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Abstract 
 

This project was co-sponsored by the South West University Transportation Center (SWUTC) 
and Region 6 of the United States Environmental Protection Agency (EPA) for a total amount of 
$105,000. The overall goal of the project was to develop a methodology and to apply this 
methodology to estimate emissions produced by trucks from Mexico crossing the El Paso-
Ciudad Juarez border locations. The specific objectives of the study were to develop a: 
 

• border crossing fleet profile - profile of the make, model, and year of trucks crossing the 
two main border bridges; 

• border crossing travel profile –profiles of the drive cycles (acceleration, deceleration, 
cruising, idling, and creep idling) of trucks crossing the two main border bridges; and 

• border crossing emissions profile –estimates of idling emissions and driving emissions of 
trucks crossing the two main border bridges  

 
TTI used portable emissions measurement system (PEMS) equipment along with Tapered 
Element Oscillating Micro-balance (TEOM) equipment operated by Oak Ridge National 
Laboratory to measure the truck emissions. The project provided insight into the fleet, travel, and 
emissions characteristics of trucks crossing the El Paso-Ciudad Juarez border locations. 
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Executive Summary 

 
The El Paso region continues to face serious air quality challenges particularly due to the large 
number of trucks that circulate between Ciudad Juarez and El Paso. Following the 
implementation of the North American Free Trade Agreement (NAFTA), trade between the U.S. 
and Mexico increased substantially. Northbound truck movements through Ciudad Juarez-El 
Paso gateways grew from less than 600,000 per year in 1994 to more than 700,000 per year in 
2004, and the number of trucks crossing the U.S.-Mexico border is expected to continue 
growing, creating higher congestion levels and increased emissions. The northbound movements 
of trucks (import into the U.S.) in particular create long waiting times in the border locations due 
to several security and safety inspections that occur during the process. 
 
The El Paso-Ciudad Juarez region is served by two major truck ports of entry. The Bridge of the 
Americas (BOTA) is located in the center of the El Paso-Ciudad Juarez metropolitan area, and in 
February 2004 had an average weekday volume of northbound traffic of 1,300 trucks. The 
Zaragoza border crossing is located on the southeast side of El Paso and processed 
approximately 1,160 trucks on a typical weekday in February of 2004 
 
The overall goal of the project was to develop a methodology and to apply this methodology to 
estimate emissions produced by trucks from Mexico crossing the El Paso-Ciudad Juarez border 
locations. The specific objectives of the study are to develop a: 
 

• border crossing fleet profile - profile of the make, model, and year of trucks crossing the 
two main border bridges; 

• border crossing travel profile –profiles of the drive cycles (acceleration, deceleration, 
cruising, idling, and creep idling) of trucks crossing the two main border bridges; and 

• border crossing emissions profile –estimates of idling emissions and driving emissions of 
trucks crossing the two main border bridges. 

 
Fleet Profiles 
The average northbound truck volume for the two bridges is approximately 2,500. A survey of 
trucks moving from Ciudad Juarez to El Paso was conducted from May 3 through May 6, 2005 
covering the hours of operation of both bridges. From the approximately 1,800 trucks that were 
surveyed on a typical day crossing from Mexico into El Paso at both the BOTA and Zaragoza 
bridges, 89% were found to be Class 8 (tractor-trailer) trucks with 11% being the smaller Class 5 
trucks. There were 25 different model years (stretching from 1980 to 2005) found during the 
survey. It was found that more than 20% of the vehicles are more than 15 years old. Of the total 
fleet surveyed, 75% included models from 1991 through 2002. Very few long-haul trucks were 
found in the sample. 
 
BOTA and Zaragoza bridges have their unique peaking characteristics when severe traffic 
congestion occurs. The non-toll BOTA Bridge is used to relocate empty drayage trucks in the 
early hours of the day, and to cross laden trucks transporting the morning’s production from 
around 2:30 p.m. to approximately 5:30 p.m., when the bridge closes. Zaragoza has two periods 
of high congestions—from the opening hour at 8:00 a.m. until around 11:00 a.m., and between 
6:00 p.m. and 8:00 p.m. 
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Travel Profile 
Global Position System (GPS) technology was used to collect drive-cycle information at both the 
BOTA and Zaragoza bridges. The drive cycle information included travel times, idle, creep idle, 
acceleration, and deceleration data. Travel profiles were analyzed by dividing the northbound 
border crossing process into three sections. The first section stretches from the entrance of the 
Mexican Customs compound to the U.S. Customs primary inspection booth. (This section 
includes the international crossing). The second section of the trip is the one that occurs inside 
the U.S. federal compound, and the third section is the one that takes the commercial vehicles 
through the state Safety Inspection Facility. 
 
Idling is a very important component of the drive cycle analyzed in this study. Idling can be 
categorized as either regular or normal idling or creep idling. Normal idling occurs when the 
vehicle is at a total standstill whereas creep idling occurs when the vehicle is moving at a speed 
less than 5 mph and has an acceleration or deceleration less than 0.5 mph/sec. This threshold for 
creep idling seemed to be an appropriate divider between trucks involved in creep idling and 
actually driving.  
 
The analysis of the creep idling and idling times leads to the conclusion that Section 1 of the 
northbound trip that includes travel trough Mexican Customs and the actual bridge crossing, 
resulted in approximately 50% of the time that trucks idle or move at a very low speed. In the 
second portion of the trip (Section 2) on average more than 75% of the trip is spent idling or 
creep idling due to low speeds as a result of congestion and various inspections. Section 3 
involves the state safety inspection process, which resulted in just over 40% of creep idling and 
idling occurring at the BOTA crossing. 
 
The table below shows that the average percentage idling and creep idling for both bridges is 
above 60%. In addition, the travel time for Zaragoza is more than that for BOTA. This can be 
attributed to the fact that Zaragoza has higher percentage idling and creep idling than the BOTA 
bridge. 
 

BOTA Zaragoza 
Section Travel 

Time (min) 
% Normal 

Idle 
% Creep 

Idle 
Travel 

Time (min) 
% Normal 

Idle 
% Creep 

Idle 
1 8.5 41% 18% 11.1 36% 13% 

2 8.2 62% 13% 23.0 75% 8% 

3 4.2 13% 29% - - - 

Total 21.0 45% 18% 34.2 63% 9% 

 
 
The drive cycles were analyzed to identify the number of accelerations and decelerations during 
a typical border crossing. It was found that for both BOTA and Zaragoza approximately eight 
acceleration and eight deceleration events were identified during a typical border crossing. This 
information is useful in developing generic drive cycles that can be used for emissions 
estimation. 
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Emissions Profiles 
The study team tested nine trucks ranging from 1985 to 1998 with between 150,000 and more 
than 1.7 miles accumulated. The displacement of the engines ranged from 10 liters to 14 liters. 
These trucks were subjected to four different idling modes including five instances of full throttle 
idling over a short period of time. Portable Emissions Measurement System (PEMS) units were 
used to test oxides of nitrogen (NOx), hydrocarbon (HC), and carbon monoxide (CO) emissions. 
For measuring particulate matter (PM), both PEMS and Tapered Element Oscillating 
Microbalance (TEOM) equipment were used. 
 
It was found that there is no clear correlation between the age of the trucks and the NOx 
emissions rates. There is also no clear correlation between the accumulated miles and the NOx 
emissions rates. In addition, the NOx rates seem to increase with additional engine load due to 
the use of the air conditioner and higher idling rates. Only two of the nine trucks had NOx 
emission rates higher than the 135 grams per hour (g/hr) guidance by the U.S. Environmental 
Protection Agency (EPA). The snap NOx emissions ranged from approximately 100 to 660 g/hr. 
 
By calculating an average exhaust mass concentration using the TEOM and then comparing 
these values to the optical light scattering values from the PEMS, a simple regression model 
could be constructed. The linear regression model applied to these two methods of PM 
measurement was found to indicate a high degree of correlation between the two, with an R2 
value of approximately 0.8. This model could then be used to estimate PM concentrations. 
 
As in the case with NOx it was found that there is no clear correlation between the age of the 
trucks and the PM emissions rates. The PM rate tends to increase with the higher engine loads. 
The PM rate ranges from 0.7 to 3.3 g/hr, which is in-line with the results of other studies 
performed in the U.S. As in the case with NOx, only two trucks exceeded the EPA guidance for 
PM emissions during long duration idling. The snap PM emissions ranged from approximately 
50 g/hr to more than 400 g/hr. 
 
It was found that approximately 24 tons on NOx and 0.3 tons of PM are produced on an annual 
basis by trucks idling at the BOTA and Zaragoza bridges. These emissions are not particularly 
high as compared with the total on-road mobile source emissions for the El Paso region (less 
than 1%). However, it should be noted that these emissions can be significant for an area such as 
El Paso, which is seeking to remain in attainment for ozone and PM. In addition, it should be 
noted that these emissions are generated in a very small geographic area (two border bridges), 
resulting in high concentrations of pollutant emissions in these areas. 
 
The study team found that it was possible to collect emissions from a truck during actual 
crossings through the U.S.-Mexico border. However, due to the extensive coordination effort and 
the extremely sensitive nature of the fairly new technology, numerous challenges were 
encountered and it is recommended to collect the emissions on either the U.S. or Mexico sides by 
having the trucks travel according to pre-determined drive cycles while being equipped with 
PEMS units. 
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Recommendation 
The research team developed and applied a methodology to estimate truck idling emissions at the 
El Paso-Juarez border locations. This research can be seen as a first step in developing a 
comprehensive Border Crossing Emissions Measurement Model (BCEMM). The model would 
have wide applications in determining and forecasting commercial vehicle emissions at land 
border crossings. The model would consist of the same three components as described above—
fleet characteristics, travel profiles, and emission profiles. A detailed database of the truck fleets, 
a comprehensive set of drive cycles, and a comprehensive sample of emissions rates under 
different driving modes should be used as building blocks for developing the BCEMM. 
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1. Introduction 
 
1.1 Purpose of the Study 
The overall goal of the project is to develop a methodology and to apply this methodology to 
estimate emissions produced by trucks from Mexico crossing the El Paso-Ciudad Juarez border 
locations. The specific objectives of the study are to develop a: 
 

• border crossing fleet profile - profile of the make, model, and year of trucks crossing the 
two main border bridges; 

• border crossing travel profile - profiles of the drive cycles (acceleration, deceleration, 
cruising, idling, and creep idling) of trucks crossing the two main border bridges; and 

• border crossing emissions profile - estimates of idling emissions and driving emissions of 
trucks crossing the two main border bridges. 

 
1.2 Background 
El Paso, Texas is currently the fifth largest city in Texas and the 23rd largest city in the U.S. 
Ciudad Juárez, El Paso’s sister city across the U.S. border, is the largest city in the state of 
Chihuahua and the fifth largest city in all of Mexico. According to the 2000 census, El Paso’s 
total population was approximately 680,000, and combined with Ciudad Juárez, the population 
of the bi-national metropolitan area is estimated at 2 million people. 
 
The El Paso region has been designated as nonattainment of air quality standards in terms of the 
ozone, carbon monoxide, and particulate matter standards. In 2004 the El Paso MPO requested 
the Texas Commission of Environmental Quality to apply for re-designation to attainment status 
in terms of ozone pollution standards. Nevertheless, El Paso will continue to face serious air 
quality challenges particularly due to the large percentage of trucks from Mexico entering and 
exiting El Paso through its two major ports of entry. It is also known that the El Paso-Ciudad 
Juárez border crossing is one of the busiest crossings along the U.S.-Mexico border. 
 
Following the implementation of the North American Free Trade Agreement (NAFTA), trade 
between the U.S. and Mexico increased substantially. Total surface trade (rail and truck) between 
the two countries increased at an annual average rate of approximately 10 % in the 10-year 
period since NAFTA started. Trade by road between the two countries reached a historical 
maximum in 2004 with $195 billion. Northbound truck movements through Ciudad Juárez-El 
Paso gateways grew from less than 600,000 per year in 1994 to more than 700,000 per year in 
2004(1). The number of trucks crossing the U.S.-Mexico border is expected to continue growing 
creating higher congestion levels and increased emissions. 
 
 



2 

1.3 Commercial Border Crossing Process 
The El Paso-Ciudad Juárez metropolitan area is served by two international commercial vehicle 
crossings in Texas and one in New Mexico. The Santa Teresa, New Mexico gateway is a land 
crossing 11 miles west of El Paso. The other two commercial crossings in the region, Bridge of 
the Americas (BOTA) and the Ysleta-Zaragoza bridge (Zaragoza), are international bridges over 
the Rio Grande River. Figure 1 shows the location of the three land ports of entry. 
 

Figure 1. Location of International Bridges in the El Paso–Ciudad 
Juárez Metropolitan Area. 

 
 
The northbound movements (import into the U.S.) in particular create long waiting times in the 
border locations due to several security and safety inspections that occur during the process. The 
process is complicated because of the requirements to file shipment data with both Mexican and 
U.S. agencies, preparation of paper forms that are carried with the shipment, transportation of 
goods between the two countries, and the involvement of a large number of public and private 
stakeholders. 
 
The following sections outline the preparation required before the shipment reaches the 
international port. 
 

1. The shipper sends information to the Mexican and U.S. customs brokers for preparation 
of export/import paper documents and electronically filing of the required information 
with the U.S. and Mexican customs authorities and other public agencies. Included in this 
information are details about the shipment, conveyance, and driver that appear on two 
key documents: the Mexican export document (Pedimento) and the U.S. Inward Cargo 
Manifest. 

2. If the shipment originates in the interior of Mexico, the long-haul trucking firm picks up 
the shipment and transports it to the customs broker or freight forwarder yard on the 
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Mexico side of the border. Then a tractor and driver (drayage) that have the required 
documentation to cross the border pick up the trailer. 

3. If the shipment originates at the assembly plant (most likely a maquiladora plant) in the 
U.S.-Mexico border region, the drayage truck picks up the loaded trailer and the required 
documentation to proceed toward the international port. This is the case for the majority 
of crossings in the El Paso-Ciudad Juarez area. 

 
When the shipment with the authorized driver and truck are at the international port, the truck 
proceeds through the following main physical areas: 
 

• Mexican export lot; 
• U.S. federal compound; and 
• state safety inspection facility. 

 
A description of the main activities that occur in the northbound border crossing process is 
presented in the following sections and illustrated in Figure 2. 
 

Figure 2. Northbound Commercial Border Crossing Process. 
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U.S. Federal Compound 
At the primary inspection booth, the driver of the truck presents identification (proof of 
citizenship or a valid visa or laser card), a copy of the Inward Cargo Manifest, and the 
commercial invoice to the processing agent. The U.S. Customs and Border Protection (CBP) 
inspector at the primary inspection booth, using a computer terminal, cross-checks the basic 
information about the driver, vehicle, and load with information sent previously by the U.S. 
customs broker. The inspector then makes a decision to refer the truck, driver, or load for a more 
detailed secondary inspection of any or all of these elements or releases the truck to the exit gate. 
 
A secondary inspection includes any inspection that the driver, freight, or conveyance undergoes 
between the primary inspection and the exit gate of the U.S. federal compound. Personnel from 
CBP usually conduct these inspections, which can be done by physically inspecting the 
conveyance and the cargo, or by using nonintrusive inspection equipment (such as x-ray). Within 
the compound, the U.S. Department of Transportation (USDOT), Federal Motor Carrier Safety 
Administration (FMCSA), and the Food and Drug Administration (FDA) have personnel and 
facilities to perform inspections when required. 
 
State Safety Inspection Facility 
In the majority of the POEs, the stations are located adjacent to the federal compounds. State 
police personnel interview drivers and inspect conveyances to determine whether they are in 
compliance with U.S. safety standards and regulations. When the initial visual inspection finds 
any violation, the truck proceeds to a more detailed inspection at a special facility. 
 
After leaving the state inspection facility, the driver typically drives to the freight forwarder or 
customs broker yard to drop off the trailer for later pickup by a long-haul tractor bound for the 
final destination. 
 
The time required for a shipment to make the complete trip from the yard or the manufacturing 
plant in Mexico to the exit of the state inspection facility is dependent on the number of 
secondary inspections required, as well as the number of inspection booths in service and traffic 
volume at that specific time-of-day. 
 
1.4 Security Programs 
Among the most recent initiatives from the U.S. government to increase security and facilitate 
legitimate trade at commercial POEs is the Free and Secure Trade (FAST) program implemented 
by CBP. The objective of FAST is to incentivize supply chain security by offering expedited 
clearance to carriers and importers enrolled in the Customs Trade Partnership Against Terrorism 
(C-TPAT) (2). 
 
C-TPAT is a joint government-business initiative to build cooperative relationships that 
strengthen the overall supply chain—importers, carriers, brokers, warehouse operators, 
manufacturers, and border security. C-TPAT recognizes that Customs can provide the highest 
level of security only through close cooperation with the ultimate owners of the supply chain. 
Through this initiative, Customs is asking businesses to ensure the integrity of their security 
practices and communicate their security guidelines to their business partners within the supply 
chain (3). 



5 

The U.S. Customs and Border Protection Trade Act requires advance transmission of electronic 
cargo information, requiring information for FAST shipments to be received 30 minutes prior to 
the shipment reaching the U.S. Non-FAST shipments require one-hour notification. 
 
Both the BOTA and Zaragoza bridges have dedicated FAST lanes from the exit of the Mexican 
export lots. FAST allows CBP agents to instantly identify designated low-risk commercial 
vehicles, drivers, and cargo that are compliant with C-TPAT’s guidelines. As these shipments 
approach a FAST lane at a commercial crossing, a wireless radio frequency identification (RFID) 
reader recognizes the unique identification number encoded on both the truck’s windshield 
sticker tag and the driver’s identity card. It associates this information with import, carrier, and 
driver information previously submitted to the system electronically. (This RFID process is very 
similar to high-speed toll tags offered in some cities). At the inspection booth, the inspector 
confirms that the shipment has met all clearance requirements, including confirmation that the 
driver matches the digital image and biographical information that was pre-filed. 
 
Non-FAST–enrolled commercial vehicles with traditional paper documentation take longer to 
process, and they are more likely to experience secondary inspections sometimes requiring 
unloading the truck for detailed inspection. 
 
1.5 Status of Opening the Border to Trucks from Mexico 
NAFTA’s original trucking provisions were designed to improve transportation efficiency by 
enabling more seamless cross-border trucking operations. The accord stipulated that restrictions on 
the movement of trucks from Mexico beyond a narrow commercial zone extending 3-20 miles into 
the U.S. were to be phased-out between 1995 and 2000. Enactment of this timetable was postponed 
by the U.S. Congress in 1995. The U.S. alleged that the inability of Mexico’s regulation regime to 
adequately ensure the safety of its commercial drivers and carriers would pose a safety risk to the 
U.S. public. 
 
Consequently, the moratorium on long-haul trucking across the U.S.-Mexico border was upheld. 
This situation has persisted for the past decade due to ongoing litigation and disputes regarding the 
safety of trucks from Mexico, emissions, and inspections. Driver-related concerns included 
inadequate training for the safe operation of trucks from Mexico on U.S. roads, the undercutting 
of U.S. driver wages, long operating hours, proficiency in English, and the ability to maintain 
adequate records, such as logbooks. Equipment concerns were related to truck maintenance, the 
impact of overloaded trucks on U.S. roads, and the age of trucks and associated emissions 
impacts. 
 
In a unanimous ruling on June 8, 2004, the Supreme Court found in Department of 
Transportation et al. v. Public Citizen et al. that the USDOT lacks the authority to ban trucks 
from Mexico and cannot override President Bush’s decision under NAFTA to lift a long-
standing moratorium on their access. As a result, the USDOT is not required to study the trucks’ 
impact on U.S. air quality, as environmentalists and a host of allied states had argued. 
 
In recent years, many of the issues that prevented implementation of the NAFTA trucking 
provisions have been addressed. One outstanding hurdle is the establishment of an agreement  
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between the U.S. and Mexico with respect to U.S. motor carrier safety inspections to be conducted 
inside Mexico. 
 
1.6 El Paso-Ciudad Juárez Commercial Traffic Characteristics 
The majority of freight shipped through the El Paso-Ciudad Juárez port-of-entry system is 
maquiladora trade. This arrangement has evolved into a system of transfer stations, distribution 
centers and warehouses on the U.S. side of the border and manufacturing plants in Mexico. Most 
maquiladora assembly plants are located in the southeast portion of the El Paso-Ciudad Juárez 
metropolitan area. 
 
Bridge of the Americas (BOTA) 
The BOTA facility is located in the center of the El Paso-Ciudad Juárez metropolitan area. The 
bridge is used for truck and passenger vehicle movements and includes two separate structures, 
one for northbound traffic and one for southbound traffic. Truck traffic is accommodated by two 
dedicated outside lanes on each bridge structure. Local transportation companies funded the 
construction of a replacement bridge capable of handling commercial traffic in 1998; and no tolls 
are collected at this commercial crossing. 
 
The BOTA operates from 6 a.m. to 6 p.m. Monday through Friday and from 6 a.m. to 2 p.m. on 
Saturdays. Empty truck traffic prefers using this free bridge to avoid paying the toll at the 
Zaragoza Bridge. On October 27, 2003 one of BOTA’s two northbound lanes was converted to a 
designated FAST lane. Approximately 15% of the total northbound truck volume at this crossing 
is now expedited across the border through this lane. Figure 3 shows a schematic diagram of the 
BOTA. 
 

Figure 3. Border Crossing Schematic at the Bridge of the Americas. 
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The average weekly northbound volume of commercial traffic at BOTA was 6,976 trucks for the 
first three months of 2004, with empty trucks representing 58% of the total as shown in Figure 4 
(4). 
 

Figure 4. BOTA Northbound Weekly Commercial Traffic Volume. 
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Figure 5. BOTA Northbound Commercial Crossings by Time-of-Day for 2/19/2004. 
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is comprised of two separate structures, one for commercial traffic and the other for passenger 
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Figure 6 shows a schematic diagram of the border crossing at the Zaragoza Bridge. 
 

Figure 6. Border Crossing Schematic at Zaragoza Bridge. 
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FAST processing was fully implemented at the Zaragoza Bridge on August 16, 2004 and one of 
the northbound truck lanes. The average total weekly northbound traffic volume at Zaragoza was 
approximately 6,200 trucks for the first eight weeks of 2004 (4). Unlike the free bridge at BOTA, 
the tolled Zaragoza crossing is used predominantly by trucks that are laden with cargo. For the 
eight weeks of data analyzed, 72% of northbound commercial movements passing through 
Zaragoza were loaded (see Figure 7). 

Figure 7. Zaragoza Northbound Weekly Commercial Traffic Volume. 
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The average weekday volume of northbound traffic at Zaragoza was 1,157 trucks, with Mondays 
being slightly lighter than the other weekdays. Laden trucks comprise the majority of traffic at 
this port of entry, except for the 8 a.m. to 9 a.m. period when a large number of empty vehicles 
cross into the U.S. Peak northbound demand at Zaragoza occurs around 10 a.m., with additional 
afternoon peaks occurring at 5 p.m. and 7 p.m. Figure 8 presents a typical weekday traffic 
distribution for northbound trucks at the Zaragoza facility. At this port of entry, queues form 
around 5 p.m. and continue until 9 p.m. or 10 p.m. This port has six primary inspection booths, 
and not all of them are staffed during the hours of service. Varying traffic demand during the 
course of the day dictates the number of booths that are in operation. From observation of 
commercial operations at Zaragoza, it appears that port capacity is reached at approximately 90 
trucks per hour. 
 

Figure 8. Zaragoza Northbound Commercial Crossings by Time-of-Day for 2/19/2004. 
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Combined Zaragoza and BOTA Traffic Characteristics 
Overall northbound truck traffic at both commercial crossings peaks between 10 a.m. and noon. 
During the early hours of the day, empty trucks cross northbound through BOTA to pick up 
loads for maquiladora assembly plants. Even before BOTA closes for operation, some traffic 
voluntarily diverts to Zaragoza, causing a period of high demand at around 5 p.m. Around 7 
p.m., loaded vehicles create another period of high demand at the Zaragoza facility. These 
afternoon peaks result from shipments that leave Mexico’s maquiladora plants at the end of the 
second manufacturing production shift. Figure 9 presents a comparison between BOTA and 
Zaragoza northbound commercial traffic flows for February 19, 2004. 
 
Although the Zaragoza commercial crossing offers longer hours of operation, BOTA processes 
more trucks per day. This is due to the absence of a toll at BOTA (compared to the $10 toll at 
Zaragoza) and the higher number of empty trucks, which are processed faster than the laden 
vehicles. 
 

Figure 9. Zaragoza and BOTA Northbound Commercial Traffic for 2/19/2004. 
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2. Approach 
 
As mentioned earlier, the study is comprised of three major parts—border crossing fleet profile, 
border crossing travel profile, and border crossing emissions profile. These aspects will be 
described in more detail below: 
 
2.1 Border Crossing Fleet Profile 
The focus of this study was on heavy-duty diesel tractor-trailer trucks. The following information 
was obtained for the border crossing fleet profile: 
 

• total number of heavy-duty diesel tractor-trailer trucks typically crossing the two border 
locations by time-of-day (northbound and southbound); 

• model year distribution of trucks from Mexico crossing the border at the two border 
locations studied; 

• engine sizes and manufacturers of trucks from Mexico crossing the border; and 
• fleet owners of trucks from Mexico crossing the border. 
 

The study team performed counts and interviews at the two bridges during May 2005 and 
obtained additional information through the following sources: 
 

• Mexican Trucking Association (CANACAR); 
• Mexican Department of Transportation (SCT); 
• Federal Motor Carrier Safety Administration (FMCSA); 
• Texas Department of Public Safety (DPS); and 
• Mexican trucking companies. 

 
Students from the Universidad Autonoma de Ciudad Juarez (UACJ) were stationed on the 
Mexican side of the border, at the entrance of the Mexican Export Lot from May 3 through May 
6, 2005 covering the hours of operation of both bridges. This information was collected for the 
majority of the trucks that crossed from Mexico into the U.S. through the two bridges. 
 
The information that was collected in the field was analyzed and processed after extensive 
cleaning for typographical errors and formatting. With the processed information, the research 
team approached the Mexican Transportation Ministry (SCT) and the local Trucking Association 
to obtain vehicle type and model year, based on the license plate number. SCT provided a file 
with data on more than 2,000 vehicles in its database. The information included license plate, 
make, model, VIN, and carrier. After analyzing and cleaning the information presented by SCT it 
was found that a substantial number of vehicles that were captured in the survey were not 
included in this database. This is because the information captured by SCT is at the regional 
level and includes vehicles registered at the federal level and not in the state of Chihuahua or any 
other Mexican state. The research team contacted each carrier that was identified in the survey, 
requesting information on the vehicle make, model, and year. 
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2.2 Border Crossing Travel Profile 
The travel profile for trucks crossing the border will help determine the drive cycle patterns from 
which aspects such as queuing and idling can be inferred. Specifically, the border crossing travel 
profile refers to time and space information of the trucks as they travel through the border 
locations. 
 
Global positioning system (GPS) equipment installed on board the commercial vehicles was used 
to take sample profiles in September 2004 and June 2005. The GPS equipment was installed in 
Mexico at the carrier yard and was uninstalled in El Paso once the truck finished all inspections. 
The GPS equipment that was used provides coordinate information on a second-by-second basis. 
Northbound truck drive cycles were recorded at the BOTA and Zaragoza crossings. 
 
2.3 Border Crossing Emissions Profile 
Portable Emissions Measurement System (PEMS) 
The PEMS unit used in this study was the OEM-2100 “Montana” system manufactured by Clean 
Air Technologies International, Inc. The OEM-2100 system is comprised of a gas analyzer, a 
particulate matter (PM) measurement system, an engine diagnostic scanner, a global positioning 
system (GPS), and an on-board computer. The gas analyzer measures the volume percentage of 
nitrogen oxide (NO) (which is converted to a measurement of oxides of nitrogen [NOx]), 
hydrocarbons (HC), carbon monoxide (CO), carbon dioxide (CO2), and oxygen (O2) in the 
vehicle exhaust. The PM measurement capability includes a laser light scattering detector and a 
sample conditioning system. The engine scanner is connected to the data link of electronically 
controlled vehicles, from which engine and vehicle data can be downloaded during vehicle 
operation (5). Intake airflow, exhaust flow, and mass emissions are estimated using a method 
reported by Vojtisek-Lom and Cobb (6). 
 
The CATI equipment has over the years shown great conformity with laboratory tests for 
pollutants such as CO and NOx. Fine particulate matter, PM2.5, is also a critical ambient air 
pollutant in the border region. The measurement of diesel PM is challenging and most portable 
emissions measurement devices do not measure PM. The laser light scattering technique used by 
the CATI system can never be fully comparable to a filter-based method used by the U.S. 
Environmental Protection Agency (EPA) to certify engines; however, it can be a valuable tool 
for comparative emissions rates once a correlation to gravimetric methods is established. 
Therefore, the research team proposes to establish the PM emissions correlation to the CATI 
measurement as well as characterizing the PM emissions of several heavy-duty diesel trucks 
from Mexico. 
 
Tapered Element Oscillating Micro-balance (TEOM) and Gravimetric Filters 
The Department of Energy’s Oak Ridge National Laboratory (ORNL) is uniquely well-qualified 
to establish a baseline correlation between CATI particulate measurements and more 
conventional gravimetric measurement. At the Fuels, Engines, and Emissions Research Center 
(FEERC), a wide array of particulate characterization equipment is in use for studies on 
advanced, high-efficiency engines. ORNL partnered with TTI on this project to produce the 
baseline PM measurements. 
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ORNL provided a partial flow dilution tunnel, a Rupprecht and Patashnick Model 1105 TEOM 
gravimetric filter equipment and assorted sampling pumps. In addition to PM, aldehydes and 
ketones were also sampled. (Previous work has shown that extended idling can result in high 
formaldehyde emissions). 
 
Overall Approach 
A PEMS unit was placed at a stationary location to collect truck idling information in 
conjunction with the equipment provided by the Oak Ridge National Laboratory. A manageable 
sample of trucks were tested based on make, model year, and engine size as determined through 
the fleet profile step. Emissions data were collected under various modes of idling—high RPM, 
low RPM, air conditioning on, air conditioning off, and snaps (instances of full throttle engine 
thrusts). 
 
In addition, PEMS units were deployed to obtain the emissions for trucks from Mexico traveling 
across the border at the study locations. PEMS units were installed on trucks on the Mexican side 
of the border and then removed on the U.S. side of the border. This activity required extensive 
coordination with various organizations as described in a later section. 
 
2.4 Testing Site 
The research team needed a testing location that would allow them to perform the idling tests in 
the most convenient and effective way. This location had to comply with the following criteria: 
 

• conveniently located close to one of the two border bridges; 
• roofed area that would provide shade and some cooling with enough ventilation; 
• place where a temporary office could be installed; 
• security that would help in protecting the expensive testing equipment; 
• pavement to avoid dust being created by trucks entering and exiting; and 
• sufficient electrical power (115V/20 amp) circuits. 

 
The El Paso County Coliseum was identified as a location that complied with all the above-
mentioned criteria. It is located on the U.S. side very close the BOTA border crossing. It has a 
large paved area and a roof that is tall enough so that trucks could pull in underneath the roof to 
prevent the trucks and the drivers from getting overly hot from the stationary idling. It is totally 
open on all sides so that there is ample ventilation. In addition, there was adequate electrical 
power and the Coliseum has a maintenance shop with two maintenance employees that could 
help with incidental small repairs. Figure 10 shows a photograph of a truck being tested at the 
Coliseum site. The figure also shows the portable office, roof, and pavement. 
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Figure 10. Photograph of Coliseum Testing Site. 
 
 
2.5 Coordination 
To perform a field test of this magnitude and complexity required extensive coordination with 
multiple stakeholders. The research team organized and conducted coordination meetings in 
September 2004, March 2005, and June 2005. The purpose of these meetings was to explain the 
project, obtain buy-in, and arrange for stakeholder participation. Appendix A contains notes from 
the series of meetings held in March 2005. The key stakeholders of this project included: 
 

• motor carriers; 
• Mexican customs; 
• U.S. Customs and Border Protection (CBP); and 
• Texas Department of Public Safety (DPS). 

 
Motor carriers played an important role in providing information to create the tractor database, 
and to provide trucks for emissions testing. It was found that all the drayage trucks operating at 
the two bridges are operated by Mexican companies. 
 
Mexican customs assistance was obtained to temporarily import the PEMS equipment so it could 
be installed in Ciudad Juarez and crossed into the U.S. without flagging any additional 
inspections or delays. The temporary import permit was obtained with assistance from the 
SEMARNAT (Secretary of Environment and Natural Resources), Ciudad Juarez office. 
 
Texas DPS officers operate the safety inspection facilities that are located near or adjacent to the 
CBP compound. DPS agreed to provide space for trucks to be parked while the research team 
uninstalled the PEMS equipment, once the truck passed through all the possible inspections. 
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2.6 Testing Plan 
The Texas Transportation Institute (TTI) led the testing effort. Participating organizations were 
Clear Air Technologies, Inc. (CATI) and the Department of Energy’s Oak Ridge National 
Laboratory (ORNL), members from Region 6 of EPA, and the participating trucking companies. 
Three teams were formed to perform the testing. The following is a description of the role of the 
teams whereas Figure 11 shows a graphical representation. 
 

• Team 1 was located at the Coliseum and was responsible for installing PEMS, TEOM, 
and gravimetric equipment and collecting idling data. 

• Team 2 was responsible for uninstalling PEMS equipment at the DPS location at the 
Zaragoza Bridge or at the Coliseum, depending on the truck route. 

• Team 3 was responsible for installing PEMS equipment at the yards of the trucking 
companies in Ciudad Juárez. 

 

Figure 11. Set-up of Data Collection Teams. 
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3. Results 
 
3.1 Border Crossing Fleet Profile 
As mentioned previously, the border crossing fleet profile was developed based on surveys 
performed in May 2005. Appendix B contains a full set of the fleet data collected for this project. 
Figure 12 shows the total number of northbound crossings (Tuesday to Friday) that were 
captured in the survey at both international bridges. It was found that 62% of the vehicles that 
crossed both bridges on May 4 circulated through the Zaragoza Bridge. 
 

Figure 12. Survey Results Northbound Crossings. 
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Vehicle Classification 
There are several vehicle classifications used in practice. For example, EPA’s MOBILE6 
emissions model has 28 vehicle classes and the Texas Department of Transportation (TxDOT) 
uses 12 vehicle classes. The classification used for this study is based on the Federal Highway 
Administration (FHWA) classification, of which an excerpt is shown in Figure 13. Vehicle 
classification information was captured for 98% of the vehicles that crossed on May 4 using both 
international bridges. From the vehicles from which classification information was obtained, 
89% were observed to be Class 8 trucks and 11% were Class 5 trucks. Both bridges handled 
similar proportions of Class 5 and Class 8 trucks during the typical sample day. Figure 14 shows 
the proportion of commercial vehicles by class and by bridge. 
 

Figure 13. Vehicle Classifications. 
 

Figure 14. Surveyed Vehicle Classification Proportion. 
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Carriers 
Over 200 different carriers were detected during the survey, however, only 16 made up 50% of 
the total trips during a representative day. Table 1 shows the top 16 carriers or companies and 
proportion of the total trips for Class 8 vehicles. 
 

Table 1. Principal Carriers. 

Company Proportion 

1 Stil 8.52% 

2 Aguila 6.57% 

3 Sotelo 5.14% 

4 Lyrma 4.75% 

5 Transportes Norte De 
Chihuahua 3.84% 

6 Transportes Paso Del Norte 3.25% 

7 Transervicios 2.93% 

8 Silt 2.73% 

9 Torres 2.67% 

10 Transportes De Maquila 1.76% 

11 Desierto Norte 1.43% 

12 Kemsa 1.43% 

13 Rio Grande 1.43% 

14 Express Tres Fronteras 1.37% 

15 Vargas 1.37% 

16 Delfines 1.04% 

Total 50% 
 
 
Vehicle Model Year Distribution 
As mentioned earlier, commercial vehicles crossing in the El Paso-Ciudad Juarez area are 
primarily maquiladora traffic. Very few long-haul tractors are used at the two border crossings, 
except for those that travel to and from Chihuahua City, which is close enough to allow the truck 
to make a day trip. This peculiar traffic characteristic shows that the same tractors are the ones 
that are used on a daily basis. Using the information for the typical day, the research team 
developed a histogram of Class 8 vehicles by model year (Figure 15). The analysis of the model 
year information shows that 25 different model years represent the total fleet composition. From 
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these 25, three (1993, 1995 and 1996) represent one third of the total fleet, and 10 model years 
spanning from 1991 to 2002 represent almost three quarters of the total fleet spectrum. It may 
also be noticed that 20% of the fleet is 1990 or older (more than 15 years old). 

Figure 15. Class 8 Surveyed Fleet Proportion by Model Year. 
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3.2 Border Crossing Travel Profile 
Traffic Demand 
Because the BOTA border crossing is a non-toll bridge that opens earlier than the Zaragoza toll 
bridge, the BOTA port of entry is used to relocate transportation equipment, and most of the 
traffic between 6:30 a.m. and 8:30 a.m. is comprised of empty and bobtail tractors that cross 
from Mexico into the U.S. to pickup loads. Around 2:30 p.m., loaded traffic demand increases 
and it continues at a high level until just before the closure of the bridge at 5:30 p.m. Figure 16 
shows the BOTA survey results on an hourly basis for May 4, 2005. 
 

Figure 16. BOTA Surveyed Hourly Crossings 5/4/2005. 
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The Zaragoza international crossing presents a period of high demand from the opening hour at 
8:00 a.m. until around 11:00 a.m. Demand is relatively steady during the day except for a period 
between 6:00 p.m. and 8:00 p.m. when demand increases. This early evening demand is mainly 
comprised of loaded vehicles that move northbound cargo from maquiladora plants that ship the 
production from the morning shift. Demand at this POE starts to decline around 8:00 p.m. Figure 
17 presents the hourly surveyed northbound crossing data for the Zaragoza bridge for May 4, 
2005. 

Figure 17. Zaragoza Surveyed Hourly Crossings 5/42005. 
 
 
Drive Cycles 
An important element of this research was the collection of real-world travel information during 
the northbound commercial crossing processes. Detailed drive-cycle information for the 
commercial crossings has not been reported in the past and it is of great importance for emissions 
estimation (7). Global Position System (GPS) technology was used to collect drive-cycle 
information at both BOTA and Zaragoza bridges. The drive cycle information include travel 
times, idle, creep idle, acceleration, and deceleration data. Ten northbound drive-cycles were 
collected at BOTA and seven at Zaragoza. Appendix C presents second by second graphs of 
distance versus speed plots and time versus distance plots for each of the drive-cycles. 
 
Drive Cycle Sections 
In order to effectively analyze the drive-cycles, each drive-cycle was divided into distinct 
sections. For both BOTA and Zaragoza bridges, the first part of the drive-cycle includes the 
section from the entrance to the Mexican Customs compound to the U.S. primary inspection 
booth. This section includes the international crossing and it should be noted that trucks travel 
the same distance in this section. 
 
The second part of the drive-cycle includes the truck movements within the U.S. federal 
compound, from the primary inspection booth to the exit booth. Drive-cycles in this part of the 
international crossing could vary significantly from trip to trip. For example, a FAST truck could 

0

20

40

60

80

100

120

8:00-
9:00

9:00-
10:00

10:00-
11:00

11:00-
12:00

12:00-
13:00

13:00-
14:00

14:00-
15:00

15:00-
16:00

16:00-
17:00

17:00-
18:00

18:00-
19:00

19:00-
20:00

20:00-
21:00

21:00-
22:00

22:00-
23:00

Period of Day (hours)

Tr
uc

ks



25 

be sent directly to the exit booth after being cleared at the primary inspection booth, while a 
loaded truck could be required to stop at the x-ray inspection or be sent for physical inspection. 
 
The third section of the drive-cycle stretches from the exit booth of the U.S. federal compound to 
the exit of the state Safety Inspection Facility (SIF). Information for this third section of the 
drive-cycle was only collected for the BOTA crossing, in which the SIF is adjacent to the U.S. 
federal compound. At the Zaragoza crossing, the SIF is located across the freeway and was not 
included in the comparison. At the BOTA SIF, trucks could be sent for a secondary inspection or 
to the exit after a primary inspection, therefore, distances could vary accordingly. 
 
Figures 18 and 19 present the sections in each of the international crossings. The section brake 
points are marked with an X and each section is shown with a different color. 
 

Figure 18. BOTA Drive-cycle Sections. 
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Figure 19. Zaragoza Drive-Cycle Sections. 
 
 
Travel Times 
Table 2 presents a summary of the drive-cycles that were collected for the BOTA and Zaragoza 
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Table 2. Drive-Cycle Travel Times. 

BOTA Travel Time per Section 
(hh:mm:ss) 

Sample # 

Date Initial 
Time 

1 2 3 

Total 
Crossing 

Time 
Shipment Type 

1 10/26/2004 2:23 p.m. 0:12:54 0:32:16 1:13:38 1:58:48 STIL, Non-FAST, Loaded Stopped 
at DPS Inspection 

2 10/27/2004 10:36 a.m. 0:05:53 0:10:13 0:02:04 0:18:10 STIL, FAST, Loaded 

3 10/27/2004 2:32 p.m. 0:04:24 0:12:27 0:03:17 0:20:08 STIL, FAST, Loaded 

4 6/27/2005 4:20 p.m. 0:06:20 0:02:47 0:03:08 0:12:15 Sotelo, FAST, Loaded 

5 6/28/2005 8:34 a.m. 0:03:15 0:27:11 0:04:43 0:35:09 Sotelo, Non-FAST, Bobtail 

6 6/28/2005 12:33 p.m. 0:11:52 0:06:07 0:02:06 0:20:05 Sotelo, FAST, Loaded 

7 6/28/2005 5:42 p.m. 0:14:25 0:03:10 0:04:15 0:21:50 Sotelo, Non-FAST, Bobtail 

8 6/29/2005 7:27 a.m. 0:08:21 0:02:31 0:04:29 0:15:21 Sotelo, FAST, Empty 

9 6/29/2005 10:18 a.m. 0:12:53 0:03:22 0:02:40 0:18:55 Sotelo, FAST, Empty 

10 6/30/2005 8:40 a.m. 0:09:24 0:03:54 0:04:21 0:17:39 Sotelo, FAST, Empty 

Average time   0:08:58 0:10:24 0:10:28 0:29:50   

Average time w/o lengthy stops 0:08:58 0:10:24 0:03:27 0:19:57   

        

Zaragoza Travel Time per Section 
(hh:mm:ss) 

Sample # 

Date Initial 
Time 

1 2 3 

Total 
Crossing 

Time 
Shipment Type 

1 10/26/2004 4:31 p.m. 0:21:28 2:51:39  3:13:07 STIL, Non-FAST, Loaded Stopped 
at US Inspection 

2 10/27/2004 3:25 p.m. 0:11:47 0:36:36  0:48:23 STIL, Non-FAST, Loaded 

3 10/27/2004 7:37 p.m. 0:07:03 0:25:19  0:32:22 STIL, FAST, Loaded 

4 6/25/2005 10:59 a.m. 1:50:39 0:58:47  2:49:26 Sotelo, Non-FAST, Loaded Stopped 
at MX and U.S. Inspection  

5 6/25/2005 12:00 p.m. 0:07:10 0:12:24  0:19:34 Sotelo, non-FAST, Empty  

6 6/27/2005 8:23 a.m. 0:16:00 0:29:20  0:45:20 Sotelo, Non-FAST, Loaded 

7 6/27/2005 8:49 a.m. 0:10:44 0:07:03  0:17:47 Sotelo, FAST, Loaded 

Average time 0:26:24 0:48:44  1:15:08   

Average time w/o lengthy stops 0:12:22 0:22:08  0:32:41   
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Table 2 shows that at BOTA, the average crossing time for the first section of the drive-cycle 
was approximately nine minutes. The shortest travel time in the first section of the trip was 3.25 
minutes for a bobtail truck that crossed during the morning. The longest time at this first section 
of the cycle was 14.5 minutes for a bobtail truck that crossed at the end of the day (5:40 p.m.), 
before that bridge closed at 6:00 p.m. 
 
For the second leg of the cycle at BOTA, the average crossing time for the ten drive-cycles was 
approximately 10 minutes, with the shortest time in this section at less than three minutes and the 
longest at more than 30 minutes. Two of the longest travel times on this section were for non-
FAST trucks at 27 and 32 minutes, respectively. 
 
The third section of the crossing through BOTA, which includes the DPS inspection also 
averaged approximately 10 minutes. The shortest time was two minutes and the longest one hour 
and 13 minutes for a truck that underwent a detailed safety inspection (Sample 1). The average 
crossing time without this particular truck was 3.5 minutes. 
 
As mentioned earlier, at Zaragoza the drive-cycles were divided into two sections, because the 
SIF is not adjacent to the border crossing compound and was therefore excluded. The first 
section of the cycle had an average duration of 26.5 minutes. However, it should be noted that 
this reflects one particular case where one of the trucks was stopped at Mexican Customs for 
almost two hours. The average crossing time without that particular trip was approximately 12.5 
minutes. The shortest crossing time in this initial portion of the trip was approximately 7 minutes 
occurring around noon and the longest was 21.5 minutes occurring around 4:30 p.m. 
 
In the second leg of the cycle (through the U.S. federal compound), two of the seven trucks 
sampled underwent thorough inspections, one was stopped for one hour and the other was 
stopped for almost three hours, resulting in an average duration of 48 minutes. Without these two 
trucks included in the sample, the average crossing time was 22 minutes, with the shortest time 
of seven minutes for a FAST truck in the morning hours (Sample 7) and the longest time 
(without considering the two long inspections) was 36 minutes for a non-FAST truck at 3:30 
p.m. (Sample 2). 
 
The analysis of the crossing times by section for the seventeen drive-cycles that were collected 
provides important information. For example, the travel time during the first section of the trip at 
BOTA and at Zaragoza depends on the level of traffic and associated congestion levels, while the 
time at the second and third sections of the trip depend on whether inspections are required or 
whether the truck is on a FAST or non-FAST trip. 
 
Idling and Creep Idling times 
Table 3 presents the percentage of idling and creep idling that occurred during the border 
crossing for each section of the trip. Idling occurs when the vehicle is at a total standstill whereas 
creep idling occurs when the vehicle is moving at a speed less than 5 mph and has an 
acceleration or deceleration less than 0.5 mph/sec. This threshold for creep idling seemed to be 
an appropriate divider between trucks involved in creep idling and actually driving. 
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Table 3. Idling and Creep Idling Proportion. 

BOTA Zaragoza 
Sample #

1 2 3 1 2 3 

1 77% 85% 96% 76% 98% - 

2 39% 61% 44% 63% 82% - 

3 19% 72% 39% 18% 84% - 

4 34% 44% 38% 99% 96% - 

5 28% 85% 65% 31% 82% - 

6 71% 91% 7% 63% 91% - 

7 70% 55% 33% 45% 64% - 

8 55% 65% 43% - - - 

9 76% 74% 0% - - - 

10 66% 81% 63% - - - 

Average 54% 71% 43% 56% 85% - 
 
 
It was found that at BOTA the average time proportion for idle or creep idle was 54% for Section 
1, 71% for Section 2, and 43% for Section 3. In Section 1, which covers the entrance to the 
Mexican federal compound to the U.S. primary inspection booth and includes the actual border 
crossing, four of the 10 samples were idling or creep idling for more than 75% of the time. These 
four trips were made during times of the day when the crossing was congested. The lowest 
proportion of idling and creep idling in this section was 19% for Sample 3 that corresponds to a 
FAST truck that traveled at an average speed of 7.8 mph on that section. 
 
Section 2 at BOTA has a higher average percentage of idling and creep idling than Section 1 at 
71%. Section 2 includes travel within the U.S. federal compound that requires trucks to move at 
slow speeds and stop at gates and inspection facilities. There were six of the 10 samples in this 
section that had a 75% or higher percentage idling and creep idling time. 
 
Section 3 at BOTA comprises of the state safety inspection process. For this section the average 
proportion of idling and creep idling time was 43%, with one sample that had no idle or creep 
idle and another one that had only 7% of idle and creep idle time. Sample 1 was idling or creep 
idling for 96% of the time, which implies that this vehicle was stopped for detailed inspection. 
 
At Zaragoza the proportion of idling and creep idling for Section 1 was found to be 56%, which 
is similar to that at BOTA for the same section. The lowest percentage was observed for Sample 
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5, which idled or creep idled for 51% of the time. This was an empty truck traveling around 
noon. 
 
For the second portion of the trip that includes traveling through the U.S. federal compound. 
Two trucks had idling and creep idling proportions of more than 95% and the average idling and 
creep idling proportion was 85%. This high percentage was due to inspections occurring in this 
section of the cycle. 
 
The analysis of the creep idling and idling times leads to the conclusion that Section 1 of the 
northbound trip that includes travel trough Mexican Customs and the actual bridge crossing, 
result in approximately 50% of the time that trucks idle or move at a very low speed. In the 
second portion of the trip (Section 2) on average more than 75% of the trip is spent idling or 
creep idling due to low speeds as a result of congestion and various inspections. Section 3 
involves the state safety inspection process, which resulted in just over 40% of creep idling and 
idling occurring at BOTA. 
 
Table 4 shows a summary of the travel times, idling, and creep idling percentages for the two 
bridges. The travel times are estimated by allocating probabilities to the extremely long travel 
times observed during the surveys. It may be seen that the average percentage idling and creep 
idling for both bridges are above 60%. In addition, the travel time for Zaragoza is more than that 
for BOTA. This can be ascribed to the fact that Zaragoza has higher percentage idling and creep 
idling than the BOTA bridge. 
 

Table 4. Summary of Travel Time, Idling and, Creep Idling. 

BOTA Zaragoza 
Section Travel Time 

(min) 
% Normal 

Idle 
% Creep 

Idle 
Travel Time 

(min) 
% Normal 

Idle 
% Creep 

Idle 
1 8.5 41% 18% 11.1 36% 13% 

2 8.2 62% 13% 23.0 75% 8% 

3 4.2 13% 29% - - - 

Total 21.0 45% 18% 34.2 63% 9% 
 
 
Acceleration/Deceleration by Section 
Table 5 shows the number of acceleration and decelerations occurring in the various sections. 
The drive-cycle information was used to calculate the number of times that the truck accelerated 
and decelerated during each section of the northbound trip. Acceleration and deceleration were 
defined as an acceleration or deceleration rate averaging at least 0.5 mph/sec for five seconds. 
This is based on a visual analysis of the speed profiles and the fact that the maximum 
acceleration for a Class 8 truck from 0 to 30 mph is 1 mph/sec (8). Accelerations and 
decelerations are important components of drive cycles because they are generally associated 
with high emission rates. 
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Table 5. Acceleration/Decelerations per Section. 

BOTA Zaragoza Sample # 
1 2 3 1 2 3 

1 3/2 3/3 2/2 5/5 4/3 - 

2 3/3 5/5 2/1 3/3 6/6 - 

3 2/2 2/2 1/1 6/5 5/5 - 

4 3/3 3/3 2/1 5/5 4/4 - 

5 3/3 3/3 1/1 4/4 2/2 - 

6 4/4 2/1 1/1 3/4 3/3 - 

7 3/3 1/1 2/2 5/5 4/3 - 

8 3/3 2/2 2/3 - - - 

9 3/3 2/2 3/3 - - - 

10 3/4 3/3 1/2 - - - 

Average 3/4 2.6/2.5 1.7/1.7 4.4/4.4 4/3.7 - 
 
 
Table 5 shows that the number of accelerations/decelerations at the BOTA averaged 3/4 in 
Section 1, 2.6/2.5 in Section 2 and 1.7/1.7 in Section 3. This implies that in Section 1, vehicles 
are subjected to more accelerations and decelerations than in the other sections. In Section 2 one 
truck had only one event of acceleration and deceleration (Sample 7). This bobtail truck only 
required to stop once within the federal compound. The number of events in Section 3 is the 
lowest. This is a result of the inspection process at the SIF in which trucks that are empty or 
bobtailing with no apparent safety issues are required to stop only once at the primary inspection 
booth and are then allowed to leave the compound. 
 
At Zaragoza, the number of acceleration/deceleration events was higher than the ones 
encountered at BOTA. In Section 1 the average was 4.4/4.4 and Section 2 it was 4/3.7, with 
some crossings experiencing as much as six events in Sections 1 and 2. 
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3.3 Border Crossing Emissions Profile 
Idling 
The main focus of the emissions data collection was on idling because it is anticipated that this is 
the mode that can most effectively be addressed with possible emissions reduction strategies. 
The idling data was collected for nine trucks using the following five test modes. 
 

• Air Conditioning Off – Low Idle (600-700 rpm) 
• Air Conditioning Off – High Idle (~1000 rpm) 
• Air Conditioning On – Low Idle (600-700 rpm) 
• Air Conditioning On – High Idle (~1000 rpm) 
• Snap idle test 
 

The first four tests were performed for at least a 15-minute period. The snap idle tests consisted 
of five consecutive ramps to full throttle from the idle position for a period of five seconds each. 
 
Table 6 shows engine data for each of the nine trucks tested for idling. The table shows that the 
ages of the trucks range from 1985 to 1998, covering the bulk of the ages identified during the 
survey shown in Figure 15. Also, note that the miles accumulated are not necessarily in relation 
to the age of the trucks, indicating that rebuilding of engines might have occurred. This sample 
of trucks is not intended to be a statistically significant sample, instead it provides a good 
indication of the emissions impact of trucks crossing the border. 
 

Table 6. Trucks Tested for Idling Emissions. 

Truck 
No. Year Vehicle 

Make Engine Model 
Engine 

Displacement 
(L) 

Miles 
Accumulated 

1 1998 International Cummins M11-370E 10.82 712,590 

2 1989 International Cummins 350 14.00 1,720,000 

3 1996 International Cummins 350 BICAM3 14.00 151,848 

4 1987 International Cummins 350 14.00 1,283,536 

5 1985 International Cummins 350 14.00 Unknown 

6 1996 Volvo Cummins M11 10.82 1,118,896 

7 1994 International Detroit Diesel Series 60 12.70 694,878 

8 1992 Unknown Cummins L10 10.02 501,178 

9 1998 Dina Cummins M11 Plus 10.82 1,088,931 

 
 
Table 7 shows the tests that were successfully performed for each truck. The table shows that all 
trucks were tested with their air conditioners off at low idle mode and most of the trucks were 
subjected to the snap tests, whereas the other tests produced usable results in selected cases due 
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to the following factors: 1) the trucks did not have air conditioning or functional air conditioning; 
and 2) the older trucks were not equipped with an idle adjustment to allow idle operation at 
different speeds. In some cases, the driver was able to hold a specified rpm for the duration of the 
test with the accelerator pedal. 
 

Table 7. Tests Performed. 

Truck No. Year A/C Off – 
Low Idle 

A/C On – 
Low Idle 

A/C Off – 
High Idle 

A/C On – 
High Idle Snaps 

1 1998      

2 1989      

3 1996      

4 1987      

5 1985      

6 1996      

7 1994      

8 1992      

9 1998      

 
 
The PEMS equipment was used to collect emissions data for four pollutants — NOx, HC, CO, 
and PM. In the case of NOx, the PEMS equipment actually measures NO and uses a conversion 
factor for converting to NOx. The results for these pollutants will be discussed in more detail in 
the following sections. 
 
NOx Emissions 
Table 8 shows the average mass rate (grams per hour [g/hr]) for NOx for each test. Additionally, 
“A/C Off – Low Idle” is used as the baseline for comparing the other three tests. Table 8 shows 
the percent difference between the baseline test and the three remaining idle tests for each of the 
trucks. The table shows that there is no clear correlation between the age of the trucks and the 
NOx emissions rates. There is also no clear correlation between the miles accumulated and the 
NOx emissions rates. In addition, the NOx rates seem to increase with additional engine load due 
to the use of the air conditioner and higher idling rates. 
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Table 8. NOx Mass Rate (g/hr) and Percent Difference vs. A/C Off – Low Idle. 
Truck 

No. Year A/C Off - Low 
Idle (baseline) 

A/C On - Low 
Idle 

A/C Off - High 
Idle 

A/C On - High 
Idle 

1 1998 46 - - - 

2 1989 20 30 (50%) - - 

3 1996 42 - 78 (84%) - 

4 1987 20 14 (-33%) - 27 (33%) 

5 1985 44 - 78 (77%) - 

6 1996 67 95 (42%) - 114 (70%) 

7 1994 101 149 (48%) 203 (101%) 263 (161%) 

8 1992 62 - 207 (234%) - 

9 1998 53 86 (62%) - 98 (85%) 

Average % Difference vs. baseline 43% 127% 108% 
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Figure 20 shows the accumulated NOx emissions for the various trucks under the various idling 
modes. Note that EPA’s current guidance on extended idling emissions for Class 8 trucks is 135 
g/hr (9). Figure 20 shows that the EPA recommended 135 g/hr is only exceeded by Trucks 7 and 
8 and mostly in the high-idle mode. In addition, the range of NOx emissions shown in Figure 20 
are also in line (even slightly lower) than results of previous studies that showed a range of 50 to 
350 g/hr for more than 40 trucks that were tested under various idling modes (10, 11). 
 

Figure 20. NOx Simulated 1-hour Mass Accumulation (g). 
 
 

0

50

100

150

200

250

300

Truck 1 Truck 2 Truck 3 Truck 4 Truck 5 Truck 6 Truck 7 Truck 8 Truck 9

M
as

s 
[g

] A/C Off - Low Idle
A/C On - Low Idle
A/C Off - High Idle
A/C On - High Idle



36 

Figure 21 shows the NOx emissions results for the various snap tests. The data is shown for a 
five-second period for eight of the nine trucks. The figure shows that there is consistency in 
emissions between individual snaps for the specific trucks. Truck 7, which had the highest idling 
emissions, had the highest snap emissions. Note that the snap NOx emissions range from 
approximately 100 to 660 g/hr. 
 

Figure 21. NOx Snap Tests. 
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HC Emissions 
Table 9 shows the average mass rate (g/hr) for HC for each test. This table shows that the truck 
with the highest miles accumulated (Truck 2) produced the highest HC emissions. This table also 
shows that the HC rates do not show any clear patterns between the different modes of idling. 
 

Table 9. HC Mass Rate (g/hr) and Percent Difference vs. A/C Off – Low Idle. 
Truck 

No. Year A/C Off - Low 
Idle (baseline) 

A/C On - Low 
Idle 

A/C Off - High 
Idle 

A/C On - High 
Idle 

1 1998 5 - - - 

2 1989 42 30 (-28%) - - 

3 1996 27 - 20 (-25%) - 

4 1987 22 2 (-92%) - 5 (-77%) 

5 1985 15 - 19 (22%) - 

6 1996 12 5 (-58%) - 12 (0%) 

7 1994 8 5 (-43%) 6 (-29%) 8 (0%) 

8 1992 7 - 8 (14%) - 

9 1998 6 9 (50%) - 8 (33%) 

Average % Difference vs. baseline -44% -8% -31% 
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Figure 22 shows the accumulated HC emissions for the various trucks under the various idling 
modes. 
 

Figure 22. HC Simulated 1-hour Mass Accumulation (g). 
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Figure 23 shows the HC emissions results for the various snap tests. This figure shows that there 
is some consistency in emissions for the specific trucks between individual snaps. Truck 2, 
which had the highest idling emissions, had the highest snap emissions. Also note that the snap 
HC emissions range from approximately 20 to 230 g/hr. 
 

Figure 23. HC Snap Tests. 
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CO Emissions 
Table 10 shows the average mass rate (g/hr) for CO for each test. This table shows that there is 
no clear correlation between the age of the trucks and the CO emissions rates. The table also 
shows that the CO rate tends to increase with the higher engine loads due to the application of 
the air conditioner and higher idling rates. 
 

Table 10. CO Mass Rate (g/hr) and Percent Difference vs. Baseline. 
Truck 

No. Year A/C Off - Low 
Idle (baseline) 

A/C On - Low 
Idle 

A/C Off - High 
Idle 

A/C On - High 
Idle 

1 1998 8 - - - 

2 1989 112 58 (-48%) - - 

3 1996 56 - 59 (6%) - 

4 1987 25 7 (-73%) - 3 (-87%) 

5 1985 25 - 29 (13%) - 

6 1996 13 19 (46%) - 42 (223%) 

7 1994 26 21 (-22%) 58 (122%) 61 (130%) 

8 1992 9 - 21 (133%) - 

9 1998 10 12 (20%) - 23 (130%) 

Average % Difference vs. baseline -38% 44% 73% 
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Figure 24 shows the accumulated CO emissions for the various trucks under the various idling 
modes. 
 

Figure 24. CO Simulated 1-hour Mass Accumulation (g). 
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Figure 25 shows the CO emissions results for the various snap tests. This figure shows that there 
is little consistency in emissions for the specific trucks between individual snaps. Truck 4, the 
second oldest truck and had the second highest miles accumulated, had the highest snap 
emissions, which occurred during the first snap. No clear pattern could be identified during the 
subsequent snaps. Additionally, note that the snap CO emissions show a very wide range. 
 

Figure 25. CO Snap Tests. 
 
 
PM Comparison between PEMS and TEOM 
As mentioned previously, the measurement of diesel PM is challenging and most portable 
emissions measurement devices do not measure PM. To measure the diesel PM, ORNL used a 
microdilution tunnel fed by compressed, HEPA-filtered ambient air, based on a University of 
Minnesota design (12). A TEOM, as well as a 70mm gravimetric filter (Pallflex TX40 media) 
sampler were used to collect PM data. The TEOM data was compared with the PEMS 
measurement to determine if it was possible to relate the optical light scattering measurement to 
concentration. 
 
For the PEMS, the “Percent Full Scale” (FS) value was used. The FS values measured in the 
PEMS uses a method of laser light scattering to estimate the PM in the sample, and ranges from 
0% to 100%. For the TEOM data, an overall concentration for each steady-state point was 
determined. The TEOM data consistently showed a linear increase in mass with time, so a linear 
regression of the accumulated mass versus time was used to calculate an average mass rate for 
each steady-state point. By dividing by the TEOM flow rate and correcting for dilution, an 
average exhaust mass concentration could be calculated. By comparing these values to the 

Snaps - CO Rate [g/hr]

0

1000

2000

3000

4000

5000

6000

7000

R
at

e 
[g

/h
r]

Truck 2
Truck 3
Truck 4
Truck 5
Truck 6
Truck 7
Truck 8
Truck 9

          Snap 1                      Snap 2                         Snap 3                       Snap 4                      Snap 5



43 

optical scattering values from the PEMS, a simple model could be constructed to relate the 
percent of full-scale scattering values to exhaust concentration. If the relationship is strong, it can 
be used to determine mass emissions rates during driving with the PEMS, especially at low 
loads. It was found that the PEMS unit failed to correctly measure FS values for trucks 7, 8, and 
9. This was because the sensor used to measure optical scattering began to fail, and the unit 
began to give a constant FS value, regardless of the truck and testing condition. These trucks 
were removed from the correlation test to improve the quality of the model. 
 
The linear regression model applied to these two methods of PM measurement was found to 
indicate a correlation between the two, with an R2 value of approximately 0.8. Figure 26 shows a 
plot of the sampled values and regression line. Equations 1 and 2 show the regression functions. 
 

 FS = 0.1503 [TEOM] (1) 
 

 or 
 

 TEOM = 6.653 [FS] (2) 
 
Where: 
 FS  = Percentage full scale measured with PEMS equipment; and 
 TEOM = PM concentration from the TEOM (mg/m3). 

Figure 26. Plot of Sample PM Measurements. 
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PM Emissions 
Table 11 shows the average mass rate (g/hr) for PM for each test. The mass rate was determined 
by calculating using Equation 1 to convert FS to the TEOM mass rate. This table shows that 
there is no clear correlation between the age of the trucks and the PM emissions rates. The table 
also shows that the PM rate tends to increase with the higher engine loads. 
 

Table 11. PM Mass Rate (g/hr) and Percent Difference vs. Baseline. 

Truck 
No. Year A/C Off - Low 

Idle (baseline) 
A/C On - Low 

Idle 
A/C Off - High 

Idle 
A/C On - High 

Idle 
1 1998 0.66 - - - 

2 1989 1.05 0.83 (-21%) - - 

3 1996 1.21 - 2.33 (93%) - 

4 1987 0.79 0.84 (6%) - 1.27 (61%) 

5 1985 1.65 - 3.33 (102%) - 

6 1996 1.40 1.36 (-3%) - 1.71 (22%) 

Average % Difference vs. baseline -6% 98% 36% 
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Figure 27 shows the accumulated PM emissions for the various trucks under the various idling 
modes. This figure shows that the PM rate ranges from 0.7 to 3.3 g/hr. This rate, based on the 
TEOM, is typically 30% to 40% lower than what could be measured with a pure filter-based 
method. The range is also similar to previous studies such as the DOE-EPA idling study 
performed in Aberdeen, MD that produced a very similar range of values. It can, therefore, be 
concluded that the trucks from Mexico sampled in El Paso do not have higher PM rates than U.S. 
trucks tested in Aberdeen (13). 
 

Figure 27. PM Simulated 1-hour Mass Accumulation (g). 
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Figure 28 shows the PM emissions results for the various snap tests. This figure shows that there 
is little consistency in emissions for the specific trucks between individual snaps. Truck 4, the 
second oldest truck with the second highest miles accumulated, had the highest snap emissions, 
which occurred during its first snap. No clear pattern could be identified during the subsequent 
snaps. Additionally, note that the snap PM emissions ranged from approximately 50 g/hr to more 
than 400 g/hr. 
 

Figure 28. PM Snap Tests. 
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Table 12. Emissions Rates for Idling and Creep Idling. 

Truck Type Idling 
mode 

NOx 
(g/hr) 

HC 
(g/hr) 

CO 
(g/hr) 

PM 
(g/hr) 

Normal 72.29 8.96 19.56 1.06 
HDDV 8 

Creep 105.16 11.04 54.59 1.53 

Normal 54.85 15.05 48.44 0.65 
HDDV 6 

Creep 94.32 12.92 32.44 0.81 
 
 
Table 13 shows the average normal idling and creep idling times as well as the volumes for the 
two bridges during the various travel modes. It should be noted that adjustments were made to 
the travel times of trucks that were selected for secondary inspections. Only about 1% of the 
trucks crossing the two bridges are called for lengthy secondary inspections. Adjustments were, 
therefore, made to the observed travel times to incorporate this proportion. These adjustments are 
shown by asterisks in Table 13.  
 

Table 13. Idling, Creep Idling, and Volumes Per Travel Mode. 
BOTA Zaragoza 

Travel 
Mode Volume 

(veh/day) 

Normal 
idle time 

(min) 

Creep idle 
time (min) 

Volume 
(veh/day) 

Normal 
idle time 

(min) 

Creep idle 
time (min) 

Off-
peak/FAST 90 4.1 4.2 89 7.1 2.3 

Off-
peak/Non-

FAST 
420 16.5 3.7 432 33.9* 5.1 

Peak/ FAST 140 8.5 3.2 141 20.8 1.7 
Peak/Non-

FAST 651 9.5* 5.2 683 11.4* 2.4* 

* These values are adjusted by providing different weights because only 1% of the cases represent extensively long 
crossing times.  
 
 
Table 14 shows the daily, weekly, monthly, and yearly emissions due to idling and creep idling 
for the two bridges. It may be seen in Table 14 that the total emissions for Zaragoza is slightly 
higher than that for BOTA. The reason is because the travel time for Zaragoza is slightly longer. 
In addition, it may be noticed that the annual emissions are not particularly high as compared 
with the total on-road mobile source emissions for the El Paso region (less than 1%). However, it 
should be noted that the approximately 24 tons of NOx and 0.3 tons of PM emissions at the two 
bridges can be significant for an area such as El Paso wanting to stay in attainment for ozone and 
PM. In addition, it should be noted that these emissions are generated in a very small geographic 
area (two border bridges), resulting in high concentrations of pollutant emissions in these areas.  
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Table 14. Total Emissions Due to Idling and Creep Idling. 

BOTA Zaragoza 
Period 

NOx HC CO PM NOx HC CO PM 

Daily (kg/day) 27.2 3.4 10.6 0.4 38.0 5.0 13.6 0.5 

Weekly (kg/week) 190.6 24.1 74.1 2.7 265.7 34.9 95.2 3.8 
Monthly 

(kg/month) 817.0 103.2 317.7 11.6 1138.9 149.4 407.9 16.3 

Yearly (ton/year) 9.9 1.3 3.9 0.1 13.9 1.8 5.0 0.2 
 
 
Crossing Data 
In addition to developing idling emissions rates, the research team also investigated the 
feasibility of collecting truck emissions during actual crossings from Mexico into the U.S. As 
described earlier, several teams were deployed to handle the logistics of this complicated task. 
 
A team was stationed on the Mexican side to install the PEMS and GPS equipment on a truck 
selected from the pre-determined sample. For security reasons members of the study team were 
not given permission by U.S. Customs to accompany the PEMS unit during a trip across the 
border. However, the truck driver was in radio contact with his distribution manager and when 
the truck reached the Mexican Customs the driver would notify the manager about its progress. 
This message would be conveyed to members of the study team who would phone the 
appropriate U.S. Customs official informing him that a truck with a certain description is 
carrying a PEMS unit and is about to enter the U.S. federal compound. After the truck passed 
through all the inspections, another team would meet the truck at either the County Coliseum or 
the DPS facility at Zaragoza bridge (depending whether the truck crossed at BOTA or Zaragoza) 
and take both the PEMS and GPS units off the truck. A member of the team would then transport 
the units back into Mexico to install the units in the next truck. 
 
The study team found that this process was workable, but due to the extremely sensitive nature 
of the fairly new technology, numerous challenges were encountered. PEMS technology in 
general is an emerging science and will experience some growing pains before it can be 
considered fully robust. The fact that no technician was allowed to accompany the equipment 
resulted in several cases where data was lost due to loss of power or other causes. For example, 
the extremely hot temperature in El Paso during the end of June, 2005 (sometimes in excess of 
105 degrees Fahrenheit) caused the equipment to regularly overheat resulting in data losses. In 
addition, power losses were caused due to the equipment bouncing around.  
 
Regardless, the study team was still able to collect data for five crossings. For illustration 
purposes, Figure 29 shows the NOx emissions and speeds for three crossings at BOTA. These 
plots show that there is some correlation between speed and NOx emissions and that NOx 
emissions rise considerably with an increase in speed. In addition, the plots show that there is a 
clear pattern between the different speed profiles, illustrating the importance of developing 
generic drive cycles that can be used to develop emissions estimation. 
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Figure 29. Speed and NOx Emissions for Three Crossings. 
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4. Conclusions 
 
4.1 Fleet Profiles 
Based on the information that was collected during the study, the following conclusion could be 
drawn from developing a fleet profile of trucks crossing the El Paso-Ciudad Juarez border 
location. 
 
Majority of Trucks Class 8 
From the approximately 1,800 trucks that were surveyed on a typical day crossing from Mexico 
into El Paso at both the BOTA and Zaragoza bridges, 89% were found to Class 8 (tractor-trailer) 
trucks with 11% being the smaller Class 5 trucks.  
 
Fleet Age 
There were 25 different model years (stretching from 1980 to 2005) found during the survey. It 
was found that more than 20% of the vehicles are more than 15 years old. Three quarters of the 
total surveyed fleet includes models from 1991 through 2002. Very few long-haul trucks were 
found in the sample. This is probably due to the long and unreliable crossing times at this border. 
 
Abundance of Small Drayage Carriers  
Over 200 different carriers were detected during the survey, although only 16 make up 50% of 
the total trips. 
 
Crossing Congestion at Peak Periods 
BOTA and Zaragoza bridges have their unique peaking characteristics when severe traffic 
congestion occurs. The non-toll BOTA Bridge is used to relocate empty drayage trucks in the 
early hours of the day, and to cross laden trucks transporting the morning’s production from 
around 2:30 p.m. to approximately 5:30 p.m., when the bridge closes. Zaragoza has two periods 
of high congestions—from the opening hour at 8:00 a.m. until around 11:00 a.m., and between 
6:00 p.m. and 8:00 p.m. 
 
4.2 Travel Profile 
Travel profiles were analyzed by dividing the northbound border crossing process into three 
sections. The first one stretches from the entrance of the Mexican Customs compound to the U.S. 
Customs primary inspection booth. (This section includes the international crossing). The second 
section of the trip is the one that occurs inside the U.S. federal compound and the third section is 
the one that takes the commercial vehicles through the state Safety Inspection Facility. 
 
Relative Crossing Times 
The average crossing time at the Zaragoza Bridge was longer than that for BOTA. During the 
first section of the trip, that includes the crossing from Mexico into the U.S., the crossing time is 
a function of the traffic congestion at the bridge. From the sample, average crossing times at both 
bridges in this first section of the trip were fairly similar (9 and 12 minutes). Crossing through 
the second section of the trip is a function of number of inspections and congestion at inspection 
stations. The average crossing time at BOTA for Section 2 was found to be approximately half of 
that of Zaragoza (12 and 22 minutes, respectively). The average crossing time for Section 3 
(through the safety inspection area) was relatively low (3.5 minutes) for BOTA. 
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Longer Periods of Idle and Creep Idle Inside Federal Compound 
From the drive cycle samples it was found that vehicles idle or creep idle for more than 60% of 
the time during the typical border crossing process (50% in Section 1 and 75% while inside the 
federal compound).  
 
Fairly consistent acceleration and decelerations  
The drive cycles could be analyzed to identify the number of accelerations and decelerations 
during a typical border crossing. It was found that for both BOTA and Zaragoza approximately 
eight acceleration and eight deceleration events were identified during a typical border crossing. 
This information is useful in developing generic drive cycles that can be used for emissions 
estimation. 
 
4.3 Emissions Profiles 
Testing protocol 
Nine trucks were tested ranging from 1985 to 1998 with between 150,000 and more than 1.7 
miles accumulated. The displacement of the engines ranged from 10 liters to 14 liters. These 
trucks were subjected to four different idling modes including five instances of full throttle idling 
over a short period of time. PEMS units were used to test NOx, HC, and CO emissions. For 
measuring PM, both PEMS and TEOM equipment were used. 
 
NOx Emissions 
It was found that there is no clear correlation between the age of the trucks and the NOx 
emissions rates. There is also no clear correlation between the miles accumulated and the NOx 
emissions rates. In addition, the NOx rates seem to increase with additional engine load due to 
the use of the air conditioner and higher idling rates. Only two of the nine trucks had NOx 
emission rates higher than the 135 g/hr guidance by the EPA. The snap NOx emissions ranged 
from approximately 100 to 660 g/hr. 
 
HC emissions 
It was found that the truck with the highest miles accumulated had the highest HC emissions 
rate. In addition, the HC rates do not show any clear patterns between the different modes of 
idling. The snap HC emissions ranged from approximately 20 to 230 g/hr. 
 
CO emissions 
It was found that there is no clear correlation between the age of the trucks and the CO emissions 
rates. The CO rates tend to increase with the higher engine loads due to the application of the air 
conditioner and higher idling rates. The snap CO emissions showed a very wide range.  
 
PM Correlation between PEMS and TEOM 
An average exhaust mass concentration could be calculated using the TEOM and by comparing 
these values to the optical light scattering values from the PEMS, a simple regression model 
could be constructed. The linear regression model applied to these two methods of PM 
measurement was found to indicate a high degree of correlation between the two, with an R2 
value of approximately 0.8. This model could then be used to estimate PM concentrations. 
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PM Emissions 
It was found that there is no clear correlation between the age of the trucks and the PM emissions 
rates. The PM rate tends to increase with the higher engine loads. The PM rate ranges from 0.7 to 
3.3 g/hr, which is inline with the results of other studies performed in the U.S. As in the case 
with NOx, only two trucks exceeded the EPA guidance for PM emissions during long duration 
idling. The snap PM emissions ranged from approximately 50 g/hr to more than 400 g/hr.  
 
Total Idling Emissions 
It was found that approximately 24 tons on NOx and 0.3 tons of PM are produced on an annual 
basis by trucks idling at BOTA and Zaragoza bridges. These emissions are not particularly high 
as compared with the total on-road mobile source emissions for the El Paso region (less than 
1%). However, it should be noted that these emissions can be significant for an area such as El 
Paso wanting to stay in attainment for ozone and PM. In addition, it should be noted that these 
emissions are generated in a very small geographic area (two border bridges), resulting in high 
concentrations of pollutant emissions in these areas.  
 
Emissions During Crossings 
The study team found that it was possible to collect emissions of a truck during actual crossings 
through the U.S.-Mexico border. However, due to the extensive coordination effort and the 
extremely sensitive nature of the fairly new technology, numerous challenges were encountered. 
PEMS technology in general is an emerging technology and will experience some growing pains 
before it can be considered fully robust. Regardless, the study team was still able to collect 
emissions data for five crossings. 
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5. Recommendations 
 
The research team developed and applied a methodology to estimate truck idling emissions at the 
El Paso-Juarez border locations. This research is a first step in developing a Border Crossing 
Emissions Measurement Model (BCEMM). The model would be useful in determining and 
forecasting commercial vehicle emissions at land border crossings. The model would consist of 
three main components: 
 

1. Fleet Characteristics; 
2. Travel Profiles; and 
3. Emission Rates. 

 
The first two modules of the BCEMM are crossing specific, while the emissions rates could be 
developed for a series of commercial vehicles operating under various characteristics. The 
recommended strategy to develop the three modules of the BCEMM includes the following. 
 
Fleet Characteristics 
It was found from the research that the fleet information is challenging to obtain and to maintain. 
However, various federal and state agencies that operate at the border collect commercial vehicle 
information. The proposed approach in developing the Fleet Characteristics module of the 
BCEMM is to work closely with these agencies to develop a database of drayage vehicles that 
cross regularly from Mexico into the U.S. For example, CBP has information on trucks that are 
registered with the FAST program. The DPS also collects truck information for safety purposes 
and is developing a program similar to CBP’s FAST to expedite the crossing of certified 
vehicles. Working with these U.S. agencies and their Mexican counterparts, a detailed database 
that includes all relevant vehicle information could be developed and maintained as part of the 
model. Once collected and organized, this information would be useful not only for emissions 
estimation but also for transportation planning, traffic safety planning, traffic operations, and 
other applications. 
 
The following is an example of the information required for the Fleet Characteristics module of 
the BCEMM: 
 

• Carrier; 
• license plate; 
• truck classification; 
• US DOT number; 
• TxDOT number; 
• make of truck; 
• model year; 
• fuel type; 
• accumulated miles; 
• whether engine has been retrofitted or replaced; and 
• type of service (long-haul/drayage). 
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Travel Profiles 
Travel patterns (drive cycles) across the border are very dynamic and vary from crossing to 
crossing and from time to time. U.S. and Mexican public and private sector stakeholders 
involved in the international border crossing process are interested in having real-time or close to 
real-time information on border crossing operations. The FHWA is undertaking a Freight 
Performance Measurement (FPM) initiative aimed at measuring travel times at major U.S. land 
border crossings using commercial technologies, such as satellite and global positioning 
technology that would enable border travel and wait times to be measured more accurately. 
 
Working with FHWA and other agencies in Mexico and the U.S., a system could be developed 
to collect travel time and travel profile information at major border crossings on a real time basis. 
With a large enough sample it is possible to develop generic (statistically significant) drive-cycle 
profiles for each crossing. These profiles could be updated regularly as traffic patterns change 
due to new inspection practices, seasonal changes in commodity movements, or other conditions 
that impact the border crossing process. 
 
Emissions Rates 
PEMS was found to be a suitable technology for developing idling emissions rates for Mexican 
drayage trucks. The use of TEOM in conjunction with the PEMS equipment proved invaluable to 
develop a fairly accurate PM estimates. It is proposed to continue using PEMS equipment during 
various idling modes to develop a comprehensive sample of emissions rates for Mexican drayage 
trucks. It is further proposed to perform some baseline measurements involving TEOM to 
develop accurate PM estimates. After an adequate sample of idling emissions rates for drayage 
trucks has been developed, it would be possible to use these rates in conjunction with the fleet 
characteristics and idling rates from the travel profiles to develop accurate idling emissions for 
the U.S.-Mexico border locations. 
 
With regard to the remainder of the border crossing drive cycle, it is proposed to perform the 
tests on either the U.S. or Mexico side at convenient test tracks. PEMS units will be used 
onboard a large sample of trucks to measure emissions during the various components of the 
generic drive cycles. These components include acceleration, deceleration, cruising, and idling. It 
is proposed to use driver-aided software that allows the driver to track, on a laptop computer, a 
pre-determined drive cycle. The key components of the drive cycle—acceleration, deceleration, 
cruising, and idling—will be measured during these tests. These basic building blocks can then 
be extrapolated to represent any of the pre-determined generic drive cycles. 
 
The fleet characteristics, travel profiles, and emissions rates for the components of the drive 
cycles can be combined to calculate the total emissions from trucks crossing the various border 
locations. The model will be sensitive to the time-of-day, day-of-week, as well as seasonal 
differences. In addition, the model will be able to predict changes in emissions due to the 
implementation of various programs such as the implementation of intelligent transportation 
systems, FAST program, congestion pricing, additional lanes, EPA’s Smartway Program, and 
retrofit and replacement programs. 
 
A final phase of the BCEMM would be to repeat the process for light-duty vehicles so that the 
total mobile source emissions can be estimated at border locations. 
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Mexico Truck Emissions at Major Texas Border Locations 
 
 

Meeting 1: Project Participants Meeting 
 
Date: May 03, 2005 
Location: EPA Offices, El Paso 

 
Attendance 
Maria Sisneros  EPA Region 6: El Paso 
Norma Duran   EPA Region 6: El Paso 
Joe Areola   BECC 
Gonzalo Bravo  BECC 
Myriam Cruz   BECC 
Juan Villa   TTI 
Joe Zietsman   TTI 
 
Per telephone: 
Paul Bubbosh   EPA OTAQ: Washington DC 
Barry Feldman  EPA Region 6: Dallas 
John Storey   ORNL 
Sam Lewis   ORNL 
 
Key points from meeting 
 

• EPA Region 6 has finalized the initial contract to expand the sample size of trucks that 
TTI would test and to allocate funds for two planned conferences to follow the 
completion of this project. 

• BECC will work with TTI to ensure that this contract can be executed as soon as 
possible. 

• The extension of the contract (to pay for the PM testing to be performed by ORNL) is 
currently being done. Funding was transferred from OTAQ to Region 6. It is anticipated 
that this contract amendment should move very swiftly and will be completed before the 
scheduled testing. 

• BECC has a copy of the changed of scope and will be ready to execute the contract with 
ORNL once the money is allocated from Region 6. 

• A combined stakeholder meeting is planned for Friday, June 24. This will involve key 
participants in the testing to ensure everybody is “on the same page” with regard to the 
testing. Potential stakeholders include – EPA, TTI, ORNL, TxDOT, US Customs, 
Mexican Customs, DPS, Fleet owners, TCEQ, El Paso MPO, and City of El Paso. TTI 
will work with EPA El Paso and BECC to identify the stakeholders and to setup the 
logistics for this meeting. 

• The actual emission testing will take place from Monday, June 27 to Friday, July 1. 
• It is anticipated that three PEMS units will be used (one for each bridge and one at a 

stationary location working with the PM equipment).  
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• OTAQ will accept the PM measurements performed by the ORNL team.  
• A press release should be sent out to inform the local community and stakeholders about 

the project and the upcoming testing. TTI will draft the press release and work with Barry 
and Paul to have it finalized. 

• TTI is looking for a suitable site on the US side to perform the PM and stationary PEMS 
testing. TTI will work with fleet owners and other stakeholders to identify the facility. 

• TTI has contracted with the University of Juarez to collect truck fleet information at 
BOTA and Zaragoza bridges. This data collection effort is taking place between May 03 
and May 06.  

• Gonzalo Bravo provided TTI with contact names of Mexican stakeholders. He also 
offered to setup meetings with these stakeholders from May 3 to May 6.  

 
Meeting 2: Verify Truck Survey Status with Universidad Autonoma de 
Ciudad Juarez 
 
Date: May 04, 2005 
Location: Bridge of the Americas, Ciudad Juarez 
 
Attendance 
Alma Figueroa Universidad Autonoma de Ciudad Juárez  
Gerardo Tarin Truck Survey project manager  
Juan Villa   TTI 
 
Key points from meeting 
 

• The survey was initiated as originally planned on Tuesday at 6 am at the Bridge of the 
Americas 

• Mexican Customs Port Director did not allowed the surveying students to be inside the 
Mexican Federal Compound, therefore, data is being collected at the point of entrance 
into the Federal Compound. 

• Data regarding model and year is not being collected because drivers do not always have 
that information available or do not know the details. 

• Gerardo Tarin mentioned that the University performed a field study and obtained truck 
age information by range in 1991. TTI will analyze this information. 

• Survey results will be processed and delivered to TTI May 12th, 2005. 
• Alma Figueroa will contact the Mexican Ministry of Transport (SCT) locally to find out 

if truck age information is available. 
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Meeting 3: Meeting with Trucking Firms to Discuss Study Scope and 
Schedule 
 
Date: May 05, 2005 
Location: Embassy Suites Hotel, El Paso  
 
Attendance 
Manuel Sotelo Transportes Sotelo and President of the Ciudad Juarez Trucking 

Association  
Sergio A. Lastra  Free Trade Business Coalition  
Gonzalo Bravo  BECC 
Juan Villa   TTI 
Joe Zietsman   TTI 
 
Key points from meeting 
 

• Mr. Sotelo is working with the SCT to obtain the truck fleet profile information from the 
SCT. He mentioned that the information will be ready by May 6, 2005 

• Mr. Sotelo offered his truck yards in El Paso and Ciudad Juarez to perform the PM tests.  
• The truckers would prefer to have the PM tests performed on Saturdays and Sundays 

when the border crossings are closed. This will minimize the interference with their 
normal operation. 

• Mr. Sotelo mentioned that he thinks trucking firms will be willing to participate at no-
cost in the study assuming the interference with their normal operations will be 
minimized. 

• As soon as the truck fleet sample is approved, TTI will develop a detailed PM and PEMS 
schedule and send it to the trucking companies through Mr. Sotelo. 

• Sergio Lastra and Gonzalo Bravo will work with Mexican Customs, through the head of 
the Free Trade Business Coalition, Mr. Guardiola to obtain permission to use the PEMS 
equipment during the southbound trips. 

• TTI will prepare a Spanish version of the presentation to show to Mexican customs. 
 
Meeting 4: Obtaining Permission from US Customs 
 
Date: May 05, 2005 
Location: US Customs Office (BOTA), El Paso 
 
Attendance 
Barry Millar   US Customs and Border Protection, Assistant Port Director  
Frank Fuentes   US Customs and Border Protection  
Kevin Cleere   US Customs and Border Protection 
Maria Sisneros  EPA Region 6: El Paso 
Juan Villa   TTI 
Joe Zietsman   TTI 
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Key points from meeting 
 

• The study was briefly described to the US Customs officials. They were also briefed on 
the approximate crossing frequency with PEMS units. 

• The PEMS equipment was described to the Customs officials using photos and a 
brochure from CATI.  

• Misters Millar, Fuentes, and Kevin Cleere indicated that they had no problem with the 
equipment crossing the border as described. 

• Mr. Fuentes indicated that he would appreciate it if one of his staff members can be 
informed when a truck is about to cross with the PEMS equipment. The truck’s 
registration number and approximate crossing time will be phoned in to this official. Mr. 
Fuentes will provide TTI with the appropriate phone numbers. 

• TTI left two brochures of the CATI equipment. One brochure will be kept by Mr. Fuentes 
who is in charge of the BOTA Bridge. He undertook to brief his counterpart at the 
Zaragoza Bridge - Mr. Lopez and to also give him a brochure. 

• TTI undertook to take the unit to US Customs the Friday before testing so that the key 
officials can inspect the equipment. 

• The study team is allowed to take pictures of the trucks equipped with the PEMS units. 
They may, however, not take any pictures of the custom officials.  

 
Meeting 5: Define Conference Stakeholder List 
 
Date: May 05, 2005 
Location: Ciudad Juarez 

 
Attendance 
Gonzalo Bravo  BECC 
Juan Villa   TTI 
 
Key points from meeting 
 

• Mr. Bravo has already developed a list of key stakeholders. The list was discussed and it 
was agreed that Mr. Bravo will coordinate the Mexican stakeholders and TTI the ones in 
the U.S. 

• The initial list of Mexican stakeholders include: 
- The City of Ciudad Juarez (Rosario Diaz) 
- Transportation Association (Manuel Sotelo) 
- Free Trade Business Coalition (Carlos Guardiola) 
- SEMARNAP –Mexican EPA- (Sergio Sanchez) 
- Ciudad Juarez Strategic Plan (Lucinda Vargas) 
- Mexican Transport Institute -IMT- 
- Dr. M. Molina, Mexican Nobel Prize laureate 
- State of Chihuahua Environmental Department 
- SCT- Bridge Operators (CAPUFE) 
- Mexican Customs  
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Meeting 6: Inform World Trade Center About Study Objectives and Obtain 
Input 
 
Date: May 05, 2005 
Location: 123 Mills, Suite 200, El Paso 
 
Attendance 
Carolina Vela   World Trade Center El Paso/Juarez 
Erika Martinez  World Trade Center El Paso/Juarez 
Juan Villa   TTI 
 
Key points from meeting 
 

• WTC promotes trade in the El Paso – Ciudad Juarez area.  
• WTC has several committees and the logistics committee will be interested in the 

proposed study. Customs brokers and shippers participate in this committee. 
• WTC offered to promote the conferences that the BECC will organize through their web-

site and monthly member news letter. 
 
Meeting 7: Finalizing Location for Stationary PM Testing 
 
Date: May 05, 2005 
Location: El Paso County Coliseum, El Paso 

 
Attendance 
Corey Heon   Coliseum: VP of Operations 
2 maintenance workers Coliseum 
Joe Zietsman   TTI 
 
Key points from meeting 

• The purpose of the study and the needs regarding a location to perform the stationary 
testing was explained to the employees of the Coliseum. 

• The Coliseum is very conveniently located in El Paso within half a mile from the BOTA 
border location.  

• The group toured the facilities and it was clear that it complies with the needs for the 
stationary testing. 

• The Coliseum will provide the study team with a large open roofed area located next to 
the rodeo stadium.  

• The fenced-in facility has a gate which is kept open on a 24-hour basis. There is a booth 
where a guard is placed on a 24-hour basis.  

• The Coliseum will provide a secure location where equipment can be locked up 
overnight.  

• The whole area is paved and dust as a result of driving will, therefore, not be a concern. 
• The roofed area has lighting and sufficient power with several (115V/20 Amp) circuits.  



66 

• The roof is tall enough so that trucks will be able to pull in underneath the roof so that the 
trucks and the drivers do not get overly hot from the stationary idling. It is totally open on 
all sides so that there is ample ventilation. 

• The Coliseum has a very sturdy metal table that is used as a work-bench. They will lend 
this table to the study team for the week of the study. 

• There are no events scheduled for the week of June 27 – July 1 and the facility is 
available.  

• The Coliseum will charge a small fee to cover electricity and other expenses. 
• They do not have a refrigerator or compressor that they can lend to the team. (A visit to 

the large Home Depot along I-10 showed that there is a 26 gallon Husky Compressor at 
6.5 cfm and a maximum pressure of 150 PSI for a cost of $259, whereas the 17 gallon 
model is $200. A 4 cu ft. refrigerator costs $140.) 

• There is also an air-conditioned temporary office located approximately 30 meters from 
the roofed area where the testing will be conducted. This office will be made available to 
the testing team as a place where they can setup their computers, place the refrigerator, 
and have room to work. 

• The Coliseum has a maintenance shop with two maintenance employees. This shop can 
potentially be helpful to assist the team in performing small emergency repairs of 
equipment. 

 
Meeting 8: Inform SEMARNAP and City of Juarez about Study 
 
Date: May 06, 2005 
Location: Ciudad Juarez 

 
Attendance 
 
Ives Figueroa   City of Ciudad Juarez 
Mario Duarte M.  SEMARNAT 
Gonzalo Bravo  BECC 
Juan Villa   TTI 
 
Key points from meeting 
 

• SEMARNAT is required to issue licenses to trucks that move hazardous materials. Mr. 
Duarte offered to obtain the local database and will share it with the study members. 

• In case that the trucker association can not obtain the truck database from the SCT, 
SEMRNAP, at the federal level will contact SCT to try to obtain the information 
emphasizing the importance of the study 

• Gonzalo Bravo and Mario Duarte will coordinate with SCT and SEMRNAP to obtain the 
truck fleet information. 

• The City of Ciudad Juarez is very interested in the study results and would like to 
perform a similar analysis for private vehicles operating in the region.  
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Appendix B: Fleet Data 
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Appendix C: Time-Cumulative Distance Plots and Distance-Speed Plots of 
Drive Cycles 
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Time-cumulative Distance Plot 
BOTA 4 (707SP1-NB3)
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Time-cumulative Distance 
BOTA 6 (707SP1-NB2)
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Time-cumulative Distance Plot
BOTA 8 (697SP1-NB1)
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Time-Cumulative Distance
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Time-Cumulative Distance Plot 
Zaragosa 2 (BCS2-NB2)
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Time-Cumulative Distance Plot 
Zaragosa 4 (714SP1)
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Time-Cumulative Distance Plot
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Time-Cumulative Distance Plot 
Zaragosa 6 (726SP1)
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Time-Cumulative Distance Plot 
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Appendix D: Distance-Speed Plots
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Distance-Speed Plot 
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Distance-Speed Plot 
BOTA3 (BCS1-NB2)
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Distance-Speed Plot 
BOTA 5 (707SP1-NB1)
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Distance-Speed Plot 
BOTA 7 (726CA6)
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Distance-Speed Plot 
 BOTA 9 (697SP1-NB2)
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Distance-Speed Plot 
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Distance-Speed Plot 
Zaragosa 1 (BCS2-NB1)
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Distance-Speed Plot 
Zaragosa 3 (BCS2-NB3)
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Distance-Speed Plot 
Zaragosa 5 (611EM7)
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Distance-Speed Plot 
Zaragosa 7 (261CA5)
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