
COORDINATING RESEARCH COUNCIL, INC. 
3650 MANSELL ROAD·SUITE 140·ALPHARETTA, GA 30022 

 

 

 

 

 

 

CRC Report No. E-83 

EFFECTS OF OLEFINS CONTENT ON 
EXHAUST EMISSIONS 

 
 
 
 

June 2012 
 
 
 

 



 

 

The Coordinating Research Council, Inc. (CRC) is a non-profit 

corporation supported by the petroleum and automotive equipment 

industries.  CRC operates through the committees made up of 

technical experts from industry and government who voluntarily 

participate.  The four main areas of research within CRC are :  air 

pollution (atmospheric and engineering studies); aviation fuels, 

lubricants, and equipment performance, heavy-duty vehicle fuels, 

lubricants, and equipment performance (e.g., diesel trucks); and 

light-duty vehicle fuels, lubricants, and equipment performance 

(e.g., passenger cars).  CRC’s function is to provide the mechanism 

for joint research conducted by the two industries that will help in 

determining the optimum combination of petroleum products and 

automotive equipment.  CRC’s work is limited to research that is 

mutually beneficial to the two industries involved, and all 

information is available to the public. 

 

CRC makes no warranty expressed or implied on the application of 

information contained in this report.  In formulating and approving 

reports, the appropriate committee of the Coordinating Research 

Council, Inc. has not investigated or considered patents which may 

apply to the subject matter.  Prospective users of the report are 

responsible for protecting themselves against liability for 

infringement of patents. 

 
 

 

 



 

 i 

 

 

 

 

Final Report 

 
 

CRC Project No. E-83 - 
Effects of Olefins Content on Exhaust Emissions 

 

 

Prepared for: 
 

Dr. Chris Tennant 
Coordinating Research Council Inc. 

3650 Mansell Road, Suite 140 
Alpharetta, GA 30022 

(678) 795-0506 

 
 
 

June 2012 
 
 
 

Submitted by: 
Thomas D. Durbin 

Georgios Karavalakis 
J. Wayne Miller 

Maryam Hajbabaei 
Kurt Bumiller 
Mark Villela 

Karen Huaying Xu 
University of California 

CE-CERT 
Riverside, CA 92521 

951-781-5791 
951-781-5790 (fax) 

 

 

 

 

 



 

 ii 

 

Acknowledgments 
 

The authors thank the following organizations and individuals for their valuable contributions to 

this project.  

 

We acknowledge funding from the Coordinating Research Council under contract E-83.  

 

We acknowledge Mr. Joe Valdez, Mr. Kevin Castillo, and Mrs. Kathy Cocker of the University 

of California, Riverside for their contributions in coordinating and conducting the emissions 

testing for this program.  

 



 

 iii 

Table of Contents 
 

Acknowledgments ii 
Table of Contents iii 
Table of Figures v 
Acronyms and Abbreviations vi 

Executive Summary vii 

1.0 Introduction 2 
2.0 Experimental Procedures 3 

2.1 Test Fuels 3 
2.2 Test Vehicles 4 

2.3 Test Sequence and Randomization 4 
2.4 Fuel Conditioning 5 

2.5 Emissions Testing 7 
2.6 Statistical Analysis 9 

3.0 Emissions Testing Results 10 
3.1 NOx Emissions 10 

3.2 THC and NMHC Emissions 12 
3.3 CO Emissions 15 
3.4 CO2 Emissions and Fuel Economy 17 

3.5 Benzene, 1,3-Butadiene, Formaldehyde, and Acetaldehyde Emissions 20 

4.0 Summary and Conclusions 25 
5.0 References 27 
 

Appendix A. Catalyst Sulfur Purge Cycle 

Appendix B. Detailed Statistical Analysis Results 

Appendix C. Individual Test Results for each Test Vehicle 

 

 



 

 iv 

 

 

Table of Tables 

 

Table 2-1. Test Fuel Properties 3 
Table 2-2. Test Vehicles 4 
Table 2-3. Randomization Sequence for Each Vehicle 5 
Table 4-1. Percentage differences of different emissions comparing Fuel B with Fuel A 26 
 



 

 v 

Table of Figures 
 

Figure 2-1. Unified Cycle or LA-92 Cycle 5 
Figure 2-2. Flow Chart for E-83 Vehicle Testing 7 
Figure 3-1. Average NOx Weighted Emission Results 11 
Figure 3-2. Average THC Weighted Emission Results 13 

Figure 3-3. Average NMHC Weighted Emission Results 14 
Figure 3-4. Average CO Weighted Emission Results 16 
Figure 3-5. Average CO2 Weighted Emission Results 18 
Figure 3-6. Average Fuel Economy Results 19 
Figure 3-7. Average 1,3-Butadiene Weighted Emissions Results 21 

Figure 3-8. Average Benzene Weighted Emissions Results 22 
Figure 3-9. Average Formaldehyde Weighted Emissions Results 23 

Figure 3-10. Average Acetaldehyde Weighted Emissions Results 24 
 

file://Toaster.engr.ucr.edu/locker/EFR/VERL/verlpi/Project%20Data/VERL_LAB_DATA/CRC_E83/Final%20Report%20&%20Papers/CRC%20E-83%20draft%20final%20report%202012_07-Final.doc%23_Toc329254699


 

 vi 

  

Acronyms and Abbreviations 
ASTM…………………………………………. American Society for Testing and Materials 

ANOVA………………………………………. Analysis of Variance 

CARB…………………………………………. California Air Resources Board 

CE-CERT……………………………………… College of Engineering-Center for 

Environmental Research and Technology 

(University of California, Riverside) 

CO……………………………………………… carbon monoxide 

CO2…………………………………………….. carbon dioxide 

CRC……………………………………………. Coordinating Research Council 

DNPH………………………………………….. 2,4-Dinitrophenylhydrazine 

ECU……………………………………………. engine control unit 

EPA…………………………………………….. Environmental Protection Agency 

GC……………………………………………… gas chromatograph   

HPLC…………………………………………... high performance liquid chromatograph 

g/mi……………………………………………... grams per mile 

LDV……………………………………………. light-duty vehicle 

LDT…………………………………………….. light-duty truck  

Lpm…………………………………………….. liters per minute 

MPG…………………………………………….. miles per gallon 

NMHC…………………………………………. non-methane hydrocarbons 

NOx ……………………………………………. nitrogen oxides 

OBD……………………………………………. On-board Diagnostics 

PC………………………………………………. passenger car 

PDP-CVS………………………………………. positive displacement pump- 

constant volume sampling  

THC…………………………………………….. total hydrocarbons 

UC……………………………………………… Unified Cycle 

VERL…………………………………………… Vehicle Emissions Research Laboratory 

 



 

 vii 

Executive Summary 
 

Understanding the impacts of fuels on emissions from modern gasoline-powered vehicles is 

important for EPA and CARB models that are used for reformulated gasolines. A number of 

more recent CRC and EPA programs have examined the impacts of fuel properties on the 

emissions of the most modern vehicles, including properties such as sulfur content, T50, T90, 

ethanol content, aromatics content and Reid Vapor Pressure (RVP). The effect of olefin content 

has not been extensively studied since the Auto/Oil Air Quality Improvement Research Program 

and other studies in the early 1990’s. The coefficients in the EPA and CARB models are largely 

based on this older data.  

 

The goal of this study was to measure tailpipe emissions from a fleet of Tier 2 light-duty 

gasoline vehicles operating on two fuels with different olefin contents. Regulated and toxic 

exhaust emissions were measured on vehicles operated over the LA-92 test cycle. This study 

provides information that significantly improves our understanding of the effects of gasoline 

olefin content on exhaust emissions for the newest technology vehicles and can be used to update 

models employed in the evaluations of reformulated gasolines. 

 

Test Fuels 

 

The test fuels included two gasoline fuels with nominal olefin contents of 3% (denoted fuel A) 

and 15% (denoted fuel B) by volume. The other properties of these two test fuels were designed 

and blended to be equivalent, with both fuels containing approximately 10% ethanol by volume.  

 

Vehicles and Test Protocol 

 

The test fleet was comprised of the same 15 Tier 2 2008 vehicles that had been previously used 

in the CRC E-89/V2/EPACT study.
1
 The characteristics of the vehicles used in this study are 

provided in Table ES-1. 

 

The order in which the fuels were tested was fully randomized. Each vehicle/fuel combination 

was tested at least twice using the LA-92 (also known as Unified) Cycle, with a third test 

conducted if certain criteria were not met. For each LA-92 test, normal bag and modal tailpipe 

measurements were made for THC, NMHC, NOx, CO, CO2, and fuel economy. Toxic emissions 

measurements were carried out for benzene, 1,3-butadiene, formaldehyde, and acetaldehyde for 

each test. 
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Table ES-1. Vehicle characteristics 

Year Make Model PC LDT Engine 

2008 Dodge Caliber X 
 

2.4L I4 

2008 Ford F-150 
 

X 5.4L V8 

2008 Ford Explorer 
 

X 4.0L V6 

2008 Ford Focus X 
 

2.0L I4 

2008 GM Silverado 
 

X 5.3L V8 

2008 GM Impala X 
 

3.5L V6 

2008 GM Cobalt X 
 

2.4L I4 

2008 GM Outlook 
 

X 3.6L  V6 

2008 Honda Odyssey 
 

X 3.5L V6 

2008 Honda Civic X 
 

1.8L  I4 

2008 Jeep Liberty  
 

X 3.7L V6 

2008 Nissan Altima X 
 

2.5L  I4 

2008 Toyota  Camry X 
 

2.4L  I4 

2008 Toyota  Corolla X 
 

1.8L  I4 

2008 Toyota  Sienna   X 3.5L V6 

  

Emission and Fuel Economy Results 

 

The results show that a change in fuel olefin content over the range evaluated in this study has a 

relatively minor impact on exhaust emissions from the newest Tier 2 technology gasoline 

vehicles. Statistical analyses were performed on the emissions results to evaluate the statistical 

significance of any emissions changes between fuels. Results were classified as statistically 

significant for p ≤ 0.05 and marginally statistically significant for 0.05 < p ≤ 0.1. The results are 

summarized in Table ES-1.  

 

Changing fuel olefin content had no statistically significant effect on the weighted values for the 

primary regulated pollutants (NOx, THC, NMHC, and CO), and also for most of the individual 

emissions bags. The only statistically significant effects found were for cold-start bag 1 NOx, 

with 18.3% higher emissions for fuel B than fuel A, and for bag 1 CO, with 14.8% lower 

emissions for fuel B than fuel A. A marginally statistically significant fuel effect also was found 

for bag 2 NOx emissions, with fuel B having 20.7% lower emissions compared to fuel A. 

 

Statistically significant differences were observed in both the weighted and bag 2 CO2 emissions, 

and a marginally statistically significant difference was found for bag 1 CO2 emissions, with 

higher CO2 for fuel B than fuel A for each of these cases. The increases in CO2 for fuel B 

compared to fuel A were 0.9% for weighted results, 1% for bag 1, and 0.9% for bag 2. It is not 

immediately clear why the two fuels would differ with respect to CO2 emissions, as the carbon 

content per unit of energy was similar for both fuels (a difference of 0.2%). The difference in 

fuel economy between the test fuels was marginally statistically significant for the weighted and 

bag 2 data, with the fuel economy for fuel B being 0.8-0.9% lower than that for fuel A, 

consistent with the CO2 results. 
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For the toxic emissions, 1,3 butadiene showed a statistically significant fuel effect for the 

weighted emissions, with 26.4% higher emissions for fuel B than fuel A, consistent with a 

correlation between olefins in the fuel and in the exhaust. Benzene, formaldehyde, and 

acetaldehyde did not show statistically significant fuel effects of the weighted emissions and 

most of the individual bags. Only bag 2 acetaldehyde emissions showed a marginally statistically 

significant difference, with fuel B having 59.5% lower emissions than fuel A. 
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Table ES-2. Percentage differences of different emissions comparing Fuel B with Fuel A 

 NOx THC  NMHC  CO CO2 1,3-Butadiene Benzene  Formaldehyde Acetaldehyde Fuel Economy 

Bag 1 18.3% NS NS -14.8% 1.0% NS NS NS NS NS 

Bag 2 -20.7% NS NS NS 0.9% NS NS NS -59.5% -0.9% 

Bag 3 NS NS NS NS NS NS NS NS NS NS 

Weighted NS NS NS NS 0.9% 26.4% NS NS NS -0.8% 

 Notes: Bold values are statistically significant p ≤ 0.05  

 Underlined values are marginally statistically significant 0.05 < p ≤ 0.1 

 Positive values represent increases for fuel B relative to fuel A, whereas negative values represent decreases for fuel B relative to 

fuel A. 

 NS: no statistically significant percentage differences  
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1.0 Introduction 
 

The latest gasoline-powered vehicles continue to show improvements in emissions as they target 

increasingly more stringent emissions standards. Understanding the impacts of fuels on modern 

gasoline-powered vehicles is important for EPA and CARB models that are used in the 

development of regulations for reformulated gasolines. Current federal and California 

regulations for reformulated gasolines include sets of equations (i.e., the Complex Model (EPA) 

and the Predictive Model (CARB)) that describe the impact of fuel properties and composition 

on emissions. The Energy Policy Act of 2005 requires that EPA update the Complex Model to 

reflect the latest information on fuel and vehicle effects. Although CARB has not yet announced 

plans for the next update of their Predictive Model, they also utilize new information on fuel 

effects to periodically update their model. 

 

A number of more recent CRC and EPA programs have examined the impacts of fuel properties 

on the emissions of the most modern vehicles, including properties such as sulfur content, T50, 

T90, ethanol content, aromatics content and Reid Vapor Pressure (RVP).
1-7

 The effect of olefin 

content has not been studied extensively since the Auto/Oil Air Quality Improvement Research 

Program and other programs in the early 1990’s.
8-14

 The coefficients in the models are largely 

based on these older data sets. Fundamentally, olefins are more reactive than parafins, so they 

tend to burn more completely in the combustion process. Some of these older studies did show 

an impact of olefins on exhaust emissions, with higher olefins showing trends of decreasing 

hydrocarbons, which could be attributed to more complete combustion, and higher NOx 

emissions, which could be attributed to greater heat release in the combustion process.
6,9,11,12,13

 

Increases in olefin levels have also been shown to increase 1,3 butadiene emissions, showing a 

correlation between fuel olefins and olefins found in the exhaust.
9-11

 A limited number of studies 

conducted since that time have shown less consistent trends for olefin impacts on newer 

vehicles,
15,16

 but there is currently no information available about the latest technology vehicles 

that are being sold in the market today.   

 

The goal of this project was to measure tailpipe emissions from a fleet of modern, Tier 2, light-

duty gasoline vehicles operating on two fuels with different olefin contents, nominally 3% and 

15% by volume. Regulated and toxic exhaust emissions were measured from vehicles operated 

over the LA-92 test cycle. This study provides information that significantly improves our 

understanding of the effects of gasoline olefin content on exhaust emissions for the newest 

technology vehicles. The data collected in this study also can be used to improve models of 

olefin effects in gasoline. 
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2.0 Experimental Procedures 
 

2.1 Test Fuels 
 

Two fuels were used for this program. The test fuel properties are provided in Table 2-1. The 

primary difference between the fuels was the olefinic content, which was tested at two nominal 

levels, 3% and 15% by volume. The other properties of these two test fuels were designed and 

blended to be equivalent, within the ranges specified. These fuels were specially blended from 

standard refinery gasoline blending streams, without use of special chemicals or chemical 

blendstocks, but with a detergent additive. The properties of the fuels were reviewed and 

approved by the CRC program committee prior to final preparation and delivery for the testing 

program. The olefinic content was measured by ASTM D1319 (corrected for oxygenates). 

 

Table 2-1. Test Fuel Properties 

 

Property 

Test Method  Limits Fuel A Fuel B 

Olefins ASTM D1319 Vol. %  3.1 14.76 

API Gravity ASTM D4052 API Report 58.58 57.8 

DVPE ASTM D5191 psi 7.5 – 7.8  7.61 7.54 

T10 ASTM D86 °F Varies 

w/RVP 

132.6 134.2 

T50 ASTM D86 °F 195-205 200.7 204.1 

T90 ASTM D86 °F 310-320 312.6 316.9 

FBP ASTM D86 °F < 437  365.5 363.9 

RON ASTM D2699  91-95 94.6 94.6 

MON ASTM D2700  83-87 85.9 84.5 

(R+M)/2   87-91 90.1 89.6 

Benzene ASTM D5580 

or D3606 

Vol. % 0.9-1.1 wt. % 1.01 1.05 

Aromatics ASTM D1319 Vol. % 23-27  23.0 25.25 

Sulfur ASTM D5453 Ppm 25-30  27.1 25.3 

Ethanol ASTM D4815 Vol. % 10  9.83 10.02 

Carbon  Wt.%  84.13 84.01 

Hydrogen  Wt.%  13.07 12.37 

Gross Heating 

Value 

ASTM 

 D4809 

BTU/lb  19160 19091 

Carbon content 

per unit of 

energy 

 lbs. 

carbon/

BTU 

 4.39x10
-5

 4.40x10
-5

 

 

The lubricant used for this study was a standard manufacturer recommended viscosity grade 

lubricant. One brand was used for all emissions testing. Fresh lubricant oil was put in the 

crankcase at the start of emission testing and was not changed for the duration of the test. 
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2.2 Test Vehicles 
 

Fifteen vehicles were obtained from CRC and tested in this program. All of the vehicles had  

been used in a recently completed, congressionally-mandated study jointly sponsored by EPA, 

DOE and CRC to measure the effects of changes in selected fuel properties on light-duty vehicle 

exhaust emissions.
1
 The vehicles were all Tier 2 vehicles with a model year of 2008. The 

characteristics of the vehicles are provided in Table 2-2. All vehicles were inspected upon arrival 

to ensure that they were in reasonable mechanical and operational condition using a standard 

checklist. 

 

Table 2-2. Test Vehicles  

Year Make Model PC LDT Engine 

Extra 

drain & 

fill 

2008 Dodge Caliber X 
 

2.4L I4   

2008 Ford F-150 
 

X 5.4L V8   

2008 Ford Explorer 
 

X 4.0L V6   

2008 Ford Focus X 
 

2.0L I4   

2008 GM Silverado 
 

X 5.3L V8   

2008 GM Impala X 
 

3.5L V6   

2008 GM Cobalt X 
 

2.4L I4   

2008 GM Outlook 
 

X 3.6L  V6   

2008 Honda Odyssey 
 

X 3.5L V6 X 

2008 Honda Civic X 
 

1.8L  I4 X 

2008 Jeep Liberty  
 

X 3.7L V6   

2008 Nissan Altima X 
 

2.5L  I4 X 

2008 Toyota  Camry X 
 

2.4L  I4 X 

2008 Toyota  Corolla X 
 

1.8L  I4 X 

2008 Toyota  Sienna   X 3.5L V6 X 

 

2.3 Test Sequence and Randomization 
The test matrix fully randomized the order of testing fuels within each test vehicle. For each 

vehicle, the randomization for fuels A and B can be sequenced as AABB, ABBA, ABAB, or 

variations on these sequences. The randomization sequence was determined separately for each 

vehicle and is provided in Table 2-3. Vehicles were generally tested in groups of two to allow for 

coordination of analytical sampling. In some cases, the order of the vehicles or the test sequence 

within a vehicle was modified due to the need to redo tests or other issues, such as the need for 

new tires on some vehicles. 

 

Each vehicle/fuel combination was tested at least twice using the LA-92/Unified Cycle. The LA-

92 is shown in Figure 2-1. After completing the initial duplicate LA92 tests on each vehicle/fuel 

combination, the data were evaluated to determine whether additional testing was required. For 

this program, a third test was performed if differences in LA92 regulated emissions exceeded a 

predefined limit. This limit was defined using the same criteria as used in previous studies, such 

as the E-60 and E-67 programs. Specifically, a third test was performed if the difference in the 

measurements exceeded the following: Total Hydrocarbons (THC) 33%, oxides of nitrogen (NOx) 
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29%, carbon monoxide (CO) 70%, provided the absolute difference in the measurements was 

greater than 5 mg/mi. Based on these limits, triplicate tests were required on 13 of the 30 vehicle 

combinations. This is greater than the number of replicates required in previous similar 

programs,
2,3

 which could be attributed to the more aggressive nature of the LA-92 cycle 

compared to the FTP. The emissions measurements for the third test included regulated as well 

as toxic species, as discussed in section 2-5.  

 

Table 2-3. Randomization Sequence for Each Vehicle 

Vehicle # Test Sequence 

1 ABBA 

2 ABBA 

3 ABAB 

4 BABA 

5 ABAB 

6 BAAB 

7 BABA 

8 BAAB 

9 AABB 

10 ABBA 

11 ABBA 

12 ABAB 

13 BAAB 

14 BABA 

15 ABBA 
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Figure 2-1. Unified Cycle or LA-92 Cycle 

2.4 Fuel Conditioning 
 

Before each test on a specific vehicle/fuel combination, the vehicle was pre-conditioned on a 

new fuel with a procedure that included a fuel drain and fill (40%), followed by a catalyst sulfur 

purge cycle (see Appendix A) and four coast downs (70-30 mph). For the catalyst sulfur purge 
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cycle, the inlet catalyst temperature and the exhaust A/F ratio were monitored with an OBDPRO 

serial scantool that was connected to the engine control unit (ECU). Either one or two additional 

drain and fills were then done on each vehicle. The need for two additional drain and fills for 

some vehicles was based on information obtained in the E-89/V2/EPACT program.
1
 The 

vehicles requiring an extra drain and fill are identified in Table 2-2, and are mostly those made 

by foreign manufacturers. The vehicle was then preconditioned over a single iteration of bags 1 

and 2 of the LA-92 cycle on the dynamometer before the actual emissions test was conducted. 

An additional 15 minute drive at 50 mph was conducted when the first fuel was introduced on 

each vehicle to help condition the vehicle for the program. This sequence is shown schematically 

in Figure 2-2. This procedure was essentially the same as that used for the E-89/V2/EPACT 

study.
 1

 

 

Following the initial emissions test, the vehicle was either placed into cold soak, if the next test 

was on the same fuel, or it underwent the full procedure for new fuels. In cases where back-to-

back tests were conducted on the same vehicle/fuel combination and the period between these 

tests exceeded 36 hours, for example, over the weekend, an additional prep cycle, consisting of 

bags 1 and 2 of the LA-92 cycle, was conducted on that vehicle prior to testing.  
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2.5 Emissions Testing 
 

Vehicle emissions measurements were conducted in CE-CERT’s Vehicle Emissions Research 

Laboratory (VERL). The centerpiece of the VERL is a 48-inch Burke E. Porter single-roll 

electric chassis dynamometer, capable of testing vehicles weighing up to 12,000 lbs. A 

Pierburg Positive Displacement Pump-Constant Volume Sampling (PDP-CVS) system was 

used to obtain the emissions measurements.  

 

For each LA-92 test, normal bag and modal tailpipe measurements were made for THC, non-

methane hydrocarbons (NMHC), NOx, CO, carbon dioxide (CO2) and fuel economy. The VERL 

Figure 2-2. Flow Chart for E-83 Vehicle Testing 
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configuration utilizes a Pierburg AMA-4000 emissions bench for the measurement of both 

normal bag emissions and second-by-second dilute post-catalyst measurements.  

 

Toxics Sampling and Analysis 

Speciated emissions measurements were carried out for benzene, 1,3-butadiene, formaldehyde 

and acetaldehyde for each phase of each test. The analyses were carried out in CE-CERT’s in-

house analytical laboratory. These measurements were performed in accordance with protocols 

developed previously as part of the Auto/Oil Air Quality Improvement Research Program 

[SAE930142].
 17

 Given the low levels of emissions for the individual species that are found for 

the more advanced vehicles being tested, we have also incorporated procedures to enhance the 

detection level. 

 

Samples for benzene and 1,3 butadiene were collected using Carbotrap adsorption tubes 

consisting of multi-beds, including a molecular sieve, activated charcoal, and carbotrap resin. For 

benzene and 1,3 butadiene, the gas chromatograph (GC) column, and operating conditions were 

set up according to the specifications of SAE 930142HP Method-2 for C4-C12 hydrocarbons.
17

 

An Agilent 6890 GC with a FID maintained at 300°C was used to measure benzene and 1,3 

butadiene. A Gerstel TDS thermal adsorption unit was used for sample injection. This unit ramps 

the temperature from 30°C to 380°C at a rate of 6°C per minute to desorb the sample from the 

tubes. A 60 m x 0.32 mm HP-1 column was used. This provides a detection limit of 0.24 ng of 

carbon per tube, which is the equivalent of 0.03 mg/mile for phases 1 and 3 and 0.004 mg/mile 

for phase 2 for 1,3 butadiene and benzene.  

 

It should be noted that the amount of sample that is collected and injected into the GC using the 

Carbotrap absorption tubes is considerably greater than what can be achieved using Tedlar bag 

samples, since the absorption tubes are sampled over the duration of the test cycle. Thus, the 

detection limits with the thermal desorption tubes are improved by several orders of magnitude 

compared to levels achieved in earlier Auto/Oil programs. For this program, for example, the 

volume sampled and subsequently injected into the GC using the Carbotrap absorption tubes was 

the equivalent of 365 ml for bags 1 and 3 and 1,400 ml for bag 2. This is in comparison with the 

5 ml of sample injected with the previous studies that employed Tedlar bags.   

 

Samples for carbonyl analysis were collected through a heated line onto 2,4-

dinitrophenylhydrazine (DNPH) coated silica cartridges (Waters Corp., Milford, MA). Sampled 

cartridges were extracted using 5 mL of acetonitrile and injected into an Agilent 1100 series high 

performance liquid chromatograph (HPLC) equipped with a diode array detector. The column 

used was a 5 μm Deltabond AK resolution (200cm x 4.6mm ID) with upstream guard column. 

The HPLC sample injection and operating conditions are set up according to the specifications of 

the SAE 930142HP protocol.
17

 This instrument provided 0.02 µg/cartridge and 0.03 µg/cartridge 

detection limits, respectively, for formaldehyde and acetaldehyde measurements. These limits 

are the equivalent of 0.25 mg/mile for phase 1 and 3, and 0.03 mg/mile for phase 2 for 

formaldehyde, 0.37 mg/mile for phase 1 and 3 and 0.04 mg/mile for phase 2 for acetaldehyde 

measurements.     
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2.6 Statistical Analysis 
 

Statistical analyses for each pollutant were run using the Mixed procedure in PC/SAS from SAS 

Institute, Inc. The mixed models were performed for each pollutant to determine the statistical 

significance of any fuels effects. The fixed effect included in the model was the fuel type and the 

random effect was vehicle.  

 

The normality of residuals was checked in the models for all regulated and toxic emissions to 

determine if a transformation was necessary. Analyses using the logarithmic transform of the 

data in similar previous studies have shown that the emissions standard deviation is relatively 

constant as a percentage of the emission level. For example, vehicles with higher emission levels 

will tend to have a higher variability on an absolute basis than those with lower emissions levels. 

Examination of the current data revealed that this relationship between the emissions level and 

variability held true even for the very low emitting vehicles. All the emissions except for 

formaldehyde and acetaldehyde were analyzed on the natural logarithm scale. The fuel economy 

was analyzed on the inverse scale (i.e., gallons/mile). Formaldehyde and acetaldehyde were 

analyzed in the arithmetic scale because the assumption of normality for the residual was not 

violated for these emissions, so no transformation was necessary. For emissions components that 

included zeros for individual bags or weighted emissions, a small constant was added prior to 

taking the logarithm to allow the analyses to be done in the logarithm scale. Any added constants 

were selected to be as small as possible, and in all cases did not exceed the background levels.  

 

ANOVA results were considered to be statistically significant for p≤0.05, although we also note 

cases where 0.05<p≤0.1 as marginally statistically significant in the text. Pairwise comparisons 

were made using a least squares means test. The results from the ln or inverse models were “back 

transformed” to provide least square means for all pollutants on each fuel. This provides an 

arithmetic measure to evaluate the magnitude of any statistically significant effects. Any 

constants added to facilitate the analysis in logarithm scale were subsequently subtracted from 

the least square means once the back transformation to the arithmetic scale was made. 
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3.0 Emissions Testing Results 
 

The weighted LA-92 emission results for the testing on the 15 vehicles are presented in the 

Figures in this section, along with the least square means from the statistical analysis. The results 

for each test cycle/fuel combination represent the average of all test runs done on that particular 

combination. The error bars represent one standard deviation on the average values for the 

individual vehicles and the pooled standard deviation for the least square means. This same 

format is used for the figures throughout the results section. It should be noted that in some cases 

results for various species on different vehicles and for different bags of the emissions test were 

essentially at the background level. As such, the initial data set included some negative values. 

Since it is unlikely that emissions would be eliminated as part of the combustion process, and to 

facilitate data analysis, all negative values were replaced by zero in the final data set used for the 

statistical analysis and for the Figures presented below. For the statistical analyses, results are 

considered to be statistically significant for p ≤ 0.05 or marginally statistically significant for 

0.05 < p ≤ 0.1 for this discussion. The more detailed statistical analysis results are provided in 

Appendix B. The individual emissions test results for each vehicle are provided in Appendix C.  

 

3.1 NOx Emissions 
 

The weighted LA-92 NOx emission results for the testing on the 15 vehicles are presented in 

Figure 3-1, along with back transformed least square means from the statistical analysis. NOx 

emissions were at or below 20 mg/mi for more than half of the test vehicles. There was no 

statistically significant difference between the two fuels for the weighted and bag 3 emissions. 

As shown in Table B-2 of Appendix B, there was a statistically significant fuel effect for the 

cold-start (bag 1) phase of the cycle, with fuel B producing 18.3% higher NOx emissions than 

fuel A. For bag 2, marginally statistically significant differences were also found (p=0.07), with 

fuel B showing 20.7% lower NOx than fuel A. It should be noted that some vehicles, such as 

those denoted B and I, showed greater variability for some fuel combinations. Examination of 

the real-time NOx showed that this variability could be attributed to emissions excursions that 

occurred during the most aggressive portion of the driving cycle, around 850-950 seconds into 

the test cycle, as shown in Figure 2-1.  

 

In comparison, previous studies of older vehicles have shown stronger olefin effects, with NOx 

increasing with olefin content.
6,8,11,12-15

 The higher NOx emissions in older studies have been 

attributed to the more reactive nature of the olefins, which in turn can lead to more complete 

combustion and greater heat release during combustion.
6
 However, some recent studies have 

shown less significant impacts for olefins on NOx emissions.
16,18

 

 

 

 



 

 11 

-0.04

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

A B C D E F G H I J K L M N O

L
ea

st
 S

q
u

a
re

 M
ea

n

N
O

x
E

m
is

si
o

n
s 

(g
/m

i)
A

B

 

Figure 3-1. Average NOx Weighted Emission Results 
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3.2 THC and NMHC Emissions 
 

The THC and NMHC emission results are presented in Figure 3-2 and Figure 3-3, respectively. 

THC and NMHC emissions were generally in the range of 50 and 40 mg/mi, respectively, or less. 

Statistical analyses did not show any significant differences between fuels A and B for THC or 

NMHC for the weighted emissions or any of the individual bag emissions.  

 

In comparison, some previous studies have shown stronger olefin effects for older vehicles, with 

hydrocarbons decreasing with increasing olefin content.
6,8,11,12

 This could be attributed to the 

more reactive nature of the olefins compared to paraffins, contributing to more complete 

combustion.
6
 Less significant impacts for olefins on hydrocarbon emissions, however, have been 

found in some slightly more recent studies.
16,18
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Figure 3-2. Average THC Weighted Emission Results 
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Figure 3-3. Average NMHC Weighted Emission Results 
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3.3 CO Emissions 
The CO emission results for the test vehicles are presented in Figure 3-4. CO emissions vary 

from vehicle to vehicle. More than half of the vehicles had CO emissions below 1 g/mi, and only 

3 vehicles had CO emissions of 3 g/mi or more. There were no statistically significant 

differences in CO emissions between the two test fuels for the weighted and the bag 2 and bag 3 

CO emissions. Statistical analyses did indicate that the effects of the test fuels for CO emissions 

were statistically significant over the bag 1 (cold-start) phase of the cycle. Specifically, bag 1 CO 

emissions of fuel B were found to be 14.8% lower than those of fuel A.  

 

The lack of strong trends for CO emissions as a function of olefin content is consistent with a 

majority of the previous studies in the literature.
6,8,11,12,13,15,16,19

 The lack of strong CO impacts 

can be attributed to the fact that olefins do not affect the stoichiometry of combustion, and hence 

do not have a significant impact on the formation of rich combustion zones where CO is 

primarily produced.
6
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Figure 3-4. Average CO Weighted Emission Results 
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3.4 CO2 Emissions and Fuel Economy 
 

The CO2 emission results are presented in Figure 3-5. CO2 emissions did show some slight but 

statistically significant trends between the fuels. Statistically significant differences were found 

for the weighted and bag 2 CO2 emissions, and a marginally statistically significant difference 

(p=0.09) was found for bag 1 CO2 emissions. The increases in CO2 for fuel B compared to fuel A 

were 0.9% for weighted results, 1% for bag 1, and 0.9% for bag 2. No statistically significant 

differences between fuels were found for the bag 3 CO2 emissions.  

 

It is not immediately clear why CO2 emissions would show differences between the two fuels. 

CO2 differences could be attributed to differences in the carbon content per unit of energy for the 

fuels; however, the carbon contents per unit of energy for these fuels were very similar (a 

difference of 0.2%), as shown in Table 2-1. Looking at the data for the individual vehicles more 

closely, thirteen of the fifteen vehicles had higher weighted CO2 emissions for fuel B than fuel 

A. Further investigation would likely be needed to better understand the nature of these results.   

 

The fuel economy results for the different test vehicles are presented in Figure 3-6. Fuel 

economy results did show some marginally statistically significant differences between the test 

fuels for the weighted (p=0.06) and bag 2 (p=0.08) results, but no statistical differences between 

fuels for the bags 1 and 3. For both the weighted and bag 2 results, the fuel economy for fuel B 

was 0.8-0.9% lower than that for fuel A. This is consistent with the results seen for the CO2 

emissions. 
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Figure 3-5. Average CO2 Weighted Emission Results 
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Figure 3-6. Average Fuel Economy Results 
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3.5 Benzene, 1,3-Butadiene, Formaldehyde, and Acetaldehyde Emissions 
 

Figure 3-7, Figure 3-8, Figure 3-9, and Figure 3-10 show the 1,3-butadiene, benzene, 

formaldehyde, and acetaldehyde emissions, respectively, over the Unified Cycle for all the test 

vehicles. For toxic emissions, 1,3 butadiene showed a statistically significant fuel effect 

(p=0.049) for the weighted emissions, with 26.4% higher emissions for fuel B than fuel A. No 

statistically significant differences between fuels were seen for the individual bags for 1,3 

butadiene, however. In comparison, previous studies of older vehicles have shown trends of 1,3 

butadiene increasing with higher levels of olefins.
6,9-11,15

 This is consistent with a correlation 

between olefins in the fuel and in the exhaust. 

 

Toxic emissions of benzene, formaldehyde, and acetaldehyde did not show strong effects with 

olefins. Only bag 2 acetaldehyde emissions showed a marginally statistically significant 

difference (p=0.054), with fuel B having 59.5% lower emissions than fuel A. The majority of 

previous studies have also found that olefins do not have a significant impact on the other 

primary toxics, i.e., benzene, formaldehyde, and acetaldehyde.
6,9-11,15

 It should be noted that 

some vehicle/fuel combinations showed higher variability for the different toxic species than 

others. A closer examination of these data points shows that this could be attributed to greater 

variability in the bag 1 emissions in most cases, although in some cases higher variability in bag 

2 was also observed. 
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Figure 3-7. Average 1,3-Butadiene Weighted Emissions Results 
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Figure 3-8. Average Benzene Weighted Emissions Results 
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Figure 3-9. Average Formaldehyde Weighted Emissions Results 
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Figure 3-10. Average Acetaldehyde Weighted Emissions Results 
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4.0  Summary and Conclusions 
 

This study evaluated the impacts of olefin content in gasoline on exhaust emissions of modern 

gasoline vehicles. Testing was conducted on fifteen vehicles with two fuels with nominal olefin 

levels of 3% (Fuel A) and 15% (Fuel B) by volume. Fifteen Tier 2 light-duty vehicles were 

tested over the LA-92 for regulated as well as toxic emissions. The information obtained in this 

study will be useful for updates to models used to evaluate reformulated gasolines and to better 

understand the effects of olefins on the latest technology vehicles. Statistical analyses were 

performed on the emissions results to evaluate the statistical significance of any emissions 

changes between fuels. Results were classified as statistically significant for p ≤ 0.05 and 

marginally statistically significant for 0.05 < p ≤ 0.1. The results for the regulated emissions, fuel 

economy, and toxics are summarized in Table 4-1 and as follows: 

 

 Changes in fuel olefin content within the range examined in this study had a relatively 

minor impact on exhaust emissions in the newest Tier 2 technology gasoline vehicles.  

 For the primary regulated emissions, a change in olefin content had no statistically 

significant effect on weighted emissions of the primary regulated pollutants (NOx, THC, 

NMHC, and CO), and also for most of the individual emissions bags. The only 

statistically significant effects found were for the cold-start bag 1 emissions for NOx, with 

18.3% higher emissions for fuel B than fuel A, and for bag 1 emissions for CO, with 

14.8% lower emissions for fuel B than fuel A. A marginally statistically significant fuel 

effect was also found for bag 2 NOx emissions, with fuel B having 20.7% lower 

emissions compared to fuel A.  

 Statistically significant differences were observed in both the weighted and bag 2 CO2 

emissions, and a marginally statistically significant difference was found for bag 1 CO2 

emissions, with higher CO2 for fuel B than fuel A for each of these cases. The increases 

in CO2 for fuel B compared to fuel A were 0.9% for weighted results, 1% for bag 1, and 

0.9% for bag 2. It is not immediately clear why CO2 emissions would show differences 

between the two fuels, as the carbon content per unit of energy was similar for both fuels 

(a difference of 0.2%). Fuel economy results did show some marginally statistically 

significant differences between the test fuels for the weighted and bag 2 results, with the 

fuel economy for fuel B being 0.8-0.9% lower than that for fuel A, consistent with the 

CO2 results. 

 For the toxic emissions, 1,3 butadiene showed a statistically significant fuel effect for the 

weighted emissions, with 26.4% higher emissions for fuel B than fuel A, consistent with 

a correlation between olefins in the fuel and in the exhaust. Benzene, formaldehyde, and 

acetaldehyde did not show statistically significant fuel effects of the weighted emissions 

and most of the individual bags. Only bag 2 acetaldehyde emissions showed a marginally 

statistically significant difference, with fuel B having 59.5% lower emissions than fuel A.    
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Table 4-1. Percentage differences of different emissions comparing Fuel B with Fuel A 

 NOx THC  NMHC  CO CO2 1,3-Butadiene Benzene  Formaldehyde Acetaldehyde Fuel Economy 

Bag 1 18.3% NS NS -14.8% 1.0% NS NS NS NS NS 

Bag 2 -20.7% NS NS NS 0.9% NS NS NS -59.5% -0.9% 

Bag 3 NS NS NS NS NS NS NS NS NS NS 

Weighted NS NS NS NS 0.9% 26.4% NS NS NS -0.8% 

 Notes: Bold values are statistically significant p ≤ 0.05  

 Underlined values are marginally statistically significant 0.05 < p ≤ 0.1 

 Positive values represent increases for fuel B relative to fuel A, whereas negative values represent decreases for fuel B relative to 

fuel A. 

 NS: no statistically significant percentage differences  
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Appendix A. Catalyst Sulfur Purge Cycle 

 

This procedure is designed to cause the vehicle to transiently run rich at high catalyst 

temperature, to remove accumulated sulfur from the catalyst, via hydrogen sulfide formation.  

The drive trace is shown below the descriptive protocol. The catalyst inlet temperature and the 

exhaust A/F ratio must be monitored during this procedure. It is required to demonstrate that the 

catalyst inlet temperature must exceed 700°C during the wide open throttle (WOT) accelerations 

and that rich fuel/air mixtures are achieved during WOT. If these parameters are not achieved, 

increased loading on the dynamometer will be added for this protocol (but not during the 

emissions test). 

 

1. Drive the vehicle from idle to 55 mph and hold speed for 5 minutes (to bring catalyst to full 

working temperature). 

2. Reduce vehicle speed to 30 mph and hold speed for one minute. 

3. Accelerate at WOT for a minimum of 5 seconds, to achieve a speed in excess of 70 mph. 

Continue WOT above 70 mph, if necessary to achieve 5-second acceleration duration. Hold 

the peak speed for 15 seconds and then decelerate to 30 mph. 

4. Maintain 30 mph for one minute. 

5. Repeat steps 3 and 4 to achieve 5 WOT excursions. 

6. One sulfur removal cycle has been completed. 

7. Repeat steps 1 to 5 for the second sulfur removal cycle. 

8. The protocol is complete if the necessary parameters have been achieved. 

 

WOT Acceleration must exceed 5 seconds duration, extended 

by peak speed greater than 70 mph.
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Appendix B. Detailed Statistical Analysis Results  

 

Table B-1: ANOVA Analysis for NOx Emissions 

Bag 1 NOx Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.512784 0.612784 10.60 0.0019 

Vehicle 14 72.714177 5.193870 107.34 <.0001 

Residual 59 2.854810 0.048387     

Bag 2 NOx Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.936402 0.936402 3.42 0.0695 

Vehicle 14 100.912499 7.208036 26.31 <.0001 

Residual 59 16.161641 0.273926     

Bag 3 NOx Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.042019 0.042019 0.07 0.7936 

Vehicle 14 204.997737 14.642695 24.08 <.0001 

Residual 57 34.664516 0.608149     

Weighted NOx Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.166094 0.166094 1.02 0.3170 

Vehicle 14 53.339652 3.809975 23.37 <.0001 

Residual 59 9.620457 0.163059     
 

Table B-2: Least Square Mean (LSM) Values for NOx Emissions 

Bag 1 NOx Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -2.6267 0.0723 

B -2.4594 0.0855 

Bag 2 NOx Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -4.4144 0.0121 

B -4.6434 0.0096 

Bag 3 NOx Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -4.9898 0.0068 

B -5.0461 0.0064 

Weighted NOx Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -3.9638 0.0190 

B -4.0603 0.0172 
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Table B-3: ANOVA Analysis for THC Emissions 

Bag 1 THC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.003513 0.003513 0.15 0.6962 

Vehicle 14 17.236105 1.231150 53.95 <.0001 

Residual 59 1.346409 0.022820   

Bag 2 THC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.001961 0.001961 0.02 0.8987 

Vehicle 14 87.502787 6.250199 52.09 <.0001 

Residual 58 6.959687 0.119995   

Bag 3 THC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.151621 0.151621 1.13 0.2912 

Vehicle 14 44.144303 3.153164 23.59 <.0001 

Residual 59 7.884931 0.133643   

Weighted THC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000201 0.000201 0.01 0.9341 

Vehicle 14 32.403572 2.314541 79.35 <.0001 

Residual 59 1.721033 0.029170   

 

Table B-4: Least Square Mean (LSM) Values for THC Emissions 

Bag 1 THC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -1.0381 0.354127 

B -1.0522 0.349169 

Bag 2 THC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -4.4383 0.011816 

B -4.4261 0.011961 

Bag 3 THC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -4.2572 0.014162 

B -4.3491 0.012918 

Weighted THC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -3.4236 0.032595 

B -3.4269 0.032487 
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Table B-5: ANOVA Analysis for NMHC Emissions 

Bag 1 NMHC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000847 0.000847 0.03 0.8565 

Vehicle 14 16.735232 1.195374 46.56 <.0001 

Residual 59 1.514910 0.025676     

Bag 2 NMHC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.002309 0.002309 0.02 0.8937 

Vehicle 14 76.185150 5.441796 42.47 <.0001 

Residual 58 7.431931 0.128137     

Bag 3 NMHC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.054190 0.054190 0.10 0.7489 

Vehicle 14 80.034847 5.716775 19.92 <.0001 

Residual 56 29.320859 0.523587     

Weighted NMHC Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000177 0.000177 0.01 0.9399 

Vehicle 14 25.982495 1.855892 60.29 <.0001 

Residual 59 1.816119 0.030782     
 

Table B-6: Least Square Mean (LSM) Values for NMHC Emissions 

Bag 1 NMHC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -1.1854 0.3056 

B -1.1924 0.3035 

Bag 2 NMHC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -4.8597 0.0078 

B -4.8687 0.0077 

Bag 3 NMHC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -5.6192 0.0036 

B -5.5646 0.0038 

Weighted NMHC Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -3.6896 0.0250 

B -3.6865 0.0251 
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Table B-7: ANOVA Analysis for CO Emissions 

Bag 1 CO Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.471462 0.471462 7.23 0.0093 

Vehicle 14 49.919971 3,565712 54.65 <.0001 

Residual 59 3.849572 0.065247     

Bag 2 CO Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 1.587517 1.587517 1.03 0.3137 

Vehicle 14 159.823935 11.415995 7.43 <.0001 

Residual 59 90.702389 1.537329     

Bag 3 CO Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.300416 0.300416 0.81 0.3719 

Vehicle 14 361.526163 25.823297 69.60 <.0001 

Residual 59 21.891528 0.371043     

Weighted CO Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.169914 0.169914 0.55 0.4607 

Vehicle 14 92.904519 6.636037 21.54 <.0001 

Residual 59 18.179326 0.308124     
 

Table B-8: Least Square Mean (LSM) Values for CO Emissions 

Bag 1 CO Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A 1.3700 3.9354 

B 1.2103 3.3545 

Bag 2 CO Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -0.9468 0.3880 

B -0.6447 0.5248 

Bag 3 CO Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -2.1658 0.1147 

B -2.0362 0.1305 

Weighted CO Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A -0.3141 0.7304 

B -0.2161 0.8057 
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Table B-9: ANOVA Analysis for CO2 Emissions 

Bag 1 CO2 Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.001872 0.001872 2.94 0.0915 

Vehicle 14 4.452670 0.318048 500.11 <.0001 

Residual 59 0.037521 0.000636     

Bag 2 CO2 Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.001417 0.001417 4.01 0.0499 

Vehicle 14 4.527215 0.323373 914.25 <.0001 

Residual 59 0.020868 0.000354     

Bag 3 CO2 Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000338 0.000338 0.89 0.3497 

Vehicle 14 4.835597 0.345400 909.07 <.0001 

Residual 59 0.022417 0.000380     

Weighted CO2 Emissions 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.001361 0.001361 4.39 0.0405 

Vehicle 14 4.527061 0.323362 1042.31 <.0001 

Residual 59 0.018304 0.000310     
 

Table B-10: Least Square Mean (LSM) Values for CO2 Emissions 

Bag 1 CO2 Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A 6.5694 712.9419 

B 6.5795 720.1791 

Bag 2 CO2 Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A 6.0222 412.4851 

B 6.0310 416.1310 

Bag 3 CO2 Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A 6.3020 545.6621 

B 6.3063 548.0135 

Weighted CO2 Emissions 

Fuel LSM (log transformed) LSM (back transformed) 

A 6.0800 437.0292 

B 6.0886 440.8039 
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Table B-11: ANOVA Analysis for Fuel Economy 

Bag 1 Fuel Economy 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000011643 0.000011643 2.57 0.1143 

Vehicle 14 0.030360 0.002169 478.43 <.0001 

Residual 59 0.000267 0.000004533     

Bag 2 Fuel Economy 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000003328 0.000003328 3.27 0.0756 

Vehicle 14 0.010254 0.000732 719.79 <.0001 

Residual 59 0.000060036 0.000001018     

Bag 3 Fuel Economy 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000000585 0.000000585 0.38 0.5392 

Vehicle 14 0.019175 0.001370 893.11 <.0001 

Residual 59 0.000090482 0.000001534     

Weighted Fuel Economy 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000003517 0.000003517 3.62 0.0620 

Vehicle 14 0.011512 0.000822 846.06 <.0001 

Residual 59 0.000057342 0.000000972     
 

Table B-12: Least Square Mean (LSM) Values for Fuel Economy 

Bag 1 Fuel Economy 

Fuel LSM (inverse scale) LSM (back transformed) 

A 0.08446 11.83992 

B 0.08525 11.73021 

Bag 2 Fuel Economy 

Fuel LSM (inverse scale) LSM (back transformed) 

A 0.04861 20.5719 

B 0.04904 20.39152 

Bag 3 Fuel Economy 

Fuel LSM (inverse scale) LSM (back transformed) 

A 0.05151 19.41371 

B 0.05194 19.25298 

Weighted Fuel Economy 

Fuel LSM (inverse scale) LSM (back transformed) 

A 0.05151 19.41371 

B 0.05194 19.25298 
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Table B-13: ANOVA Analysis for Benzene 

Bag 1 Benzene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.041845 0.041845 0.11 0.7367 
Vehicle 14 56.155870 4.011134 10.96 <.0001 
Residual 52 19.036651 0.366089   

Bag 2 Benzene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 1.332395 1.332395 1.94 0.1694 
Vehicle 14 37.432685 2.673763 3.90 0.0002 
Residual 52 35.678358 0.686122   

Bag 3 Benzene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000799 0.000799 0.00 0.9583 
Vehicle 14 10.090479 0.720748 2.49 0.0087 
Residual 52 15.033575 0.289107   

Weighted Benzene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.479102 0.479102 1.69 0.1995 
Vehicle 14 37.573371 2.683812 9.47 <.0001 
Residual 50 14.168827 0.283377   

 

Table B-14: Least Square Mean (LSM) Values for Benzene 

Bag 1 Benzene 

Fuel LSM (log transformed) LSM (back transformed) 

A 2.9294 18.7164 
B 2.9757 19.6033 

Bag 2 Benzene 

Fuel LSM (log transformed) LSM (back transformed) 

A -1.3476 0.1749 
B -1.0883 0.2518 

Bag 3 Benzene 

Fuel LSM (log transformed) LSM (back transformed) 

A 0.4138 1.5126 
B 0.3995 1.4911 

Weighted Benzene 

Fuel LSM (log transformed) LSM (back transformed) 

A 0.2923 1.3395 
B 0.4573 1.5798 
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Table B-15: ANOVA Analysis for 1,3-Butadiene 

Bag 1 1,3-Butadiene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.587573 0.587573 2.48 0.1214 
Vehicle 14 34.834047 2.488146 10.49 <.0001 
Residual 53 12.567123 0.237116   

Bag 2 1,3-Butadiene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.343203 0.343203 0.55 0.4628 
Vehicle 14 44.787834 3.199131 5.10 <.0001 
Residual 50 31.349426 0.626989   

Bag 3 1,3-Butadiene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.000697 0.000697 0.00 0.9809 
Vehicle 14 39.986485 2.856178 2.37 0.0128 
Residual 51 61.550723 1.206877   

Weighted 1,3-Butadiene 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.876384 0.876384 4.08 0.0490 
Vehicle 14 36.943600 2.638829 12.29 <.0001 
Residual 48 10.307766 0.214745   

Table B-16: Least Square Mean (LSM) Values for 1,3-Butadiene 

Bag 1 1,3-Butadiene 

Fuel LSM (log transformed) LSM (back transformed) 

A 0.5313 1.7011 
B 0.7121 2.0383 

Bag 2 1,3-Butadiene 

Fuel LSM (log transformed) LSM (back transformed) 

A -3.5094 0.0219 
B -3.3787 0.0261 

Bag 3 1,3-Butadiene 

Fuel LSM (log transformed) LSM (back transformed) 

A -1.9753 0.1307 
B -1.9947 0.1281 

Weighted 1,3-Butadiene 

Fuel LSM (log transformed) LSM (back transformed) 

A -2.0494 0.1288 
B -1.8152 0.1628 
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Table B-17: ANOVA Analysis for Formaldehyde 

Bag 1 Formaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean 

Squares 

F Value P-value 

Fuel 1 0.188762 0.188762 0.17 0.6859 
Vehicle 14 130.835161 9.345369 8.19 <.0001 
Residual 53 60.505043 1.141605   

Bag 2 Formaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean 

Squares 

F Value P-value 

Fuel 1 0.010139 0.010139 0.58 0.4501 
Vehicle 14 1.014292 0.072449 4.14 <.0001 
Residual 51 0.892572 0.017501   

Bag 3 Formaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean 

Squares 

F Value P-value 

Fuel 1 1.110985 1.110985 2.79 0.1010 
Vehicle 14 18.099748 1.298463 3.24 0.0010 
Residual 52 20.720074 0.398463   

Weighted Formaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean 

Squares 

F Value P-value 

Fuel 1 0.001578 0.001578 0.09 0.7595 
Vehicle 14 2.123880 0.151706 9.11 <.0001 
Residual 50 0.833043 0.016661   

Table B-18: Least Square Mean (LSM) Values for Formaldehyde 

Bag 1 Formaldehyde 

Fuel LSM  

A 2.9757 
B 3.0717 

Bag 2 Formaldehyde 

Fuel LSM  

A 0.1634 
B 0.1889 

Bag 3 Formaldehyde 

Fuel LSM  

A 0.7418 
B 0.4949 

Weighted Formaldehyde 

Fuel   LSM 

A 0.3527 
B 0.3627 
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Table B-19: ANOVA Analysis for Acetaldehyde 

Bag 1 Acetaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 2.747308 2.747308 0.40 0.5288 
Vehicle 14 562.735357 40.195390 5.88 <.0001 
Residual 53 362.311141 6.836059   

Bag 2 Acetaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.092270 0.092270 3.89 0.0541 
Vehicle 14 0.272428 0.019459 0.82 0.6451 
Residual 51 1.211093 0.023747   

Bag 3 Acetaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 1.435987 1.435987 1.27 0.2646 
Vehicle 14 31.137376 2,224098 1.97 0.0395 
Residual 52 58.720852 1.129247   

Weighted Acetaldehyde 

Source DF Type 3 Sum of 

Squares 

Mean Squares F Value P-value 

Fuel 1 0.065059 0.065059 1.43 0.2372 
Vehicle 14 2.241317 0.160094 3.52 0.0005 
Residual 50 2.272585 0.045452   

Table B-20: Least Square Mean (LSM) Values for Acetaldehyde 

Bag 1 Acetaldehyde  

Fuel LSM  

A 6.6251 
B 7.0104 

Bag 2 Acetaldehyde  

Fuel LSM  

A 0.1097 
B 0.0444 

Bag 3 Acetaldehyde  

Fuel LSM  

A 0.6561 
B 0.3861 

Weighted Acetaldehyde  

Fuel LSM  

A 0.4918 
B 0.4278 
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Appendix C. Individual Test Results for each Test Vehicle 

Vehicle A 
Regulated Emissions (g/mile) 

THC 

Test Number  Fuel Type  Bag 1  Bag 2 Bag 3 Weighted 

110304_0942 A 0.327 0.053 0.009 0.064 

110310_1350 A 0.333 0.046 0.009 0.059 

110308_1009 B 0.258 0.050 0.012 0.058 

110309_0836 B 0.215 0.044 0.002 0.050 

NMHC 

110304_0942 A 0.290 0.036 0.000 0.047 

110310_1350 A 0.294 0.028 0.001 0.040 

110308_1009 B 0.230 0.031 0.003 0.039 

110309_0836 B 0.184 0.029 0.000 0.035 

CO 

110304_0942 A 2.707 6.666 0.001 6.016 

110310_1350 A 3.151 8.031 0.010 7.231 

110308_1009 B 2.100 8.602 0.005 7.685 

110309_0836 B 1.680 6.280 0.007 5.612 

NOx 

110304_0942 A 0.124 0.027 0.140 0.039 

110310_1350 A 0.091 0.039 0.039 0.041 

110308_1009 B 0.192 0.031 0.141 0.047 

110309_0836 B 0.186 0.033 0.103 0.046 

CO2 

110304_0942 A 655 352 475 376 

110310_1350 A 620 362 488 384 

110308_1009 B 643 365 471 386 

110309_0836 B 610 355 452 375 

Fuel Economy 

110304_0942 A 13.3 24.3 18.5 22.8 

110310_1350 A 14.0 23.5 18.0 22.2 

110308_1009 B 13.6 23.3 18.7 22.1 

110309_0836 B 14.3 24.1 19.5 22.9 

Unregulated Emissions (mg/mile) 

1,3- Butadiene 

110304_0942 A 1.32 0.18 0.15 0.24 

110310_1350 A 1.35 0.23 0.14 0.29 

110308_1009 B 1.37 0.13 0.21 0.20 

110309_0836 B 1.44 0.24 0.58 0.33 

Benzene 

110304_0942 A 14.23 2.81 1.42 3.29 

110310_1350 A 15.69 1.49 1.06 2.20 

110308_1009 B 13.37 2.26 3.24 2.90 

110309_0836 B 16.17 5.02 3.16 5.46 

Formaldehyde 

110304_0942 A 1.88 0.13 0.67 0.26 

110310_1350 A 2.74 NA 0.00 NA 

110308_1009 B 2.86 0.21 0.00 0.33 

110309_0836 B 2.49 0.23 0.00 0.33 

Acetaldehyde 

110304_0942 A 4.81 0.24 0.00 0.46 

110310_1350 A 7.39 NA 0.00 NA 

110308_1009 B 5.95 0.14 0.00 0.43 

110309_0836 B 4.49 0.10 0.00 0.32 

 

 

 



 

C-2 

Vehicle B 
Regulated Emission (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110401_1547 A 0.261 0.015 0.033 0.029 

110407_0851 A 0.173 0.006 0.006 0.015 

110412_1059 A 0.229 0.009 0.007 0.021 

110413_0855 A 0.194 0.004 0.006 0.014 

110414_1129 A 0.206 0.004 0.006 0.015 

110405_0836 B 0.186 0.014 0.007 0.023 

110406_1049 B 0.175 0.026 0.008 0.032 

110415_0906 B 0.180 0.005 0.008 0.014 

NMHC 

110401_1547 A 0.244 0.013 0.027 0.026 

110407_0851 A 0.158 0.005 0.001 0.013 

110412_1059 A 0.212 0.008 0.002 0.018 

110413_0855 A 0.179 0.003 0.001 0.012 

110414_1129 A 0.193 0.004 0.001 0.013 

110405_0836 B 0.170 0.011 0.002 0.019 

110406_1049 B 0.162 0.021 0.002 0.027 

110415_0906 B 0.164 0.004 0.003 0.012 

CO 

110401_1547 A 0.966 0.452 0.002 0.448 

110407_0851 A 0.956 0.398 0.005 0.400 

110412_1059 A 1.517 0.677 0.006 0.675 

110413_0855 A 1.092 0.003 0.007 0.059 

110414_1129 A 0.747 0.008 0.007 0.046 

110405_0836 B 0.496 1.047 0.002 0.948 

110406_1049 B 0.386 1.816 0.006 1.618 

110415_0906 B 0.755 0.001 0.006 0.041 

NOx 

110401_1547 A 0.057 0.040 0.110 0.046 

110407_0851 A 0.047 0.025 0.099 0.031 

110412_1059 A 0.037 0.115 0.174 0.115 

110413_0855 A 0.044 0.012 0.156 0.023 

110414_1129 A 0.048 0.013 0.126 0.023 

110405_0836 B 0.046 0.046 0.142 0.053 

110406_1049 B 0.059 0.050 0.130 0.056 

110415_0906 B 0.111 0.046 0.194 0.059 

CO2 

110401_1547 A 503 301 371 316 

110407_0851 A 496 298 376 314 

110412_1059 A 516 306 377 322 

110413_0855 A 502 293 373 309 

110414_1129 A 515 311 393 327 

110405_0836 B 530 308 382 325 

110406_1049 B 509 304 381 320 

110415_0906 B 519 304 384 320 

Fuel Economy 

110401_1547 A 17.4 29.1 23.7 27.7 

110407_0851 A 17.7 29.4 23.4 28.0 

110412_1059 A 16.9 28.6 23.3 27.2 

110413_0855 A 17.4 30.0 23.6 28.5 

110414_1129 A 17.0 28.3 22.3 26.9 

110405_0836 B 16.6 28.4 23.0 27.0 

110406_1049 B 17.2 28.6 23.1 27.3 

110415_0906 B 16.9 29.0 22.9 27.5 
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Vehicle B (Continued)  
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110401_1547 A NA NA NA NA 

110407_0851 A NA NA NA NA 

110412_1059 A NA NA NA NA 

110413_0855 A 1.73 0.01 0.14 0.11 

110414_1129 A 0.64 0.04 0.03 0.07 

110405_0836 B 1.40 0.07 0.12 0.15 

110406_1049 B 1.65 0.09 0.11 0.17 

110415_0906 B 1.06 0.02 0.76 0.13 

Benzene 

110401_1547 A NA NA NA NA 

110407_0851 A NA NA NA NA 

110412_1059 A NA NA NA NA 

110413_0855 A 7.60 0.21 0.88 0.63 

110414_1129 A 9.71 0.21 0.91 0.75 

110405_0836 B 9.87 0.11 1.48 0.71 

110406_1049 B 4.16 0.09 0.33 0.32 

110415_0906 B 6.77 0.13 0.81 0.52 

Formaldehyde 

110401_1547 A NA NA NA NA 

110407_0851 A NA NA NA NA 

110412_1059 A NA NA NA NA 

110413_0855 A 2.99 0.13 1.64 0.38 

110414_1129 A 4.18 0.11 1.38 0.41 

110405_0836 B 5.15 0.23 0.81 0.52 

110406_1049 B 2.70 0.25 1.20 0.44 

110415_0906 B 4.74 0.12 0.86 0.41 

Acetaldehyde 

110401_1547 A NA NA NA NA 

110407_0851 A NA NA NA NA 

110412_1059 A NA NA NA NA 

110413_0855 A 9.64 0.00 2.58 0.67 

110414_1129 A 7.72 0.03 1.97 0.56 

110405_0836 B 10.02 0.21 1.55 0.81 

110406_1049 B 6.64 0.27 1.08 0.66 

110415_0906 B 7.27 0.08 1.66 0.56 
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Vehicle C 
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110315_1157 A 0.493 0.076 0.021 0.093 

110317_1005 A 0.498 0.070 0.019 0.088 

110316_0841 B 0.476 0.064 0.021 0.082 

110318_0917 B 0.517 0.073 0.019 0.092 

NMHC 

110304_0942 A 0.438 0.056 0.009 0.072 

110310_1350 A 0.444 0.052 0.009 0.068 

110308_1009 B 0.432 0.048 0.009 0.065 

110309_0836 B 0.468 0.054 0.007 0.072 

CO 

110304_0942 A 6.582 8.536 0.971 7.923 

110310_1350 A 6.057 8.032 0.731 7.440 

110308_1009 B 6.012 7.274 0.717 6.764 

110309_0836 B 6.443 8.401 0.706 7.781 

NOx 

110304_0942 A 0.129 0.027 0.005 0.031 

110310_1350 A 0.190 0.023 0.003 0.030 

110308_1009 B 0.139 0.030 0.005 0.034 

110309_0836 B 0.125 0.030 0.006 0.033 

CO2 

110304_0942 A 607 345 435 364 

110310_1350 A 620 344 427 363 

110308_1009 B 568 339 433 357 

110309_0836 B 572 340 423 357 

Fuel Economy 

110304_0942 A 14.2 24.5 20.2 23.3 

110310_1350 A 13.9 24.7 20.5 23.4 

110308_1009 B 15.2 25.1 20.3 23.9 

110309_0836 B 15.1 24.9 20.7 23.8 

Unregulated Emissions (mg/mile) 

1,3- Butadiene 

110304_0942 A 3.21 0.20 1.00 0.41 

110310_1350 A 2.58 0.08 0.42 0.23 

110308_1009 B NA NA NA NA 

110309_0836 B 2.19 0.29 0.18 0.38 

Benzene 

110304_0942 A 39.83 0.55 5.81 2.88 

110310_1350 A 39.38 0.31 4.36 2.55 

110308_1009 B NA NA NA NA 

110309_0836 B 35.02 3.21 2.89 4.80 

Formaldehyde 

110304_0942 A 2.02 0.21 0.00 0.29 

110310_1350 A 2.03 0.15 0.00 0.24 

110308_1009 B 1.89 0.17 0.00 0.25 

110309_0836 B 1.92 0.27 0.00 0.33 

Acetaldehyde 

110304_0942 A 7.03 0.46 0.00 0.76 

110310_1350 A 7.33 0.19 0.00 0.54 

110308_1009 B 6.61 0.05 0.00 0.38 

110309_0836 B 8.26 0.00 0.00 0.42 
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Vehicle D 
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110318_1542 A 0.509 0.063 0.053 0.086 

110323_0851 A 0.624 0.070 0.050 0.097 

110324_1053 A 0.679 0.075 0.055 0.105 

110316_1031 B 0.768 0.062 0.062 0.099 

110322_1048 B 0.635 0.066 0.053 0.095 

NMHC 

110318_1542 A 0.411 0.029 0.019 0.049 

110323_0851 A 0.501 0.032 0.015 0.055 

110324_1053 A 0.552 0.035 0.019 0.061 

110316_1031 B 0.634 0.028 0.023 0.060 

110322_1048 B 0.519 0.030 0.015 0.055 

CO 

110318_1542 A 6.904 3.351 1.508 3.411 

110323_0851 A 9.138 2.642 1.156 2.875 

110324_1053 A 9.068 2.765 1.216 2.989 

110316_1031 B 10.311 2.485 1.664 2.839 

110322_1048 B 7.533 2.843 1.413 2.992 

NOx 

110318_1542 A 0.178 0.092 0.017 0.091 

110323_0851 A 0.189 0.065 0.002 0.067 

110324_1053 A 0.174 0.076 0.005 0.076 

110316_1031 B 0.249 0.073 0.013 0.078 

110322_1048 B 0.214 0.070 0.003 0.073 

CO2 

110318_1542 A 995 636 792 665 

110323_0851 A 985 611 810 644 

110324_1053 A 985 602 801 636 

110316_1031 B 993 614 809 647 

110322_1048 B 1024 621 805 654 

Fuel Economy 

110318_1542 A 8.7 13.7 11.1 13.1 

110323_0851 A 8.8 14.3 10.8 13.5 

110324_1053 A 8.8 14.5 10.9 13.7 

110316_1031 B 8.7 14.2 10.8 13.5 

110322_1048 B 8.5 14.1 10.9 13.3 
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Vehicle D (Continued) 
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110318_1542 A NA NA NA NA 

110323_0851 A 1.77 0.05 0.41 0.16 

110324_1053 A 4.31 0.11 0.42 0.35 

110316_1031 B 4.57 0.13 0.17 0.36 

110322_1048 B 3.66 0.00 0.41 0.22 

Benzene 

110318_1542 A NA NA NA NA 

110323_0851 A 52.86 1.11 2.85 3.89 

110324_1053 A 54.80 0.65 2.49 3.60 

110316_1031 B 99.75 0.32 2.03 5.64 

110322_1048 B 82.78 2.70 2.65 6.90 

Formaldehyde 

110318_1542 A NA NA NA NA 

110323_0851 A 3.52 0.24 0.00 0.39 

110324_1053 A 3.79 0.36 0.00 0.51 

110316_1031 B 3.09 0.24 0.00 0.37 

110322_1048 B 4.74 0.29 0.00 0.51 

Acetaldehyde 

110318_1542 A NA NA NA NA 

110323_0851 A 9.26 0.00 0.00 0.48 

110324_1053 A 7.31 0.00 0.00 0.38 

110316_1031 B 8.60 0.00 0.00 0.45 

110322_1048 B 10.12 0.00 0.00 0.53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C-7 

Vehicle E 
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110413_1025 A 0.327 0.006 0.006 0.023 

110419_1219 A 0.317 0.003 0.007 0.019 

110420_1101 A 0.311 0.002 0.006 0.018 

110407_1216 B 0.330 0.008 0.008 0.025 

110414_0924 B 0.478 0.004 0.005 0.029 

110415_1134 B 0.279 0.006 0.006 0.020 

NMHC 

110413_1025 A 0.294 0.004 0.001 0.019 

110419_1219 A 0.281 0.002 0.001 0.016 

110420_1101 A 0.277 0.001 0.000 0.015 

110407_1216 B 0.293 0.005 0.002 0.020 

110414_0924 B 0.433 0.003 0.000 0.025 

110415_1134 B 0.252 0.004 0.002 0.017 

CO 

110413_1025 A 1.958 0.358 0.003 0.416 

110419_1219 A 1.991 0.004 0.007 0.107 

110420_1101 A 2.136 0.002 0.004 0.110 

110407_1216 B 1.713 0.551 0.006 0.573 

110414_0924 B 3.513 0.216 0.003 0.370 

110415_1134 B 1.579 0.151 0.005 0.215 

NOx 

110413_1025 A 0.014 0.017 0.109 0.023 

110419_1219 A 0.014 0.015 0.043 0.017 

110420_1101 A 0.012 0.015 0.025 0.015 

110407_1216 B 0.017 0.027 0.115 0.032 

110414_0924 B 0.012 0.011 0.020 0.012 

110415_1134 B 0.013 0.019 0.025 0.019 

CO2 

110413_1025 A 784 450 579 476 

110419_1219 A 782 431 564 458 

110420_1101 A 783 433 574 461 

110407_1216 B 793 458 615 486 

110414_0924 B 815 461 603 489 

110415_1134 B 778 446 573 472 

Fuel Economy 

110413_1025 A 11.2 19.5 15.2 18.5 

110419_1219 A 11.2 20.4 15.6 19.2 

110420_1101 A 11.2 20.3 15.3 19.1 

110407_1216 B 11.0 19.2 14.3 18.1 

110414_0924 B 10.7 19.1 14.6 18.0 

110415_1134 B 11.3 19.7 15.3 18.6 
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Vehicle E (Continued) 
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110413_1025 A 1.00 0.04 0.07 0.09 

110419_1219 A 1.82 0.00 0.04 0.10 

110420_1101 A 1.57 0.01 0.09 0.09 

110407_1216 B 1.96 0.03 0.30 0.15 

110414_0924 B NA NA NA NA 

110415_1134 B 1.72 0.04 0.11 0.13 

Benzene 

110413_1025 A 23.86 0.11 0.93 1.39 

110419_1219 A 16.52 0.03 0.74 0.93 

110420_1101 A 15.27 0.27 1.71 1.13 

110407_1216 B 19.40 0.24 0.85 1.26 

110414_0924 B NA NA NA NA 

110415_1134 B 16.04 0.32 0.82 1.17 

Formaldehyde 

110413_1025 A 2.08 0.16 0.00 0.24 

110419_1219 A 2.42 0.17 0.00 0.27 

110420_1101 A 1.27 0.00 0.67 0.11 

110407_1216 B 1.31 0.05 0.00 0.11 

110414_0924 B NA NA NA NA 

110415_1134 B 2.00 0.00 0.77 0.16 

Acetaldehyde 

110413_1025 A 2.64 0.84 0.00 0.87 

110419_1219 A 5.73 0.00 0.00 0.29 

110420_1101 A 6.11 0.00 0.00 0.31 

110407_1216 B 5.55 0.00 0.00 0.28 

110414_0924 B NA NA NA NA 

110415_1134 B 7.36 0.00 0.00 0.38 
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Vehicle F 
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110505_1242 A 0.731 0.013 0.033 0.051 

110506_0915 A 0.659 0.017 0.028 0.051 

110517_0806 A 0.810 0.012 0.027 0.054 

110503_0835 B 0.637 0.008 0.019 0.041 

110512_1010 B 0.623 0.011 0.054 0.046 

NMHC 

110505_1242 A 0.631 0.007 0.012 0.040 

110506_0915 A 0.553 0.008 0.011 0.037 

110517_0806 A 0.700 0.006 0.007 0.042 

110503_0835 B 0.554 0.004 0.007 0.033 

110512_1010 B 0.529 0.004 0.032 0.033 

CO 

110505_1242 A 8.090 0.181 0.598 0.618 

110506_0915 A 7.860 0.173 0.249 0.578 

110517_0806 A 7.408 0.185 0.392 0.572 

110503_0835 B 6.146 0.212 0.368 0.528 

110512_1010 B 6.935 0.195 0.721 0.584 

NOx 

110505_1242 A 0.159 0.017 0.004 0.024 

110506_0915 A 0.156 0.030 0.010 0.035 

110517_0806 A 0.181 0.013 0.001 0.021 

110503_0835 B 0.187 0.010 0.005 0.019 

110512_1010 B 0.138 0.013 -0.002 0.019 

CO2 

110505_1242 A 978 526 689 560 

110506_0915 A 953 529 682 561 

110517_0806 A 984 524 692 559 

110503_0835 B 970 533 678 566 

110512_1010 B 914 499 666 532 

Fuel Economy 

110505_1242 A 8.9 16.7 12.7 15.7 

110506_0915 A 9.1 16.6 12.9 15.6 

110517_0806 A 8.8 16.8 12.7 15.7 

110503_0835 B 9.0 16.5 13.0 15.5 

110512_1010 B 9.5 17.6 13.2 16.5 
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Vehicle F (Continued)  
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110505_1242 A 6.09 0.01 0.23 0.34 

110506_0915 A 5.54 0.00 0.14 0.30 

110517_0806 A 13.25 0.01 3.30 0.91 

110503_0835 B 15.62 0.17 0.16 0.97 

110512_1010 B 7.01 0.00 1.74 0.49 

Benzene 

110505_1242 A 31.99 0.44 2.60 2.21 

110506_0915 A 16.70 0.00 2.01 1.01 

110517_0806 A 45.07 0.38 2.17 2.81 

110503_0835 B 53.45 0.14 1.06 2.94 

110512_1010 B 9.12 0.00 5.04 0.82 

Formaldehyde 

110505_1242 A 2.53 NA 0.00 NA 

110506_0915 A 6.87 0.00 0.80 0.41 

110517_0806 A 6.69 0.22 0.00 0.54 

110503_0835 B NA NA NA NA 

110512_1010 B 4.67 0.52 0.00 0.71 

Acetaldehyde 

110505_1242 A 1.95 NA 0.00 NA 

110506_0915 A 12.05 0.00 3.47 0.86 

110517_0806 A 9.14 0.00 0.00 0.47 

110503_0835 B NA NA NA NA 

110512_1010 B 7.64 0.00 0.00 0.40 
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Vehicle G  
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110426_1027 A 0.240 0.002 0.005 0.014 

110428_0910 A 0.177 0.002 0.006 0.011 

110429_0945 A 0.209 0.002 0.006 0.013 

110420_0940 B 0.206 0.002 0.005 0.012 

110422_0833 B 0.197 0.001 0.005 0.012 

NMHC 

110426_1027 A 0.217 0.001 0.001 0.013 

110428_0910 A 0.157 0.001 0.001 0.009 

110429_0945 A 0.187 0.002 0.001 0.011 

110420_0940 B 0.185 0.001 0.001 0.011 

110422_0833 B 0.175 0.002 0.001 0.010 

CO 

110426_1027 A 1.118 0.104 0.008 0.150 

110428_0910 A 1.101 0.119 0.015 0.163 

110429_0945 A 1.234 0.136 0.032 0.184 

110420_0940 B 0.959 0.126 0.027 0.161 

110422_0833 B 1.206 0.108 0.011 0.158 

NOx 

110426_1027 A 0.128 0.006 0.063 0.016 

110428_0910 A 0.105 0.005 0.034 0.012 

110429_0945 A 0.108 0.005 0.033 0.012 

110420_0940 B 0.098 0.005 0.036 0.012 

110422_0833 B 0.121 0.004 0.034 0.012 

CO2 

110426_1027 A 795 433 607 464 

110428_0910 A 818 446 588 475 

110429_0945 A 819 445 632 476 

110420_0940 B 817 452 587 480 

110422_0833 B 835 457 604 487 

Fuel Economy 

110426_1027 A 11.0 20.3 14.5 19.0 

110428_0910 A 10.7 19.7 15.0 18.5 

110429_0945 A 10.7 19.8 13.9 18.4 

110420_0940 B 10.7 19.5 15.0 18.3 

110422_0833 B 10.5 19.2 14.6 18.1 
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Vehicle G (Continued) 
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110426_1027 A 2.30 0.04 0.43 0.18 

110428_0910 A 0.95 0.03 0.08 0.08 

110429_0945 A 2.73 0.00 0.05 0.14 

110420_0940 B 1.46 0.11 0.06 0.18 

110422_0833 B 3.08 0.00 0.04 0.16 

Benzene 

110426_1027 A 13.33 0.05 1.32 0.82 

110428_0910 A 10.20 0.10 1.12 0.69 

110429_0945 A 13.01 0.00 0.74 0.72 

110420_0940 B 13.68 0.11 2.10 0.94 

110422_0833 B 8.89 0.14 0.97 0.65 

Formaldehyde 

110426_1027 A 2.63 0.00 0.00 0.14 

110428_0910 A 2.91 0.00 2.32 0.31 

110429_0945 A 2.39 0.13 0.00 0.24 

110420_0940 B 2.37 0.00 0.00 0.12 

110422_0833 B 1.76 0.00 0.00 0.09 

Acetaldehyde 

110426_1027 A 6.17 0.00 0.00 0.32 

110428_0910 A 3.77 0.00 0.24 0.21 

110429_0945 A 5.92 0.20 0.00 0.47 

110420_0940 B 5.06 0.00 0.00 0.26 

110422_0833 B 5.25 0.00 0.00 0.27 
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Vehicle H 
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110422_1031 A 12,312 0.435 0.023 0.029 

110426_0831 A 12,334 0.380 0.032 0.024 

110429_0826 A 12,455 0.372 0.023 0.037 

110421_0836 B 12,256 0.421 0.014 0.017 

110427_1221 B 12,389 0.442 0.029 0.048 

110428_1218 B 12,400 0.449 0.028 0.027 

NMHC 

110422_1031 A 0.356 0.017 0.011 0.034 

110426_0831 A 0.305 0.023 0.008 0.036 

110429_0826 A 0.297 0.017 0.017 0.031 

110421_0836 B 0.345 0.010 0.005 0.027 

110427_1221 B 0.371 0.023 0.032 0.041 

110428_1218 B 0.376 0.021 0.011 0.039 

CO 

110422_1031 A 7.760 1.208 1.260 1.546 

110426_0831 A 6.106 1.598 1.540 1.828 

110429_0826 A 6.483 1.279 1.747 1.579 

110421_0836 B 7.195 1.282 1.116 1.574 

110427_1221 B 6.852 1.402 1.763 1.709 

110428_1218 B 7.091 1.426 1.435 1.722 

NOx 

110422_1031 A 0.056 0.016 0.003 0.017 

110426_0831 A 0.049 0.027 0.000 0.026 

110429_0826 A 0.054 0.015 0.002 0.017 

110421_0836 B 0.096 0.005 0.001 0.010 

110427_1221 B 0.061 0.006 0.002 0.009 

110428_1218 B 0.068 0.026 0.002 0.026 

CO2 

110422_1031 A 915 531 735 564 

110426_0831 A 892 543 741 574 

110429_0826 A 874 543 747 574 

110421_0836 B 955 558 753 592 

110427_1221 B 926 552 739 584 

110428_1218 B 933 543 731 576 

Fuel Economy 

110422_1031 A 9.5 16.5 11.9 15.5 

110426_0831 A 9.7 16.1 11.8 15.2 

110429_0826 A 9.9 16.1 11.7 15.2 

110421_0836 B 9.1 15.7 11.7 14.8 

110427_1221 B 9.4 15.9 11.9 15.0 

110428_1218 B 9.3 16.1 12.0 15.2 
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Vehicle H (Continued) 
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110422_1031 A 2.75 0.02 0.66 0.21 

110426_0831 A 1.83 0.14 0.17 0.23 

110429_0826 A 3.99 0.04 0.30 0.26 

110421_0836 B 2.37 0.09 0.15 0.21 

110427_1221 B 2.63 0.16 0.03 0.28 

110428_1218 B 5.69 0.19 0.36 0.49 

Benzene 

110422_1031 A 12.51 0.04 1.31 0.76 

110426_0831 A 32.11 1.49 2.57 3.16 

110429_0826 A 11.73 0.07 0.55 0.71 

110421_0836 B 37.33 0.49 0.89 2.41 

110427_1221 B 40.01 1.64 0.65 3.56 

110428_1218 B 43.29 1.02 3.30 3.38 

Formaldehyde 

110422_1031 A 4.72 0.30 1.81 0.62 

110426_0831 A 5.19 0.19 1.06 0.51 

110429_0826 A 4.80 0.12 0.00 0.35 

110421_0836 B 3.39 0.41 0.00 0.54 

110427_1221 B 5.44 0.05 1.09 0.39 

110428_1218 B 5.45 0.39 0.00 0.63 

Acetaldehyde 

110422_1031 A 9.26 0.37 0.00 0.79 

110426_0831 A 8.69 0.00 3.23 0.67 

110429_0826 A 9.05 0.00 0.00 0.47 

110421_0836 B 7.52 0.00 0.00 0.39 

110427_1221 B 9.28 0.00 2.63 0.66 

110428_1218 B 9.78 0.40 0.00 0.86 
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Vehicle I  
Regulated Emissions 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110504_1035 A 0.455 0.016 0.028 0.039 

110505_0759 A 0.384 0.015 0.025 0.034 

110524_0802 A 0.604 0.018 0.032 0.049 

110517_1036 B 0.524 0.015 0.025 0.042 

110518_1136 B 0.508 0.017 0.022 0.042 

110519_1024 B 0.564 0.017 0.020 0.046 

NMHC 

110504_1035 A 0.397 0.008 0.012 0.028 

110505_0759 A 0.332 0.007 0.008 0.023 

110524_0802 A 0.542 0.009 0.013 0.036 

110517_1036 B 0.462 0.007 0.008 0.030 

110518_1136 B 0.447 0.008 0.007 0.030 

110519_1024 B 0.499 0.008 0.005 0.034 

CO 

110504_1035 A 5.629 0.855 1.015 1.104 

110505_0759 A 5.049 0.683 1.136 0.934 

110524_0802 A 5.853 0.931 1.240 1.206 

110517_1036 B 4.687 0.923 1.372 1.145 

110518_1136 B 5.198 0.906 0.996 1.129 

110519_1024 B 5.593 0.961 0.856 1.195 

NOx 

110504_1035 A 0.080 0.138 0.008 0.126 

110505_0759 A 0.044 0.015 0.004 0.016 

110524_0802 A 0.042 0.009 0.002 0.010 

110517_1036 B 0.064 0.006 0.004 0.009 

110518_1136 B 0.078 0.012 0.002 0.015 

110519_1024 B 0.070 0.011 0.001 0.014 

CO2 

110504_1035 A 710 464 541 481 

110505_0759 A 662 444 525 460 

110524_0802 A 659 433 517 451 

110517_1036 B 732 449 534 470 

110518_1136 B 722 441 534 462 

110519_1024 B 688 444 542 463 

Fuel Economy 

110504_1035 A 12.2 18.9 16.2 18.2 

110505_0759 A 13.1 19.8 16.7 19.0 

110524_0802 A 13.1 20.2 17.0 19.4 

110517_1036 B 11.9 19.5 16.4 18.7 

110518_1136 B 12.0 19.9 16.4 19.0 

110519_1024 B 12.6 19.7 16.2 18.9 
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Vehicle I (Continued) 
Unregulated Emissions 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110504_1035 A 1.61 0.02 0.09 0.10 

110505_0759 A 1.60 0.00 0.00 0.08 

110524_0802 A 2.69 0.00 0.39 0.17 

110517_1036 B 4.33 0.00 0.31 0.24 

110518_1136 B 1.63 0.00 0.00 0.08 

110519_1024 B 2.49 0.00 0.00 0.13 

Benzene 

110504_1035 A 36.54 1.00 2.71 2.89 

110505_0759 A 30.95 0.03 1.65 1.70 

110524_0802 A 62.67 0.61 0.97 3.84 

110517_1036 B 44.04 0.11 3.16 2.56 

110518_1136 B 43.73 0.08 0.43 2.31 

110519_1024 B 62.69 0.00 1.59 3.37 

Formaldehyde 

110504_1035 A 3.33 0.15 2.55 0.47 

110505_0759 A 2.59 0.00 0.58 0.17 

110524_0802 A 2.47 0.23 1.14 0.41 

110517_1036 B 3.92 0.26 1.21 0.51 

110518_1136 B 2.90 0.52 0.00 0.61 

110519_1024 B 3.52 0.59 0.00 0.70 

Acetaldehyde 

110504_1035 A 7.64 0.33 6.26 1.10 

110505_0759 A 7.21 0.00 0.48 0.40 

110524_0802 A 5.85 0.00 0.00 0.30 

110517_1036 B 5.99 0.00 0.00 0.30 

110518_1136 B 6.21 0.00 0.00 0.31 

110519_1024 B 6.21 0.00 0.00 0.32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C-17 

 

 

Vehicle J  
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110518_0953 A 0.425 0.031 0.027 0.050 

110525_0800 A 0.368 0.020 0.027 0.039 

110519_0854 B 0.404 0.016 0.021 0.036 

110520_0845 B 0.398 0.025 0.022 0.044 

NMHC 

110518_0953 A 0.352 0.019 0.007 0.035 

110525_0800 A 0.304 0.011 0.006 0.025 

110519_0854 B 0.334 0.009 0.006 0.025 

110520_0845 B 0.335 0.014 0.006 0.030 

CO 

110518_0953 A 6.060 0.248 0.242 0.544 

110525_0800 A 4.979 0.199 0.174 0.443 

110519_0854 B 4.678 0.156 0.209 0.388 

110520_0845 B 4.803 0.196 0.115 0.426 

NOx 

110518_0953 A 0.080 0.022 0.018 0.025 

110525_0800 A 0.076 0.018 0.009 0.021 

110519_0854 B 0.075 0.019 0.010 0.021 

110520_0845 B 0.065 0.020 0.005 0.022 

CO2 

110518_0953 A 740 402 551 429 

110525_0800 A 732 407 557 434 

110519_0854 B 754 398 567 428 

110520_0845 B 758 407 575 436 

Fuel Economy 

110518_0953 A 11.7 21.9 15.9 20.4 

110525_0800 A 11.9 21.6 15.8 20.2 

110519_0854 B 11.5 22.1 15.5 20.5 

110520_0845 B 11.5 21.6 15.3 20.1 

Unregulated Emissions (mg/mile) 

1,3- Butadiene 

110518_0953 A 1.68 0.02 0.08 0.11 

110525_0800 A 1.07 0.01 0.05 0.07 

110519_0854 B 2.75 0.01 0.10 0.15 

110520_0845 B 1.46 NA 0.14 NA 

Benzene 

110518_0953 A NA 0.04 1.25 NA 

110525_0800 A 29.70 0.03 1.64 1.67 

110519_0854 B 32.32 0.00 0.65 1.68 

110520_0845 B 36.17 1.35 1.60 3.15 

Formaldehyde 

110518_0953 A 4.99 0.38 2.02 0.73 

110525_0800 A 4.89 0.63 1.67 0.92 

110519_0854 B 5.03 0.30 1.44 0.61 

110520_0845 B 4.84 0.53 1.51 0.82 

Acetaldehyde 

110518_0953 A 10.57 0.00 1.26 0.62 

110525_0800 A 6.70 0.00 2.51 0.52 

110519_0854 B 10.87 0.00 3.18 0.77 

110520_0845 B 11.05 0.08 1.38 0.73 
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Vehicle K  
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110609_1332 A 0.428 0.007 0.024 0.030 

110616_1354 A 0.432 0.006 0.022 0.029 

110610_1055 B 0.441 0.010 0.014 0.032 

110622_1521 B 0.375 0.005 0.020 0.025 

NMHC 

110609_1332 A 0.378 0.004 0.008 0.024 

110616_1354 A 0.387 0.004 0.008 0.024 

110610_1055 B 0.397 0.008 0.002 0.028 

110622_1521 B 0.334 0.002 0.004 0.019 

CO 

110609_1332 A 7.975 0.245 1.097 0.702 

110616_1354 A 6.407 0.128 0.642 0.486 

110610_1055 B 6.761 0.216 0.729 0.588 

110622_1521 B 5.636 0.186 0.855 0.511 

NOx 

110609_1332 A 0.064 0.001 0.001 0.004 

110616_1354 A 0.086 0.001 0.001 0.005 

110610_1055 B 0.100 0.000 0.001 0.005 

110622_1521 B 0.068 0.000 0.002 0.004 

CO2 

110609_1332 A 574 336 470 358 

110616_1354 A 571 326 448 347 

110610_1055 B 588 342 461 362 

110622_1521 B 577 327 455 348 

Fuel Economy 

110609_1332 A 15.0 26.1 18.6 24.5 

110616_1354 A 15.0 26.9 19.3 25.2 

110610_1055 B 14.7 25.7 19.1 24.2 

110622_1521 B 15.1 26.9 19.6 25.3 

Unregulated Emissions (mg/mile) 

1,3- Butadiene 

110609_1332 A 1.75 0.01 0.26 0.12 

110616_1354 A 1.42 0.02 0.05 0.09 

110610_1055 B 0.69 0.02 0.43 0.08 

110622_1521 B 1.50 0.02 0.12 0.11 

Benzene 

110609_1332 A 33.81 0.03 1.05 1.84 

110616_1354 A 24.50 0.05 2.39 1.47 

110610_1055 B 38.19 0.01 2.48 2.15 

110622_1521 B 32.87 0.24 2.42 2.06 

Formaldehyde 

110609_1332 A 2.80 0.60 1.02 0.74 

110616_1354 A 1.08 0.23 0.79 0.32 

110610_1055 B 2.03 0.32 0.91 0.44 

110622_1521 B 1.43 0.00 1.50 0.18 

Acetaldehyde 

110609_1332 A 6.62 0.00 0.00 0.34 

110616_1354 A 5.26 0.28 0.00 0.52 

110610_1055 B 7.20 0.00 0.00 0.37 

110622_1521 B 6.30 0.00 0.00 0.32 

 

 

 

 



 

C-19 

Vehicle L 
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110712_1154 A 0.231 0.003 0.008 0.015 

110714_0914 A 0.257 0.003 0.006 0.016 

110713_1014 B 0.235 0.003 0.006 0.015 

110715_1048 B 0.234 0.000 0.029 0.014 

NMHC 

110712_1154 A 0.206 0.002 0.003 0.013 

110714_0914 A 0.230 0.002 0.002 0.014 

110713_1014 B 0.213 0.002 0.002 0.013 

110715_1048 B 0.211 0.000 0.025 0.013 

CO 

110712_1154 A 1.640 0.203 0.168 0.275 

110714_0914 A 1.729 0.209 0.237 0.290 

110713_1014 B 1.041 0.256 0.194 0.293 

110715_1048 B 1.104 0.176 0.153 0.223 

NOx 

110712_1154 A 0.052 0.003 0.002 0.005 

110714_0914 A 0.057 0.001 0.005 0.005 

110713_1014 B 0.048 0.002 0.003 0.004 

110715_1048 B 0.065 0.002 0.004 0.005 

CO2 

110712_1154 A 511 280 377 299 

110714_0914 A 504 279 373 297 

110713_1014 B 493 283 385 301 

110715_1048 B 492 278 374 296 

Fuel Economy 

110712_1154 A 17.1 31.3 23.3 29.4 

110714_0914 A 17.3 31.5 23.5 29.6 

110713_1014 B 17.8 31.0 22.8 29.2 

110715_1048 B 17.8 31.6 23.5 29.6 

Unregulated Emissions (mg/mile) 

1,3- Butadiene 

110712_1154 A 2.03 0.03 0.04 0.14 

110714_0914 A 0.39 0.00 0.02 0.02 

110713_1014 B 2.94 0.01 NA NA 

110715_1048 B 0.40 0.01 0.39 0.06 

Benzene 

110712_1154 A 21.23 0.08 2.58 1.35 

110714_0914 A 0.87 0.02 0.71 0.11 

110713_1014 B 1.07 0.10 1.61 0.25 

110715_1048 B 0.69 0.06 1.07 0.16 

Formaldehyde 

110712_1154 A 1.65 0.00 0.30 0.11 

110714_0914 A 1.20 0.00 0.00 0.06 

110713_1014 B 0.00 0.00 0.00 0.00 

110715_1048 B 0.12 0.00 0.00 0.01 

Acetaldehyde 

110712_1154 A 4.22 0.00 0.98 0.29 

110714_0914 A 2.39 0.17 0.00 0.27 

110713_1014 B 0.00 0.00 0.00 0.00 

110715_1048 B 1.28 0.00 0.00 0.07 

 

 

 

 



 

C-20 

Vehicle M 
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110617_1326 A 0.366 0.015 0.014 0.033 

110622_1150 A 0.256 0.020 0.009 0.031 

110615_1421 B 0.426 0.019 0.010 0.040 

110623_1038 B 0.522 0.020 0.013 0.045 

110624_0938 B 0.324 0.021 0.010 0.036 

NMHC 

110617_1326 A 0.304 0.013 0.006 0.027 

110622_1150 A 0.214 0.016 0.001 0.025 

110615_1421 B 0.383 0.015 0.004 0.033 

110623_1038 B 0.443 0.016 0.003 0.037 

110624_0938 B 0.266 0.016 0.003 0.028 

CO 

110617_1326 A 6.181 0.400 0.135 0.676 

110622_1150 A 2.695 0.479 0.100 0.566 

110615_1421 B 2.165 0.458 0.269 0.532 

110623_1038 B 9.879 0.527 0.284 0.984 

110624_0938 B 5.035 0.598 0.194 0.797 

NOx 

110617_1326 A 0.734 0.007 0.014 0.044 

110622_1150 A 0.624 0.016 0.014 0.046 

110615_1421 B 1.137 0.007 0.001 0.065 

110623_1038 B 0.579 0.006 0.030 0.037 

110624_0938 B 0.660 0.009 0.005 0.042 

CO2 

110617_1326 A 880 507 698 539 

110622_1150 A 876 497 700 530 

110615_1421 B 879 518 703 549 

110623_1038 B 875 497 687 529 

110624_0938 B 855 502 700 533 

Fuel Economy 

110617_1326 A 9.9 17.3 12.6 16.3 

110622_1150 A 10.0 17.6 12.6 16.6 

110615_1421 B 10.0 16.9 12.5 16.0 

110623_1038 B 9.9 17.7 12.8 16.6 

110624_0938 B 10.2 17.5 12.6 16.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C-21 

Vehicle M (Continued) 
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110617_1326 A 3.35 0.01 0.28 0.20 

110622_1150 A 1.95 0.03 0.43 0.15 

110615_1421 B 4.97 0.02 0.12 0.28 

110623_1038 B 2.14 NA 0.05 NA 

110624_0938 B 3.40 0.00 NA NA 

Benzene 

110617_1326 A 16.88 0.04 0.74 0.94 

110622_1150 A 12.45 0.06 0.69 0.73 

110615_1421 B 18.14 0.00 1.28 1.02 

110623_1038 B 42.89 0.04 3.48 2.44 

110624_0938 B 53.36 1.52 NA NA 

Formaldehyde 

110617_1326 A 2.71 0.01 0.65 0.19 

110622_1150 A 2.28 0.02 1.31 0.22 

110615_1421 B 7.40 0.16 0.00 0.52 

110623_1038 B 2.84 0.00 NA NA 

110624_0938 B 2.69 0.00 1.35 0.23 

Acetaldehyde 

110617_1326 A 4.91 0.43 0.00 0.63 

110622_1150 A 7.07 0.19 0.00 0.52 

110615_1421 B 10.44 0.00 0.00 0.53 

110623_1038 B 6.13 0.00 NA NA 

110624_0938 B 5.29 0.03 0.00 0.29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C-22 

 

Vehicle N  
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110622_0949 A 0.545 0.013 0.016 0.041 

110628_1351 A 0.628 0.018 0.021 0.049 

110629_0849 A 0.605 0.015 0.018 0.046 

110623_0853 B 0.482 0.010 0.014 0.035 

110630_1000 B 0.608 0.008 0.012 0.040 

NMHC 

110622_0949 A 0.467 0.008 0.007 0.031 

110628_1351 A 0.542 0.011 0.011 0.038 

110629_0849 A 0.530 0.009 0.010 0.036 

110623_0853 B 0.413 0.005 0.007 0.026 

110630_1000 B 0.531 0.004 0.005 0.032 

CO 

110622_0949 A 9.959 0.487 0.039 0.946 

110628_1351 A 10.634 0.586 0.079 1.070 

110629_0849 A 9.184 0.571 0.001 0.981 

110623_0853 B 8.039 0.419 0.030 0.786 

110630_1000 B 9.118 0.500 0.056 0.917 

NOx 

110622_0949 A 0.047 0.008 0.001 0.010 

110628_1351 A 0.041 0.021 0.001 0.021 

110629_0849 A 0.037 0.016 0.013 0.017 

110623_0853 B 0.065 0.006 0.001 0.009 

110630_1000 B 0.079 0.013 0.001 0.016 

CO2 

110622_0949 A 949 554 732 586 

110628_1351 A 961 563 733 595 

110629_0849 A 947 549 742 583 

110623_0853 B 954 558 737 591 

110630_1000 B 976 576 756 609 

Fuel Economy 

110622_0949 A 9.1 15.9 12.0 15.0 

110628_1351 A 9.0 15.6 12.0 14.7 

110629_0849 A 9.1 16.0 11.8 15.0 

110623_0853 B 9.1 15.7 11.9 14.9 

110630_1000 B 8.9 15.3 11.6 14.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C-23 

Vehicle N (Continued) 
Unregulated Emissions (mg/mile) 

1,3- Butadiene 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110622_0949 A 1.55 0.04 0.10 0.12 

110628_1351 A 2.17 0.01 0.03 0.13 

110629_0849 A 2.99 0.00 0.07 0.16 

110623_0853 B 2.26 0.01 0.10 0.13 

110630_1000 B 2.69 0.01 0.22 0.17 

Benzene 

110622_0949 A 47.35 0.02 2.32 2.62 

110628_1351 A 46.25 0.10 1.96 2.61 

110629_0849 A 42.08 0.07 2.78 2.45 

110623_0853 B 42.71 0.00 1.43 2.31 

110630_1000 B 49.83 0.02 0.97 2.67 

Formaldehyde 

110622_0949 A 4.88 0.11 2.07 0.49 

110628_1351 A 2.31 0.00 1.72 0.24 

110629_0849 A 3.05 0.24 0.00 0.37 

110623_0853 B 6.57 0.10 3.03 0.64 

110630_1000 B 3.03 0.00 0.56 0.20 

Acetaldehyde 

110622_0949 A 15.55 0.00 0.84 0.86 

110628_1351 A 9.05 0.00 0.00 0.47 

110629_0849 A 8.34 0.00 0.00 0.43 

110623_0853 B 24.64 0.08 1.99 1.48 

110630_1000 B 6.22 0.00 0.00 0.32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C-24 

 

 

Vehicle O  
Regulated Emissions (g/mile) 

THC 

Test Number Fuel Type Bag 1 Bag 2 Bag 3 Weighted 

110712_1006 A 0.114 0.003 0.002 0.008 

110715_0931 A 0.134 0.002 0.003 0.009 

110713_1207 B 0.076 0.002 0.003 0.005 

110714_1215 B 0.118 0.002 0.003 0.008 

NMHC 

110712_1006 A 0.091 0.002 0.000 0.006 

110715_0931 A 0.109 0.001 0.001 0.007 

110713_1207 B 0.060 0.001 0.000 0.004 

110714_1215 B 0.096 0.002 0.001 0.006 

CO 

110712_1006 A 2.414 0.181 0.123 0.291 

110715_0931 A 3.059 0.120 0.245 0.278 

110713_1207 B 1.643 0.129 0.115 0.205 

110714_1215 B 2.453 0.145 0.254 0.270 

NOx 

110712_1006 A 0.015 0.003 0.000 0.004 

110715_0931 A 0.008 0.003 0.000 0.003 

110713_1207 B 0.010 0.002 0.000 0.002 

110714_1215 B 0.011 0.003 0.001 0.004 

CO2 

110712_1006 A 493 294 395 311 

110715_0931 A 493 294 398 311 

110713_1207 B 491 293 398 310 

110714_1215 B 516 298 400 316 

Fuel Economy 

110712_1006 A 17.7 29.9 22.2 28.2 

110715_0931 A 17.7 29.9 22.1 28.2 

110713_1207 B 17.8 30.0 22.1 28.3 

110714_1215 B 16.9 29.5 22.0 27.8 

Unregulated Emissions (mg/mile) 

1,3- Butadiene 

110712_1006 A 0.67 0.02 0.22 0.07 

110715_0931 A 0.08 0.00 0.00 0.00 

110713_1207 B 0.19 0.00 0.00 0.01 

110714_1215 B 0.57 0.00 0.02 0.03 

Benzene 

110712_1006 A 14.83 0.11 1.90 0.99 

110715_0931 A 1.34 0.02 0.81 0.14 

110713_1207 B 8.42 1.06 1.22 1.44 

110714_1215 B 1.81 0.08 0.79 0.22 

Formaldehyde 

110712_1006 A 1.41 0.09 0.00 0.15 

110715_0931 A 0.69 0.12 0.66 0.19 

110713_1207 B 0.00 0.00 0.00 0.00 

110714_1215 B 0.22 0.00 0.59 0.05 

Acetaldehyde 

110712_1006 A 1.14 0.00 0.00 0.06 

110715_0931 A 0.00 0.00 0.00 0.00 

110713_1207 B 0.00 0.00 0.00 0.00 

110714_1215 B 0.00 0.00 0.00 0.00 

 


