 | 06768 | 0.0040
43 (10%4070809) - - - (832‘7‘32) ('3 gfgg) 0.7471 | 0.6628 | 0.0162
o (1046709080% ) - - o 321102) - 05530 | 04891 | 0.0216
% | 00000 . : : : (00050 06851 | 06401 | 00059

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(npg:ontrols R? Adj. R2 | P I\Zt;; ecif
48 (101,'0906059‘; (_ol, 5’24511) - - - (g:igg% 06034 | 04713 | 0.0624
49 (103?'01050001) (_01, ffé’f) - - - - 0.5614 | 0.4988 | 0.0201
50 (101.'0906059‘; . ('3_83;;11) : : (82223) 0.6034 | 04713 | 0.0624
>l (103?'01050001) - ('é_ﬁfgf) - - - 05614 | 04988 | 0.0201
52 (328335) - - - (-03..163523) (8:2333) 03499 | 01331 | 0.2748
53 (10%8060607) - - - ('02_;77?91) . 0.1651 | 0.0458 | 0.2779
>4 (ﬁjéé%) - - - - (813533) 00552 | -0.0798 | 0.5429

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p h;?(; ecif
56 (gjgéﬁﬁ) (813222) - - - ('3 'gfgg) 0.7989 | 0.6649 | 0.0902
>7 (10%008351% (8:8;22) - - - - 0.0009 | -0.2488 | 0.9543
58 (gjééi’g) - (Sjggi% - - (55‘7555) 0.7219 | 05365 | 0.1466
>9 (%égi) J (822233) - - - 0.0506 | -0.1867 | 0.6683
I . : : : (0.4067) 01766 | 00292 | 04067

Table 71. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(ls)Type Fuezp;l)'ype %@%EEL(;Q N R? Adj. R? pl\jt;;;f
10 (303.65086537) (%)007727733 ] o 552326) ] (102,68063728) 24 | 03673 | 02724 | 00247
1 (303,67220826) (_8_ ngf) - (3;2833) - : 24 | 00135 | -0.0805 | 0.8671
12| Goosoy | (0.0952) : : : Ooos | 24 | 03489 | 02869 | 00110
13 (307,'07092815) (_8_ 5(?3?59) - - - . 24 | 00001 | -00454 | 09635
14| omey | 0z9n | o810 | EEE T | oawe | o | oosas
15 (30%71%717) - (3:%(1)8;) (g:gég) . . 24 | 00201 | 00733 | 0.8083
16 (20%116026) - ('3_3323571) - - (10%1007727) 24 | 03029 | 02366 | 00226
17 (30%'00022%18) . (Sj;‘;‘gg) - - - 24 0.0091 -0.0360 0.6583
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18 (201.67366173; - - (813333) (1o§5826210§ (g:ggcl)g) 24 | 02936 | 01876 0.0683
19 (é%ﬁgii ] ] (g:gigg) ?0%9148470) ; 24 | 02464 | 01746 0.0513
20 (202:62342%18) ] ] (‘02'-;‘3?7112) ] (g:g?gg) 24 | 02571 | 0.1864 0.0441
o1 (201.68106327) ] ] ) (105-288(2681) (g:?ggg) 24 | 0293 | 02263 0.0260
” (30%30225733 ) ] (g:gggg) - . 24 | 00134 | -0.0314 0.5902
’3 (20%9000922) ] ] ] (30%91“649(; . 24 | 02330 | 0.1981 0.0169
9y (20%6;11229) ] ] ] i ( 56515242‘;_ 24 | 02530 | 0.2191 0.0122
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehi(EIpe) Year Engine Year Vehic(l;)a)Type Fuezp;l)'ype Emissio(np;:ontrols N R? Adj. R? p I\Ztci; ecif
26 ?0%0030502) -(%%%(ﬁ ] ('g_ﬁgff) ] (g:gggg) 18 | 0.7009 | 0.6367 | 0.0006
”7 (501.'()3010302; -(%%%)3(’% ) (gigég%) ) - 18 | 0.6080 | 0.5557 | 0.0009
28 ?07.69030308) -(%%%)3(;% ] ] ] (g:gf’lgg) 18 | 0.6940 | 0.6532 | 0.0001
29 (50560030901; -(%%%)3(’% . . - - 18 | 0.5959 | 0.5706 0.0002
20 (30%60113453 ] -((2)_1(-)‘(‘%%? (gzgg%g) i (g:?ggg) 18 | 0.4955 | 03874 | 0.0195
a1 (30%008110?3 . -(%).265% (giigjg) - - 18 | 0.4299 | 0.3539 | 0.0148
- (30%0040635) ] (%Oo%igl)l ] i (g:ggg;) 18 | 0.4903 | 0.4223 | 0.0064
33 ?0564080405) ) (%)903(3)%%‘)1 ) - - 18 | 0.3597 | 0.3196 | 0.0085
2 (20%9401550) ] ] ('03_-;”26‘22) ] (g:g;ig) 18 | 01049 | -0.0145 | 0.4356
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35 (20%138339:; - - (ggég% - - 18 | 0.0121 -0.0496 0.6637
36 (201:68200367) - - - - (gggg% 18 | 0.0981 0.0417 0.2057
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(ls)Type Fueh;l;ype Emlssm(np)ControIs N R Adj. R? p h;?(; ecif

38 ?0%029355% - - (g;ggg) - - 6 0.0409 -0.1989 0.7008
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(ls)Type Fueép;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;tg\é ecif
40 o0y | 0.0118) : : : 00075 9 | 07233 | 06310 | 0.0212
41 (30%9618805) (8:8;8) . . . . 9 | 00000 | -0.1428 | 0.9939
42 ?05.6816588‘; : (15‘36;7186)0 : : 1(300323;) 9 | 04868 | 03157 | 0.1352
43 (30%07937% . (gzzggg) . . . 9 | 00045 | 0.0348 | 04209
43 ?0%816588‘; . . . 1(3?8;%2? (%212121; o | 04868 | 03157 | 01352
45 (20%530077?; - - - (208 '15785805) - 9 0.2455 0.1378 0.1750
46 (20?63654158(; - - - - (ggggé) 9 0.1318 0.0078 0.3369

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R?2 Adj. R? p '\zt:; ec:f
48 (ggggg) (-01. 87(5(?:?) - - - (104.64992180) 9 0.4032 0.2042 0.2126
49 501.647511653 (-02_ ggg% - - - - 9 0.0065 -0.1354 0.8363
50 (g:gigg) - (_Ol.gggj) - - (10464992180) 9 | 04032 | 02042 | 0.2126
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51 (501,64751165) - (_02_'85363; - - - 0.0065 | -0.1354 | 0.8363
52 (Sjgﬁé% - - - (10%3239202) (102.'1%1%1950) 0.4249 | 02332 | 0.1902
53 (30%94%96% - - - ?09'2695309% - 0.1553 | 00346 | 0.2939
>4 (83323) - - - - (10%564725?; 0.4001 | 03144 | 0.0675
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(ls)Type Fueép;l)’ype Emlssm(np)Controls R? Adj. R? p I\;t&; ecif
% | ooios | (06300 : : : (01628 07069 | 05115 | 01587
57 (301,6903:109(; (1010?;%%1 - - - . 0.6380 | 0.5476 | 0.0567
B | oo ] 08797 : - (0 1542 06802 | 0.4669 | 0.1809
% (207,66153595) - (Jf’;’;‘zg) - - - 0.3843 | 0.2304 | 0.1892
60 (207.620()2189) - : : : '(%)%ﬁg’ 0.6773 | 05966 | 0.0442

Table 72. Results from the Models with HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?s;ant Vehitzlpe) Year Engine Year Vehic(IF()e)Type Fuezr;l)'ype EC?E']EEL?Q N R Adj. R? p ,\;?(; :If
10 (ﬁjgii% ((2):(13322) - ('02_'26572 47) - ('8 '8303f83) 24 | 01659 | 0.0408 0.2939
11 (ﬁjggé) ((Z)Eggé) - ('02_'37285; - - 24 | 01632 | 0.0835 0.1540
12 (Sjééﬁ) (Sjﬁ;'ﬁ) - - - ('8 fjfg) 24 | 01116 | 00270 | 02886
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13 8:8?%) (é:fgié) - - - . 24 | 00859 | 00444 | 0.1645
14 (101.60036808) - (gzggf% ('03"5’812182) : (8:3%’3) 24 | 00950 | -0.0407 | 05631
15 (101.6102%19) - (gzgggg) ('03"?77793?) : : 24 | 00914 | 00048 | 0.3657
16 (gjgig% - (8j235’8) - - ('3 gfgg’) 24 | 00088 | -0.0856 0.9110
7| (oosy ] (0.6969) : - - 24 | 00070 | -0.0381 | 06968
© | ooon | - 024y | (se9) | (sisn | 24 | 00%8L | 0097 | o5
19 (101,65011026) - - (0255 526) (313333) - 24 | 00976 | 00117 0.3400
20 (101.64081288) : : (035’68205) : (gigﬁgi) 24 | 00007 | 00041 | 0.3684
21 (3333% - - - (gzgig% ('3 gfgg) 24 | 00323 | -0.0598 | 0.7083
22 (102,'02060131) - - ('5_'5585 f) - . 24 | 00773 | 00353 | 0.1884
23 (g:gggé) - - - (g:ggég) . 24 | 00203 | -0.0242 | 05062
24 (3j§§?§) - - - - (8:8232) 24 | 00001 | -0.0453 | 09574
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehifélpe) Year Engine Year Vehic(l;)a)Type Fueé{;l)’ype Emissio(np)ControIs N R Adj. R? p '\;t;; ec:f
26 (10%42%118) (8:1%2) : ('g_'g’;% : (ézgégj) 18 | 03593 | 02220 | 0.0920
27 (100,&)7273545) (8235132) - ('5_'331512) - . 18 | 03222 | 02319 | 0.0541
28 (82833) (812512) - - - ('3 gjgg) 18 | 01046 | -00148 | 04367
29 (32?33) (812352) - - - - 18 | 0.0915 | 0.0347 | 0.2226
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o [EEE [ [ e [ [ e e[ e |
31 (103?69092198) - (gjigfg) ('8_3598; - - 18 | 0.2356 | 0.1337 | 0.1333
32 (g:g%gg) - ('8_ ﬁ?f% - - ('8 g%ff) 18 | 00148 | -0.1165 | 0.8940
- (8:8288) - ('8_ '862;:1) - - - 18 | 0.0025 | -0.0598 | 0.8434
34 (10%2001316) : : (ggg‘% : (é:gégg) 18 | 0.2678 | 0.1702 | 0.0965
35 (10464090773) - - ('5_52562) - - 18 | 02308 | 01827 | 0.0436
% | (o000t : : : - (08507 18 | 0.0131 | -00485 | 0.6507
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(IFt)e)Type Fuezp;l)'ype Emlssm(np)Controls N R? Adj. R? | P I\;t;; ecif

38 (33331) - - (Sj‘fg‘;;) - . 6 | 04123 | 02654 | 0.1692
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant VEhI(E:)e) Year Engine Year Vehlc(Is)Type Fuezi;l;ype Emlssm(npg:ontrols N R Adj. R? p h;?é ecif
40 (é:%ég) (20%8016593; . . . '(%f(')g%%? 9 | 07343 | 0.6457 | 0.0188
41 (gg%gg) é;?%ﬁ) - - - . 9 | 0.0604 | -0.0738 | 0.5238
42 (géiig) - (707_'04367845; - - -(?).76%%3;3 9 | 05489 | 03985 | 00918
43 (104'03637065; - ('8_ 858611(?) - - - 9 | 00034 | 01390 | 08816
43 (géiig) - - - '(2_762?%’ (10%%178217) 9 | 05489 | 0.3985 | 0.0918
45 (10%11%301) - - - (07536745% - 9 | 00881 | -0.0422 | 04379
46 15.0554 - i i i -0.8842 9 | 00157 | -0.1250 | 0.7484
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‘ (0.0484) ‘

(0.7484)

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R2 | P h;?(; ecif
48 (5‘581517) (83522) - - - ((1):?22‘71) 0.6254 | 05005 | 0.0526
49 (3:22471;) (Sjﬁﬁ%) - - - - 0.4253 | 03432 | 0.0570
S0 (_02,'539517) - (33222) - - (é:(lsgg% 0.6254 | 05005 | 0.0526
51 (Sjﬁﬁﬁ) - (gjgg%) - - - 0.4253 | 03432 | 0.0570
52 (33222) - - - (83};‘?) (812%3) 0.7344 | 06459 | 0.0187
53 (Sjﬂ%) - - - (10%305355% - 0.7259 | 0.6867 | 0.0035
>4 (gjgéi% ) - - - (©259%) 01770 | 00594 | 0.2505

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(npg:ontrols R? Adj. R2 | P I\Zt;; ecif
%6 (gjéésg) ('S_ '216852) - - - (S:ggég) 04771 | 01285 | 0.3781
57 (323223) ('S’_ fgzg,zg) - - - - 0.3920 | 0.2400 | 0.1836
%8 (Sjiggé) - ('é_ﬁfglg - - ('8 ggg% 02231 | -0.2949 | 0.6848
> (g:gggcls) ] ('02_';?5?614% - - - 02133 | 00167 | 0.3564
00 (3285‘7‘3) - - - - ('&fggg) 01571 | -0.0536 | 0.4366
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Table 73. Results from the Models with NOx Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corg;;ant Vehi(z:ae) Year Engine Year Vehic(Ipe)Type Fuezl;;ype Co?;;ols N R? Adj. R? pl\jtjé;f
o | e e || gEm || g | | omw | oww | oo
11 1(3?6388? '(%‘_‘(')‘(‘)%g - ('g_ggg’&) - - 24 0.7009 0.6725 0.0000
12 1(8.568835) 'é%%%%? - - - (373168634) 24 0.6807 0.6503 0.0000
13 1(8.063535) - - - - 24 0.6787 | 0.6641 0.0000
w || e | s | 9% | w | oo | omis | oo
15 (90%1090701) - '(?6_2(')%%%()) ('02_'(?8453) - - 24 0.6964 | 0.9975 0.0000
16 (90%3070403) - (?630%‘82*)3 i : (8:5258) 24 | 06941 | 0.6650 | 0.0000
17 (707.690409033 - (?620%%%? : i : 24 | 06941 | 06802 | 0.0000
o | ol | eEm e s | w | oum | oo | oous
19 (706_61060317) - : ('g_ggg’j) (270233 : 24 | 04177 | 03622 0.0034
20 (702_67080102) - : (gzg;%) i (%)20%71; 24 | 02107 | 01355 | 00834
21 (601.'020304533 - : : (%2011% (532676;) 24 | 03990 | 03417 | 0.0048
22 (70%104000‘; - - ('g_fgg’é) - - 24 0.0223 | -0.0222 0.4866
23 (Z)%gcl)g?_ - - - -(?).7638 - 24 0.3954 | 0.3679 0.0010
24 (707.6904090?3 - - - - -(%).162%)9 24 0.2105 | 0.1747 0.0241
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Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R2 Adj. R? p I\;t:é ecif
26 1(8.70'338? (?650%)2% ] -(]61.12'?.?.3? ] (g:ggg) 18 | 05323 | 04320 | 00118
97 1((':1).76833? (3650%)5155 ] ((1)213‘% - - 18 | 05270 | 0.4639 | 0.0036
-8 1(870888;) (?650%)% ] ] ) (ggfgz) 18 | 0.4750 | 0.4050 | 0.0080
29 1(850388;) (?650%)51% . - - - 18 | 0.4691 | 0.4359 | 0.0017
20 1(820388;) ] (?)40(53?59; (g?fg% i (833528) 18 | 05040 | 03977 | 0.0174
31 1(820838;) ] (%40(‘3%25)’ (03;3361;‘) ] - 18 | 05035 | 0.4373 | 0.0052
- 1(80038(2);) ] (?650%% ] i (ggggf) 18 | 0.4991 | 04323 | 0.0056
33 ?0%7030405) . (?650?)1%? ) ; - 18 | 0.4986 | 0.4673 | 0.0011
" (802.'00020520) ] ] '(%)‘_%9523? ] ((2)2333(15) 18 | 00632 | -0.0617 | 0.6129
35 (802.'0408083 i ] (%)233;%% ) ; 18 | 0.0579 | -0.0010 | 0.3362
" (702I.07080112) ] ] ) ] (‘5-%32617) 18 | 0.0059 | -0.0562 | 0.7621

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R?2 Adj. R? p '\zt:; ec:f

38 (é:g%l) . ) (8:2223) ] - 6 | 0.1516 | -0.0605 | 0.4454
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? p I\Z?(; :If

40 112.6100 -14.0820 - - - -17.6509 9 | 09217 | 0.8956 | 0.0005
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(0.0000) (0.2480) (0.0563)
a1 1((2).2(53(1)8;) _(?6.76%%)3? i . - - 0.8490 | 0.8274 0.0004
o 1(8.30'888? ] -(%%966‘115 ] i (30?-2412;72) 0.9470 | 0.9204 | 0.0001
43 1(8%88(1)? i -(?6%‘(1)%()) ) - - 0.9304 | 0.9204 | 0.0000
1 1(3:’688%) ] ] ] (80?69661112) _(?)(.)6?3275()) 0.9470 | 0.9204 | 0.0001
45 (80%6090417) ] ] ] (%60%;?3‘)‘ - 0.7555 | 0.7206 | 0.0023
16 1(830838;) ] ] ] ] (%60%%?; 0.9003 | 0.8861 | 0.0001
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(ls)Type Fuezp;l)'ype Em'SS'O(np)C ontrols R? Adj. R? pl\zt;; ecif
18 ?0%729356(; (3(’)6071% ] ] i (812‘7‘23) 0.6888 | 05851 | 0.0301
49 1(850(2)%;) (3660%23 ) ] - - 0.6788 | 0.6329 | 0.0063
50 ?0{.0729356(; ] (?66071%1; ] ] (g:é‘;gg) 0.6888 | 05851 | 0.0301
51 1(8%(2)(1)(7)5) . -(%%%‘ég ) - - 0.6788 | 0.6329 | 0.0063
5 (20?48485881; ] ] . '(g?(-%%” (10?fé55“()1()3; 04563 | 02751 | 0.1607
£3 ?03?691%% ] ] ] (gllgggi - 0.3094 | 02107 | 0.1199
" (30%1090366) ] ] . ] (3%%) 0.0177 | -0.1226 | 0.7329

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|SS|o(np)Contr0Is R? Adj. R? p I\zga(; ;f

55 (701.63050196) (10%7818911) ] ] ] (‘ésogé%? 0.9754 | 09590 | 0.0039
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57 ?07,65029228) (%91296‘3,; - - - - 05178 | 03972 | 0.1069
58 (70%6041201) . (géggg) : : '(‘(‘)%%;3‘)) 09533 | 09221 | 0.0101
> (70%6148201) - '(%fz'iéj‘; - - - 03130 | 0.1412 | 0.2484
60 ?0%7010111) - - - - (%4032‘;? 0.9243 | 0.9054 | 0.0022
Table 74. Results from Models with PM Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corzrs);ant Vehl(é:)e) Year Engine Year VEhIC(Ipe)Type Fuez;;ype E:rgilzzz)?g N R? Adj. R? pl\;toa(;e(:f
10 ©9000) | (00000 - (0 256%) : ©Ootty | 24 | 07521 | 07150 | 0.0000
11 (éjgéég) ('é’_ 555‘3) - ('8_ 370 " 41) . . 24 | 06555 | 0.6227 0.0000
12| oo | (00000) : : : Ooo | 24 | 0732 | 07100 | 0.0000
13 (éfgggg) (_8_ §§§§) - - - - 24 | 06555 | 06398 | 0.0000
14 (02000 : (00000 (09116 : Oosy | 24 | 0sas0 | 0se52 | 00001
15 (é:gggg) - ('8_ 335(% (8;232‘1’) - - 24 | 05668 | 0.5255 0.0002
16 (éjégﬁg) - ('8_ ﬁggg (8:352) - (8: égﬁ)) 24 | 06478 | 06143 | 00000
17 (é:gégz)) - ('8_ '5’5‘5‘5) - - - 24 | 05591 | 05391 | 0.0000
| oo0m : : ©Ossey | ©oms) | ©aen | 20 | 02284 | oz | o154
19 (8:3822) - - ('8_ gg;zl) ('g_ .(2)3;5{901) - 24 | 01949 | 01182 | 0.1027
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20 (8:828(1)) - - (8;$§§§) - ('8 fflzg) 24 | 00323 | -0.0598 | 0.7082

21 (%ggg) - - - ('01"013?3?% (8241124212) 24 | 02206 | 01463 | 0.0731

22 (8:2228) - - ('8_ ';’Q f61) - - 24 | 00000 | -0.0454 | 0.9846

23 (8:388?) - - - ('g_ gggl) - 24 | 01948 | 01582 | 0.0308

24 (83323) - - - - ('3 2287158) 24 | 00289 | -00153 | 04275
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitélpe) Year Engine Year Vehic(ls)Type Fueép;l)’ype Emissio(np)ControIs N R? Adj. R? p h;tci; ecif
26 (36388) (_8 3801(% - ('8_ ;g; 15) - (giiggg) 18 | 07283 | 06701 | 0.0003
27 (33883) ('é’_ S’S&ﬁ’) - (‘8_ ggg 41) - . 18 | 0.6792 | 0.6365 | 0.0002
28 (éjggéé) ('8_ 5’833) - - - (8:%2) 18 | 07111 | 0.6726 | 0.0001
29 (éjéggg) (_(())_ 3’853) - - - . 18 | 0.6792 | 0.6591 | 0.0000
30 (3338;) - ('8_ ?&g’g) (8;$gé§) - (8: éégg) 18 | 05875 | 04991 | 0.0051
31 (éjggéf) - ('8_ 8350757) (8;5?2) - - 18 | 05602 | 05015 | 0.0021
32 (é:gggg) - ('8_ gggg) - - 81?25) 18 | 05848 | 05294 | 0.0014
33 (éjgééﬁ) - ('8_ gggg) - - - 18 | 05288 | 0.4994 | 0.0006
34 (gjggﬁf) - - ('8_ 355‘85) - (giéggg) 18 | 0.0492 | -0.0776 | 0.6852
35 (8%2?% - - (‘8_ '3%81) - . 18 | 0.0000 | -0.0625 | 0.9798
36 (8f(7)$22) - - - - (8:411%8) 18 | 00819 | -0.0286 | 04780
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Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p h;?(; ecif

38 (8:83%) - - (g:ggg) - - 0.2336 | 0.0420 | 0.3315
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant VehlcéLe) Year Engine Year Vehlc(Is)Type Fueh;l;ype Emlssm(np)ControIs R? Adj. R? p I\;t;; e(:f
40 (éjgég% (_c?. 836935 - - - (8:383) 07175 | 06233 | 0.0226
41 éﬁééﬁﬁ) (_8 SSJS - - - . 0.6954 | 0.6519 | 0.0052
42 (33833) - «?SS&% - - (g:gggg) 09811 | 09749 | 0.0000
% | o) ) 0.0190) : : : 05683 | 05066 | 0.0190
43 (éfgggé) - - (g:gggg) (ggggg) 09811 | 09749 | 0.0000
45 (8%2?11) - - - ('g_ 'fggg) - 02520 | 0.1451 | 0.1685
46 (éjéggg) - - - - ('8 ggg% 04794 | 0.4050 | 0.0387

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fueé{;l;ype Emlssm(np)ControIs R Adj. R? p h;?; e(:f
48 (8:?)23%) ('3_ fgfg) - - - (8:(%?2;) 0.8901 | 0.8535 | 0.0013
49 (é:g(l)ié) ('3_ 'Jgéf) - - - . 0.6801 | 0.6344 | 0.0062
50 (8:?)23%) - ('8_ fgfg) - - (8:(%?2;) 0.8901 | 0.8535 | 0.0013
o1 (é:g(l)ié) - ('8_ ggg‘; - - - 0.6801 | 0.6344 | 0.0062
%2 (_8.'4:13752295) ) ) ) (_g.gfegg) (gigiig) 0.7283 | 0.6378 | 0.0200
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53 (gigg%g) - - - ('8_ gggf) - 0.2006 | 0.0864 | 0.2267
54 (_ggggf) - - - - (8?332) 0.2412 0.1328 0.1794
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(I;)Type Fueh;l;ype Emlssm(np)ControIs R Adj. R? p h;?(; ecif
%6 éﬁéi?ﬁ) (_c?. 558821) - - - ('8 'fgfg 0.8269 | 0.7116 | 0.0720
57 (33333) (_8 5;‘118 - - - . 0.6534 | 0.5667 | 0.0516
%8 (éjggég) - (823223) - - ('3 5657275) 0.8270 | 07116 | 0.0720
9| o ) 01075) : : : 03737 | 02171 | 01973
© | oot 0012 08251 | 07813 | 0.0122
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Road Grade >3

Table 75. Results from the Models with CO2 Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Emission

Equation Corzrs);ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueh;l;ype CO?;;OIS N R Adj. R? p ,\;t;; e(:f
10 (107. 67010109; ('01_ 122171% - (33153) - ('8 212271;) 24 0.4080 0.3192 0.0133
11 (107,67000702) (}31_ 35355) - (5518205‘) - - 24 | 0388 | 0.3304 0.0057
12 (10%0060605) ('S_ 555’5‘) - - - (8 o fg) 24 | 02730 | 02038 | 0.0352
13 (105.64020608) (_&gfggg) - - - - 24 | 01734 | 01358 |  0.0429
14 o 6500040(; : (0132963% (ggfgé) : ('3 sl g) 24 | 04529 | 03709 | 0.0063
15 (107.64020306) ) (010737388) (55’5213 - - 24 | 04441 | 03011 | 0.0021
16 (©0000) : 000y : : otes | 2¢ | 03334 | 02609 | 00141
17 (10%6070605; - (_3_8)57155) - - - 24 | 02824 | 02498 | 00075
18 (106,'0404040(; - - ('g_géf; ('g_ﬁgg) ('8 ggggs) 24 | 03446 | 02462 | 0.0343
19 (106,'01000807) - - ('5_'5{370;‘) ('03_'0155;) - 24 | 03159 | 02507 | 0.0186
20 (10%4000507) - - ('g_gg’llg) - ('ggg;g) 24 0.3331 | 0.2696 0.0142
21 (10%300020(; - - - (8:851323) (—&.()1;9351) 24 | 02341 | 01611 | 0.0608
22 (105_63020806) - - ('02_'022820 :) - - 24 | 02152 | 01795 0.0224
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23 (103?6802080?3 - - - (—g'.llgzg;t) . 24 | 01007 | 00598 | 0.1307
24 (10%3000005; - - - - ('&'gfgg) 24 | 02341 | 01993 0.0166
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corg;;ant Vehiczlpe) Year Engine Year Vehic(l;)Type Fueé;)’ype Emissio(np)ControIs N R? Adj. R? p h;?é e(:f
26 oo0on | (018t : 01576 : (05200 18 | 0.3635 | 02270 | 0.0883
27 (10%2010002) (_01_ 1672;41) - (()zgg(% - . 18 | 0.3437 | 0.2562 | 0.0425
2 | o000 | (0z0s1) : : : 005t 18 | 02507 | 01508 | 01148
29 (105,640502()‘; (-& 26325161) - - - - 18 | 0.0885 | 00315 | 0.2306
0| 0000 : (0.0618) 02ren : (04060 18 | 04401 | 03201 | 0.0386
31 (107,'0805050% - ('é_égff) ('5_'5;53;) - - 18 | 0.4108 | 03323 | 0.0189
32 (10762090306) - ('g_'é’gz‘g - - ('&ggff) 18 | 0.3889 | 0.3074 | 0.0249
33 (106,'0008040% - ('é_g??ff) - - - 18 | 0.2563 | 0.2098 | 0.0321
34 (10%6080103) - - (—5.125775) - ('8'5‘)‘3?323) 18 | 0.2750 | 0.1783 | 0.0897
35 (106,'05080601) - - ('02_'53?27% - - 18 | 0.2552 | 0.2086 | 0.0325
36 (10%300020(; - - - - ('01_'019573;‘) 18 | 0.1622 | 0.1098 | 0.0975

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezr;l)'ype Emlssme)Controls N R Adj. R? p I\;gﬂé :If

38 (102,600313()‘; - - (gijfg - : 6 | 03143 | 01429 | 02472
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Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R2 | P h;?(; ecif
40 (10%1050108) (é:gggg) : : : ('5'01771733) 05718 | 04291 | 0.0785
4 (10%306010‘; (_01, féff) - - - - 02302 | 01202 | 0.1912
42 (10%4020308) - ('g_gg g) - - ('3 '55855) 04675 | 0.2900 | 0.1510
43 (é.%gggé) ) (_01_611%) - - - 0.4673 | 0.3912 0.0423
43 (10%4020308) - - - (é:gggg) (01531632) 0.4675 | 0.2900 | 0.1510
45 (105,67030901) - - - ('g_ggf Z) - 04241 | 03418 | 0.0574
% | 00000 : : : : (00429 04654 | 0.3890 | 00429

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(npg:ontrols R? Adj. R2 | P I\Zt;; ecif
48 oo | o1 : : : 05200 02913 | 00551 | 0.3559
49 (101,67030607) (_01, 53»7:52) - - - - 0.2853 | 0.1832 | 0.1385
50 (101.'03071381) . ('g_'f%?g) : : (8%%22) 02913 | 00551 | 0.3559
51 (101.67030607) - (3?37865) - - - 0.2853 | 01832 | 0.385
52 (323323) - - - ('01_'5282:3% (8:2222) 0.0618 | -0.2510 | 0.8259
53 (10%20203033 - - - ('g_ o f) - 0.0290 | -0.1097 | 0.6611
% | oo ) : : : 07507 00098 | 01316 | 07997

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
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Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R? p h;?(; ecif
56 (10?602%83‘; ('6‘_ gzls"'g) - - - (g:gggg) 0.2130 | -0.3117 | 0.6982
S (108,6302931) (_02_ fg‘f;) - - - . 0.1811 | -0.0236 | 0.4002
58 (10%2177‘25) - ('g_ffgg) - - (8:2238) 0.2658 | -0.2237 | 0.6291
9| oo ) (o308 : : : 02539 | 00674 | 0.3081
I s . : : : (0.501) 00780 | -0.1525 | 05919

Table 76. Results from the Models with CO Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehi(zlpe) Year Engine Year Vehic(ls)Type Fuezp;l)'ype %@%EEL(;Q N R? Adj. R? pl\jt;;;f
10 (30%1392635) ('6‘_ sgjf) : ('03_'72%;) : (gzgggg) 24 | 01710 | 00467 | 02791
11 (303,5340121% (SESSE) - (332333) - - 24 | 00214 | -0.0718 | 0.7967
12 (30%41%‘;1) (_03_ 6622115) ) - - (g:gggg) 24 0.1655 | 0.0860 0.1497
13 (30%9036987) (g:gggg) - - - - 24 0.0133 | -0.0316 0.5922
14 (20%33986253 - ('g_ '9833577) ('02_'7253;) - (g:ﬁég) 24 0.1587 | 0.0325 0.3157
15 (301.'07340659) - (g:;‘;jg) (3%3?) - - 24 0.0456 | -0.0453 0.6124
16 (207.'07253%3 - ('g_ gzlgg - - (g:igéi) 24 0.1559 | 0.0755 0.1687
17 (30%.00095787) . (g:gjﬁ) - - - 24 0.0413 -0.0023 0.3411
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8| oo | ; ©o1s6) | (0ozse) | (omea) | 24 | 03409 | 0240 | 0036
19 00155 . : oo | (©oose : 24 | 03402 | 02774 | 00127
20 oo . : (03050) : ooee | 24 | 0580 | oo7re | odess
21 (30%0063697) - : : 2‘0%9298712) (8:8132) 24 | 03325 | 0.2689 0.0144
22 (30%60821‘; . . (g:gigg) . . 24 | 00082 | -0.0369 | 06746
23 00003 . : : (03032 : 24 | 03321 | 03017 | 0.0032
24 00139 : : : : Goses) | 24 | 0155 | 01171 | 0.0568
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueé{;l;ype Emissio(np;:ontrols N R?2 Adj. R? p I\;tgg ecif
e e mer | | g | g e e | ome
27 ooy | (6.0008 : (09004 : : 18 | 05971 | 05433 | 00011
28 o | 0.0008 : : : 05602 18 | 05975 | 05439 | 00011
29 on | 0.000) : : : : 18 | 05967 | 05714 | 00002
s e T EE s | ams Lw e om0
31 (0008 . 66000) (03509 : : 18 | 04073 | 03283 | 00198
32 (©2000 . (00080 : : 08713 18 | 03824 | 03001 | 0.0269
33 ?07.6407020(; . (%oogggs)a . . . 18 | 0.3764 | 03374 | 0.0068
34 29.9582 i : 01753 - 0.4626 18 | 0.0009 | -0.1323 | 09934

89¢



(0.0172) (0.9869) (0.9341)
35 (30%0:?382:; - - (gg;gg) - - 18 | 0.0004 -0.0621 0.9365
36 (30%0063667) - - - - (ggéég) 18 | 0.0009 -0.0616 0.9079
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(Is)Type Fueh;l;ype Emlssm(np)ControIs N R?2 Adj. R? p I\;t;; ec:f

38 (60%532557) - - (82228) - - 6 0.0903 -0.1372 0.5629
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(ls)Type Fueép;l)'ype Emlssm(np)Controls N R? Adj. R? p I\;tg\é ecif
40 o 63082063) (‘5001121% . . . (30%8034417) 9 | 07803 | 07071 | 0.0106
41 (30?i5280322) (gzggé% . . . . o | 00414 | -0.0956 | 05997
42 ?01.6612692% . (15’ ?)'7%?2630 i - 1&%5;2’? 9 | 0.6064 | 0.4752 0.0610
43 (20%897962‘; . (101_'12721059) . . . o | 02460 | 01383 | 01745
43 (401..06126928) . . . l(g%?ig? _(%?iéé%? 9 | 06064 | 04752 | 0.0610
45 (207.65276305) - - - (309 69590262) - 9 0.4424 0.3628 0.0506
46 (20%6860211) - - - - (giggg) 9 0.3008 0.2009 0.1263

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R? Adj. R? p '\zt:; ec:f
48 (%)47%)53; (10%7917112) - - - (1041%18‘190(; 9 0.3707 0.1610 0.2492
49 (301.'267289% (gg%g) - - - - 9 0.0748 -0.0573 0.4763
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50 _(%)%7'%)%3; - (10%7917112) - - (10"fiii90()) 0.3707 | 0.1610 | 0.2492

51 (301l'267‘2899; - (g:Z%g) - - - 0.0748 | -0.0573 | 0.4763

52 (g:ggig) - - - ?0(5"134132363 (g:ggég) 0.5134 | 0.3512 | 0.1152

53 (20%992061‘; - - - 507.675574843 - 0.4231 | 0.3407 | 0.0578

54 (g:gggg) i i i i (10?'1937979(; 02836 | 0.1812 | 0.1399
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(ls)Type Fueép;l)'ype Emlssm(np)Controls R? Adj. R? p I\;tg\é ecif
56 (603 6867553(; (?6533277? : : : (101.'72130032) 0.4587 | 0.0978 | 0.3983
57 (60%1330106) (%412225)3 i i : : 04285 | 02857 | 0.1583
58 ?03 64726165) - ((1)45712%? : i ('S gfgll) 0.3479 | -0.0868 | 0.5265
59 ?0%4328125) ; (%)7272‘;; : : : 03385 | 01731 | 0.2258
60 ?0%043814(; - - - - (%)532251§ 0.2305 | 0.0382 | 0.3351

Table 77. Results from the Models with HC Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Co?;;ant Vehitzlpe) Year Engine Year Vehic(lrt)e)Type Fuezr;l)'ype Ié?ilzzz)?? N R? Adj. R? pl\zt;;;f
10| ooas) | (0109 : (0.2909) - | (bl | 2 | 0194 | 003 | o031
11 (g:igég) (é:?ggg) - ('03_5833) - - 24 0.1570 | 0.0768 0.1663
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12 (8:82(552) (ijgﬁg) - - - ('8 fgfg) 24 | 01100 | 00252 | 0.2943
13 (83353) (é:‘r{ggg) - - - . 24 | 00868 | 00453 | 0.1623
14 (101.67086855) - (8:2321) ('03;1015; : (g:gggi) 24 | 00918 | -0.0445 | 05783
15 (101,680%1182) - (éjéi% ('03_'58305) - . 24 | 00890 | 00023 | 03756
16 (3j§i§2) - (é:éié% - - ('3 83??15391) 24 | 00129 | -00811 | 08724
7| gows) ] 06297 : - : 24 | 00108 | -00342 | 06297
10 (102.62082431) - ] (ge?gzzg) (g‘:ié‘é?) (89288311) 24 | 01088 | -0.0249 | 05011
19 (102,61071142) - - (53{’2931) (g:géég) - 24 | 01082 | 0.0233 0.3005
20 (102.64011289; i i (35715??) i (ggigg) 24 0.0845 | -0.0027 0.3958
21 (1096501218% - - - (gég;g) ('&ggf;) 24 | 00589 | -0.0307 | 05285
22 (103?'02070637) - - ('g_ff(?g) - - 24 | 00703 | 0.0280 0.2106
23 (3j$8§§) - - - (g:géig) . 24 | 00379 | -0.008 | 0.3618
24 (10%0063185; - : : : (8523% 24 | 00004 | -0.0451 | 09291
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehi(EIpe) Year Engine Year Vehic(ls)Type Fuezr;;ype Emissio(np)ControIs N R Adj. R? p Gﬁ; ;f
26 (101.6825;1629) (géggg) ] (070257;62) - (ééégg) 18 | 03023 | 01528 | 0.1571
21 (102,60178381) (8?28) - ('g_gfff) - . 18 | 0.2839 | 0.1884 | 0.0818
28 (ijgfé) (Sjégﬁi) - - - (01235551) 18 | 00851 | -00369 | 05133
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29 (gjﬁgig) (géggg) - - - - 18 | 0.0605 | 0.0018 | 0.3252
30 (10%7033090) - (g:g%g) (-07.6161%(15) - (é:égié) 18 | 0.2432 | 0.0810 | 0.2579
31 (105,6003205% - (835‘;‘2) ('8_355507) - - 18 | 02241 | 0.1206 | 0.1492
32 (101.6217883% - ('g_ ';)68335 - - ('&gégf) 18 | 0.0307 | -0.0986 | 0.7917
33 (10%112166(; - (017123223 - - - 18 | 0.0081 | -0.0539 | 07224
34 (105.6001151‘; - . ('07_'0257;‘5) . (ézééig) 18 | 02418 | 0.1407 | 0.1254
35 (105,62030177) - - ('g_gffg) - : 18 | 0.2234 | 0.1748 | 0.0476
% | 00069 . : : : 05503 18 | 0.0246 | -0.0364 | 05343
Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(lrtje)Type Fuezp;l)'ype Emlssm(npg:ontrols N R? Adj. R? p I\Zt;; ecif

38 (100,'045792833 - - (géééi) - - 6 | 02303 | 00379 | 0.3354
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fueé{;l;ype Emlssm(np)ControIs N R Adj. R? p h;?; e(:f
40 (é:gg(l)g) (20%7056601) - - - '(%fdfé‘g 9 | 07430 | 06574 | 0.0170
4 (g:ggié) (315352) - - - - 9 | 01007 | 00.0278 | 0.4054
42 (Sjgﬁgi) - (706_'0632773% - - '(3%357’% 9 | 05432 | 03910 | 00953
43 (104&)0678607) - (8:519283) - - - 9 | 00002 | -0.1426 | 0.9698
43 (32523) - - - (2602%3 (20%24%1807) 9 | 05432 | 03910 | 0.0953
45 16.1598 - - - 5.6875 - 9 | 00516 | -0.0839 | 0.5566
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(0.0189) (0.5566)
46 (10%8468771) - : : : ('g'ggjf) 0.0027 | -0.1398 | 0.8941
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(ls)Type Fueh;l;ype Emlssm(np)ControIs R Adj. R? p h;?(; ecif
48 (Sfffgg) (g:(l)égg) - - - (é:?g% 05626 | 04168 | 0.0837
49 (8233?) (3183?8) - - - - 04013 | 03158 | 0.0670
0 | (0aste) ] (0.0530) : : 01870 05626 | 04168 | 00837
5L | geson) ) 6.0670) : : : 04013 | 03158 | 0.0670
52 (Sjiigé) - - - (102_6228077% (g:gﬁg) 06721 | 05628 | 0.0353
53 (S‘jg??ﬁ) - - - (102_6%77511) - 0.6687 | 0.6214 | 0.0071
>4 (ngggé) - - - - (é:;igé) 01413 | 00186 | 0.3188

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant VEhI(E:)e) Year Engine Year Vehlc(Is)Type Fuezi;l;ype Emlssm(npg:ontrols R Adj. R? p h;?é ecif
56 (10%5843091) (%)12%5113? : : : (g:iggi) 0.4465 | 00774 | 0.4118
S (102,65695752) (_{?, 224?31:) - - - . 0.3179 | 0.1474 | 0.2439
58 (109'1840717(; - ('g_féég) : : (8:3522) 0.2084 | -0.3193 | 0.7043
> (1096880816(; - ('03_';?33531) - - - 02080 | 00101 | 0.3633
60 ©.1145) ) - - - 05513 0.0955 | -01307 | 0.5513
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Table 78. Results from the Models with NOx Emissions

Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corg;;ant Vehi(z:ae) Year Engine Year Vehic(Ipe)Type Fuezl;;ype i@iﬁ?ﬁg N R2 Adj. R? p '\Zt(;’:l; :If
10 1(320(8)8353 (?620%%%; ] (532%9) ) ('g-f;‘gg) 24 | 07511 | 0.7137 0.0000
1 1(8?6(8)8(7)? -(3(’)‘.5(-)?(3)%%()) ) _(%)(.)i%gs)) ; ] 24 | 07266 | 0.7006 0.0000
o 1(3.7688?)? _(%(.)6%%)%; ] ] ] ('ggg;f) 24 | 07409 | 0.7162 0.0000
13 1(3%888? _(%(.56?)%%()) . - - - 24 0.6943 | 0.6804 0.0000
" 1(3%3(2)3;) ] _(?6.26%% (‘01--5026762) i ('3;2822;) 24 | 07941 | 07632 |  0.0000
15 1(3.16?)83? ] -(g%%%g (_3341574) - - 24 | 07777 | 0.7566 0.0000
6 1(310(7)(2)3? ] (?620?656%? ] i (31758832) 24 | 07934 | 07738 |  0.0000
17 1(87088(7);) . (?660%%%? ] - - 24 | 07724 | 0.7620 0.0000
18 ?0%5050101) ] ] ('5‘_ gglgg) (230%15)3 (_07, 22;’51) 24 | 04803 | 04127 | 0.0033
19 (%60%%%6_ ] ] ((1)0217;?3? (230%38%; - 24 | 04577 | 0.4061 0.0016
20 230%1050301) ] ] (5:;22613) ) _(%).76%;26)3 24 | 03741 | 03145 0.0073
1 ?07.6501010?3 ] ] ] (‘(‘)903%3;)3 ((?17;965) 24 | 04834 | 04342 | 0.0010
2 250%0040231) . ] '((1)‘_)4%‘;5)9 - , 24 | 00323 | -0.0117 0.4005
’3 (70%3020207) . ] ] '((7)?6%3(;%; - 24 | 04254 | 0.3993 0.0006
o (909'0509060% ] ] ] i '(%)%ﬁg 24 | 03729 | 03443 | 0.0015
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Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(IF()e)Type Fuezi;l)'ype Emissio(np)ControIs N R Adj. R? p I\;gaé ecif
o | mem || gmmt [ e | oses | oson | ooos
27 1(8.76388? (365035125 - 'é?i%i?é% - - 18 | 0.5565 | 0.4973 | 0.0022
28 1(330383;) (?650%5121§’ . . . (ggggf) 18 | 05603 | 05119 | 0.0018
29 1(320388;) (?650%5127§’ . . . . 18 | 0.4684 | 04351 | 0.0017
0 | ‘oo0o0) | - 0o0e) | (07650 : o135 |18 | 06816 | 06133 | 00009
31 1(3408(1)8;) . (%80%%335)’ (5583;81) . . 18 | 06251 | 05751 | 0.0006
32 1(380(1)(2)(7);) . (?690%?3;’ . . (g gg;’f) 18 | 06795 | 0.6367 | 0.0002
33 1(8%8(1)8;) i '(‘(‘)C_’(')%(lﬁ()) . . . 18 | 0.6134 | 05892 | 0.0001
34 ?0%0090506) - - ('g_'gégg) - ('gfgg) 18 | 0.1209 | 0.0037 | 0.3803
35 ?0%69010508) - - (%)5222% - - 18 | 0.0881 0.0311 0.2317
36 ?07.'0501010?3 - - - - (-(E)B, 175583) 18 | 0.1010 0.0448 0.1988

Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Co?;;ant Vehltzlpe) Year Engine Year Vehlc(Is)Type Fuezr;l;ype Em|SS|o(np)Contr0Is N R?2 Adj. R? p '\zt:; ec:f

38 (82212) - - (822231) - - 6 0.1662 -0.0422 0.4223
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Co?s;ant Vehlczlpe) Year Engine Year Vehlc(IF()e)Type Fuezp;l)'ype Emlssme)Controls N R? Adj. R? p I\Z?(; :If

40 104.0450 -0.6525 - - - -25.4809 9 0.9550 0.9399 0.0001
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(0.0000) (0.9374) (0.0033)
a1 1(3%3815) _(?6%6%2131()) i . - - 0.7888 | 0.7587 0.0014
o 1(8%338? ] -(‘é?iz%ig ] ] (Z):%igi’) 0.9679 | 09571 | 0.0000
43 1(8.763(2)(1)? i -(?6%‘(‘;%%()) ) - - 0.9673 | 0.9626 | 0.0000
1 1(8%338;) ] ] ] 2‘05_-12741401) _(%%%22? 0.9679 | 0.9571 | 0.0000
i (80%8010505) ] ] ] (%70%%§’ - 0.8487 | 0.8271 | 0.0004
16 1(830838;) ] ] ] ) (35038(2)3 0.9549 | 0.9485 | 0.0000
Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehw(l;)e)Type Fuezp;l)'ype Emlssm(np)Controls R? Adj. R? p I\;t;; ecif
18 307.61101906) (361081(3)?; ] ] ] (_01,'821327) 0.6904 | 05873 | 0.0297
49 ?0%002067(; (3(’)1023;? ) ] - - 0.6883 | 0.6438 | 0.0057
50 507.61101906) ] _(?6.16??)2; ] ] (_3,'821;27) 0.6904 | 05873 | 0.0297
51 (903?.00020670) . _(?6_1622% ) - - 0.6883 | 0.6438 | 0.0057
5 (30?.2342327(; ] ] . '(%?6182‘3 (3:2‘7‘25) 0.4084 | 02112 | 02071
£3 5056602992?3 ] ] ] '(%?d‘ézg - 0.3507 | 0.2579 | 0.0930
" ?01.'22917911) ] ] ] i ('8-93;‘543) 0.0002 | -0.1427 | 0.9744

Models for Roll-off Trucks- E~f(VY, EY, EC) [55]

Equation Co?;;ant Vehltélpe) Year Engine Year Vehlc(Is)Type Fuezr;;ype Em|SS|o(np)Contr0Is R? Adj. R? p I\zga(; ;f

55 1(;%522;) -(%%ég ] ] ] '(%.25333‘; 0.7291 | 05486 | 0.1410
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S 1(3,20'822? (%Zoi% - - - . 0.6867 | 0.6083 | 0.0415
>8 1((2),1(588(3);) - _(%?3'1‘8% - - '(%.72'2125 07712 | 06187 | 0.1094
59 1(3.1(582(3)? - '{é,%@?—,%? - - - 0.6421 | 05526 | 0.0553
00 1((%,%32@1;? - - - - '(‘é‘.‘éigg 06735 | 05919 | 0.0453
Table 79. Results from the Models with PM Emissions
Models for All Trucks- E~f(VY, EY, VT, FT, EC) [9]

Equation Corzrs);ant Vehi(ELe) Year Engine Year Vehic(ls)Type Fueh;l;ype E:rgifgzgg N R Adj. R? p ,\;t;; e(:f
10 (8:8(2)88) ('8_ Jg&}) - ('g_ 512323‘3 . (00'966255101) 24 | 06381 | 05838 | 0.0001
1 (éfgégg) (_8_ 502507) - ('8_ $§§§) - - 24 | 06300 | 0.5948 0.0000
12 (éjﬁééé) ('é’_ J&}é’) - - - (giggﬁ% 24 | 06318 | 05967 | 0.0000
13 (éjSSSS) (_8_ 502507) - - - : 24 | 06278 | 06100 | 0.0000
14| oo000) - (00002 (09060 - osors | 24 | 05795 | osies | 0.0005
15 (é:gggg) - ('8_ SS&% (8;3232) - - 24 | 05738 | 05332 0.0001
16 (é:gggg) - ('8_ gggf) - - (82222) 24 | 05792 | 05391 | 00001
17 (é:gggg) - ('8_ §§§(§’) - - - 24 | 05717 | 05522 | 0.0000
18 (é:(l)(z)ig) - - ('g_ g%% ('g_ 'gfég) ('8 ?géf) 24 | 01947 | 00739 | 0.2183
19 (éigggg) - - ('8_ o 4582) ('g_gggg) - 24 | 01893 | 01121 | 0.1104
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20 (é:éggi) - - (8;§8§§) - ('8 '02357;) 24 | 01288 | 0.0458 0.2351

21 (é:ééﬂ) - - - ('g 'fgfg) ('8 'ggfg 24 | 01946 | 01179 | 0.031

22 (8:2%3) - - ('8_ g’fgg) - - 24 | 00022 | -0.0432 | 0.8288

23 (éjgggg) - - - ('g_ggf% - 24 | 01872 | 01502 | 0.0347

24 (éjééf)‘;‘) - - - - ('3 Ozgggz) 24 | 01223 | 00824 | 00939
Models for Diesel Trucks- E~f(VY, EY, VT, EC) [25]

Equation Co?;;ant Vehitélpe) Year Engine Year Vehic(ls)Type Fueép;l)’ype Emissio(np)ControIs N R? Adj. R? p h;tci; ecif
26 (Sfégég) (_01_ 85‘33 - ('8_ 3}28; - ('3 ggf;) 18 | 0.6523 | 05778 | 0.0016
27 (Sjéégé) (-& 85‘(?{‘) - ('8_ 2885’; - . 18 | 0.6471 | 0.6001 | 0.0004
28 (S:éggg) (_ol_ QSS{‘) - - - ('8 é)g;f) 18 | 0.6522 | 0.6058 | 0.0004
29 (3:838(7)) (_01_ 5’5‘3{‘) - - - - 18 | 0.6430 | 0.6207 | 0.0001
30 (éjéggi) - ('3_5’5551) (8;52%‘) - ('8 jgssf) 18 | 05973 | 05110 | 0.0043
31 (éjéggi) - ('3_5’85’3 (8;1333) - - 18 | 05803 | 05244 | 0.0015
32 (é:gggg) - ('8_ 8)3351) - - ('8 ggfg) 18 | 05663 | 0.5085 | 0.0019
33 (3:838(7)) - ('8_ é’gjg - - - 18 | 0.5650 | 05378 | 0.0003
34 (éjéﬁgg) - - ('8_ 9?61 fg) - ('3 '?86215) 18 | 0.0093 | -0.1228 | 0.9325
35 (éjéi% - - ('8_ Qﬁff) - : 18 | 0.0041 | -0.0582 | 0.8011
36 00049 ) : : - (07058 18 | 0.0091 | -0.0528 | 0.7058
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Models for CNG Fuel Trucks-E~f(VT) [37]

Equation Corgrs);ant Vehi(é:)e) Year Engine Year Vehic(l;)Type Fuezi;l)'ype Emissio(np)ControIs R Adj. R2 | P h;?(; ecif

38 (8:8153) - - (823;2) - - 0.1270 | -0.0912 | 0.4880
Models for Front-load Trucks- E~f(VY, EY, FT, EC) [39]

Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(Is)Type Fueh;l;ype Emlssm(np)ControIs R? Adj. R? p I\;t;; e(:f
40 (éjgéig) (_c?. S’SSJ) - - - (8%328?) 0.6869 | 0.5826 | 0.0307
41 éﬁééﬁé‘) (_8 gg‘g& - - - . 0.6750 | 0.6285 | 0.0066
42 (33338) - (SJSJS) - - (g:gggé) 0.9979 | 0.9972 | 0.0000
43 (3:382673) ) (_g_ Sf?g) - - - 0.5774 | 0.5170 0.0175
43 (éfgggg) - - - (g:gggg) (01355107) 0.9979 | 0.9972 | 0.0000
e (8fggég) ) - - ('3_ fgfg) - 02558 | 0.1495 | 0.1648
46 (313333) - - - - ('8 gggg) 04870 | 04137 | 0.0366

Models for Side-load Trucks- E~f(VY, EY, FT, EC) [47]

Equation Co?s;ant VehI(ELE‘) Year Engine Year Vehlc(Is)Type Fueé{;l;ype Emlssm(np)ControIs R Adj. R? p h;?; e(:f
48 (8:32171) ('3_ 5’5{’% - - - (8:(%;2) 0.8610 | 0.8147 | 0.0027
49 (3233}3) ('3_ 535242) - - - . 0.6927 | 0.6488 | 0.0054
50 (8:32171) - ('8_ é’(?f?) - - (8:(%;2) 0.8610 | 0.8147 | 0.0027
51 (é:ggﬂ) - ('5’_ 5’3525) - - : 0.6927 | 06488 | 0.0054
52 (8533(% - - - (0103213788) (g:ggég) 06794 | 05726 | 0.0329
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53 (82335{3) - - - ('8_ 58885‘:3) - 02151 | 01030 | 0.2085
54 ('8'8105% - - - - (g:ggfg) 0.1966 | 0.0818 | 0.2319
Models for Roll-off Trucks- E~f(VY, EY, EC) [55]
Equation Corzrs);ant VehlcéLe) Year Engine Year Vehlc(I;)Type Fueh;l;ype Emlssm(np)ControIs R Adj. R? p h;?(; ecif
56 (Sjgﬁgi) (_ol_ '325}% - - - (8:8822) 0.6170 | 0.3617 | 0.2370
57 (nggﬂ) (-& ngf) - - . . 0.6170 | 05213 | 0.0641
%8 (Sjéﬁﬁé) - ('8_ zfé’gg) - - ('3 .y Z) 05756 | 02927 | 0.2764
9 | o ) 0.1075) : - — 05167 | 03958 | 01075
0 (éfgg;%) - - - - ('3 199?765) 0.4624 | 03280 | 0.1372
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