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Abstract 

 

Assessing the Sustainability of Transportation Fuels: 

The Air Quality Impacts of Petroleum, Bio and Electrically Powered 

Vehicles 

 

 

 

Nawaf Salem Alhajeri, M.S.E. 

The University of Texas at Austin, 2010 

 

Supervisor:  David T. Allen 

Co-Supervisor: Elena McDonald-Buller 

 

Transportation fleet emissions have a dominant role in air quality because of their 

significant contribution to ozone precursor and greenhouse gas emissions. Regulatory 

policies have emphasized improvements in vehicle fuel economy, alternative fuel use, 

and engine and vehicle technologies as approaches for obtaining transportation systems 

that support sustainable development. This study examined the air quality impacts of the 

partial electrification of the transportation fleet and the use of biofuels for the Austin 

Metropolitan Statistical Area under a 2030 vision of regional population growth and 

urban development using the Comprehensive Air Quality Model with extensions 

(CAMx). Different strategies were considered including the use of Plug-in Hybrid 
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Electric Vehicles (PHEVs) with nighttime charging using excess capacity from electricity 

generation units and the replacement of conventional petroleum fuels with different 

percentages of the biofuels E85 and B100 along or in combination. Comparisons between 

a 2030 regional vision of growth assuming a continuation of current development trends 

(denoted as Envision Central Texas A or ECT A) in the Austin MSA and the 

electrification and biofuels scenarios were evaluated using different metrics, including 

changes in daily maximum 1-hour and 8-hour ozone concentrations, total area, time 

integrated area and total daily population exposure exceeding different 1-hour ozone 

concentration thresholds. Changes in ozone precursor emissions and predicted carbon 

monoxide and aldehyde concentrations were also determined for each scenario.  

Maximum changes in hourly ozone concentration from the use of PHEVs ranged 

from -8.5 to 2.2 ppb relative to ECT A. Replacement of petroleum based fuels with E85 

had a lesser effect than PHEVs on maximum daily ozone concentrations. The maximum 

reduction due to replacement of 100% of gasoline fuel in light and heavy duty gasoline 

vehicles by E85 ranged from -2.1 to 2.8 ppb. The magnitude of the effect was sensitive to 

the biofuel penetration level.  

Unlike E85, B100 negatively impacted hourly ozone concentrations relative to the 

2030 ECT A case. As the replacement level of petroleum-diesel fuel with B100 in diesel 

vehicles increased, hourly ozone concentrations increased as well. However, changes due 

to the penetration of B100 were relatively smaller than those due to E85 since the 

gasoline fraction of the fleet is larger than the diesel fraction. Because of the reductions in 

NOx emissions associated with E85, the results for the biofuels combination scenario 

were similar to those for the E85 scenario. 

Also, the results showed that as the threshold ozone concentration increased, so 

too did the percentage reductions in total daily population exposure for the PHEV, E85, 



 viii 

and biofuel combination scenarios relative to ECT A. The greatest reductions in 

population exposure under higher threshold ozone concentrations were achieved with the 

E85 100% and 17% PHEV with EGU controls scenarios, while the B100 scenarios 

resulted in greater population exposure under higher threshold ozone concentrations. 
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CHAPTER 1:  Introduction 

 

Ozone (O3) is a secondary air pollutant produced by the reactions of nitrogen 

oxides (NOx) and volatile organic compounds (VOCs) in the presence of sunlight at the 

earth’s surface (Seinfeld and Pandis, 1998). 

NO + VOCs + O2 + Sunlight  NO2 + O3 

Ozone exposure has been associated with adverse human health effects including 

respiratory irritation, decreased lung function, exacerbation of asthma, and cardiovascular 

illness (Yang and Omaye, 2009; Gilliland, 2009; Calderon-Garciduenas et al., 2000; U.S. 

Environmental Protection Agency, 1997a). Bell et al. (2004) examined the health effects 

associated with acute exposure to ozone in 95 cities representing 40% of the total 

population in the United States over a period of 14 years (1987 – 2000). Increases in 

ozone concentrations of 10 ppb were found to be associated with increases in daily 

mortality rates and cardiovascular and respiratory mortality rates of 0.52% and 0.64% 

respectively. Following a cohort of children born between 1995 and 1999 and ambient 

maximum daily 8-hour ozone concentrations in New York State, Lin et al. (2008) found 

increased childhood asthma admissions with chronic exposure to high ozone 

concentrations.     

In the United States, the primary National Ambient Air Quality Standard 

(NAAQS) for ozone has been established to protect human health, while the secondary 
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NAAQS has been established to protect public welfare (EPA, 1997b). The NAAQS for 

ozone has become increasingly stringent over time. In accordance with the 1997 

NAAQS, the 3-year average of the fourth-highest daily maximum 8-hour average ozone 

concentrations measured at each monitor within an area over each year must not exceed 

0.08 ppm (EPA, 1997b).  Effective May 27, 2008, the EPA reduced the level of the 

NAAQS for ozone concentrations averaged over 8-hours from 0.08 ppm to 0.075 ppm 

(US EPA, 2008a). Many of the most populated counties in the United States have 

monitored values that exceed the level of NAAQS; based on ambient air quality data 

from 2004 through 2006, the number of counties in the United States with monitored 

violations is expected to increase from 85 under the 1997 standard to 345 under the 2008 

standard (US EPA, 2008a). 

Because of their significant contributions to NOx
 
and VOC emissions in urban 

areas due to engine combustion and fuel evaporation, on-road mobile sources, including 

light and heavy-duty gasoline vehicles, light and heavy-duty diesel vehicles and 

motorcycles have an important role in ozone formation (Cooper and Arbrandt, 2004; 

Sawyer et al.; 2000). For example, Niemeier et al (2006) found that the impacts of on-

road traffic on ozone concentrations in remote regions were 1-5 ppb and in industrialized 

regions were 5-20 ppb during the summer in the Northern Hemisphere. In addition, on-

road mobile emissions represent significant sources of greenhouse gas emissions. In the 

United States, light-duty trucks or passenger cars contribute approximately 60% of the 

greenhouse gas emissions from the transportations sector, and approximately 17% of the 

total national greenhouse gases emissions (EPA, 2009a). Motallebi et al (2008) projected 
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increases in reactive organic gases (ROG), methane (CH4) and carbon dioxide (CO2) of 

13-16%, 5%, and 9%, respectively, for the future year of 2100, primarily associated with 

the potential increases in emissions from on-road mobile sources. With the significant 

growth in vehicle miles traveled (VMT) in many regions of the United States, emphasis 

has been placed on improving vehicle fuel economy, alternative fuel use, and engine and 

vehicle technologies as approaches for improving regional and urban air quality, as well 

as mitigating greenhouse gas emissions and the effects of climate change. 

The Energy Policy Acts of 1992 (Congress 1992) and the Energy Policy Acts of 

2005 (Congress 2005), and the Energy Independence and Security Act of 2007 (EISA 

2007), address the control of on-road mobile source emissions and their impacts on 

human health and air quality. EPACT 1992 (Congress 1992) provided a framework for 

improving air quality and increasing clean energy use through improved energy 

conservation. Among the objectives of EPACT 1992 were to reduce petroleum-based fuel 

consumption and to encourage the use of alternatives fuels (Congress 1992). The Energy 

Policy Act of 2005 (Congress 2005) offered tax incentives and loans to production of 

alternative types of energy and encouraged the use of biofuels by calling for the reduction 

of the use of petroleum-based fuels by 2% annually until 2015 and an increase in the use 

of non-petroleum fuels by 10% (Latimer, 2008). It also called for the reduction of 

greenhouse gas emissions by 30% in 2015 (Congress 2005). The recent EISA (EISA 

2007) has assured increased production and use of different types of renewable fuels and 

improvements in the average fuel economy of passenger vehicles. The increase in the use 
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of alternative fuels or renewable fuels is expected to be met mainly with ethanol (EISA 

2007). 

Plug-in electric hybrids (PHEVs) and alternative fuels such as E85 and B100 have 

attracted attention as promising approaches for reducing emissions from on-road mobile 

sources. PHEVs reduce fuel consumption by using electricity from the power grid as 

source of energy. PHEVs have both an electric motor powered by batteries and an 

internal combustion engine (ICE) and thus, rely on both electricity and conventional 

petroleum fuels or biofuels for power. Batteries can be recharged during operation by the 

vehicle’s engine or from the electric grid when not in operation (Minnesota Pollution 

control agency, 2007). Once charged, a PHEV can be driven up to 50 miles on electric 

power, with no need for liquid fuel. The most common types of PHEVs batteries are Ni-

MH or Li-ion batteries which are usually replaced every 160,000 km (Silva et al. 2009). 

PHEVs face technical challenges to widespread commercialization, including battery 

manufacturing, safety and capacity, which must provide sufficient driving range, and 

vehicle speed, configuration, safety and performance.  

Widespread use of PHEVs has the potential to increase emissions from stationary 

electricity generation units that utilize non-renewable energy sources, but decrease 

vehicular emissions (Thompson et al. 2009). Recent studies have indicated the benefits of 

PHEVs for reducing greenhouse emissions relative to conventional vehicles that rely on 

petroleum fuels (Sioshansi and Denholm, 2009; Thompson et al. 2009; Samaras and 

Meisterling, 2008). Vehicles that commute less that 50 km per day, which could be 
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replaced by PHEVs running on electric power, represent about 60% of all commuting 

vehicles in the United States (U.S. Department of Transportation (U.S. DoT), 2001). 

Thus, PHEVs have a potentially significant role in reducing emissions in urban areas 

where vehicle trips are typically within the distance threshold for battery power. 

Concerns about the U.S. dependency on imported oil and the environmental 

impacts of petroleum and fossil fuels have increased attention on the use of biofuels, 

including E85 and B100 (Congress 1992, Congress 2005 and EISA 2007). Ethanol fuels 

are renewable fuels derived from agricultural crops or any materials that have sugar or 

starch in their structure. They can be used in flex-fuel vehicles (FFVs) that have similar 

manufacturing designs and costs as conventional gasoline vehicles (Lavigne and Powers, 

2007). FFVs can operate with any ethanol blend fuel from 0% to 85% ethanol (Zhai et 

al., 2009). More than 6 million FFVs were introduced to the U.S. market from 1990 to 

2005 (EPA, 2009b).  

E85 is an alcohol blend that has 85 % denatured fuel ethanol and 15 % gasoline. 

The octane number, which measures the ability of fuel to resist knock, for E85 ranges 

from 100 to 105, in contrast, the octane number for conventional gasoline is in the range 

of 85 to 93 (Hsieh et al., 2002). E85 is less fuel efficient than conventional gasoline 

because it has a lower heating value and lower stoichiometric fuel ratio (U.S. DoE, 

2009); the lower heating values of E85 and conventional gasoline are 11,500 BTU/lb and 

18,000 to 19,000 BTU/lb, respectively (U.S. DoE, 2009). A gallon of E85 produces 70% 

of the energy of a gallon of conventional fuel. E85 also poses challenges for widespread 
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distribution due to production and transportation issues (U.S. Department of Agriculture 

(USDA), 2007). Because E85 has higher auto-ignition temperature than gasoline (793°F 

versus 495°F), E85 is more flammable than regular gasoline at low temperatures, but less 

flammable at high temperature (U.S. DoE, 2009). Distributors must be equipped to meet 

additional requirements beyond those required for conventional gasoline.    

Ethanol fueled vehicles produce many of the same emissions as gasoline vehicles 

but at different concentrations. A study by Jacobson (2007), which will be examined in 

more detail in Chapter 2, found that ethanol use could reduce emissions of NOx, but 

increase emissions of carbon monoxide (CO), formaldehydes and acetaldehydes. The 

EPA (2006) found that E85 vehicles produces 15 % to 20 % less greenhouse gas 

emissions than gasoline vehicles. A recent study by the U.S. DoE (2007) suggested that 

using ethanol from corn could reduce greenhouse gas emissions by at least 20 %, and that 

this value could increase to 52 % with improved efficiency and if the energy used is in 

the production of corn for fuel is derived from renewable sources.  

Biodiesel is a sustainable fuel derived from renewable plant-based sources such as 

soybean, canola, or rapeseed oil, or from animal fats (Demirbas, 2009). The effects of 

biodiesel production on land use/land cover are controversial and will be explored in 

Chapter 2. Biodiesel can be blended with conventional diesel fuels and used, without 

modifications required to an engine, in on-road and non-road vehicles and equipment 

(Kapilan et al., 2009).  The blends are designated as BXX, in which XX refers to the 

percentage of biodiesel in the blend. B100 refers to pure biodiesel, which is non-
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petroleum based diesel consisting of long chain of alkyl (methyl or ethyl) esters of fatty 

acids. As such, biodiesel can be used as pure (B100) or as a blend such as B20. Use of a 

biodiesel fuel greater than B20 is not recommended by the National Renewable Energy 

Laboratory (NREL) and the DOE, except in areas where the human exposure to diesel 

particulate matter (DPM) is high, due to the higher level of care required in handling and 

storage (NREL, 2009). In order to ensure the quality of the fuel, in the United States, all 

biodiesel should meet ASTM 6751 (Standard, 2007). 

Although there are variations depending on feedstock, the energy content of B100 

is approximately 8% less per gallon than petroleum diesel; for B20, it is 1 % less per 

gallon (U.S. DoE, 2009). The NREL found a volumetric energy density ratio of biodiesel 

and petroleum diesel was approximately 0.9 (NREL, 2009). Biodiesels also have a high 

energy return, for example, for every unit of fossil-fuel energy used to produce biodiesel, 

3.2 units of energy are produced for B100 and 0.98 unit of energy for B20 (Sheehan et 

al., 1998). In contrast, for every unit of fossil fuel that is used to produce petroleum fuel; 

there is 3-4 units of energy are produced (NREL, Life-Cycle Inventory Database, 2010). 

Differences in the chemical and physical properties of biodiesel relative to 

petroleum diesel influence tailpipe emissions. The cetane number, which is used to 

express diesel fuel quality during compression ignition, of biodiesel is higher than 

petroleum diesel. The cetane number for conventional diesel must be at least 40 (NREL, 

2009), but additives such as alkyl nitrates and di-tert-butyl peroxide may be used to 

increase it. In comparisons conducted outside of California, the EPA found average 

http://en.wikipedia.org/wiki/Alkyl_nitrate
http://en.wikipedia.org/wiki/Di-tert-butyl_peroxide
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cetane numbers for biodiesel and petroleum diesel to be 55 and 44, respectively.  As a 

result of improved fuel performance, emissions of CO and VOCs associated with 

biodiesel are expected to be less than petroleum diesel. In addition, because biodiesel is 

11% oxygen (O2) by weight and has low (< 2%) sulfur and aromatic contents (Sheehan et 

al., 1998), more complete combustion is expected with reduced emissions of CO, 

particulate matter (PM) and hydrocarbons (HC) relative to conventional diesel regardless 

of the type of biodiesel feedstock (EPA, 2002). Studies by Sheehan (1998), EPA (2002), 

Morris et al. (2003), and McCormick et al. (2006) examining the effects of biodiesel on 

tailpipe emissions have indicated that vehicles using biodiesel emit slightly more NOx, 

but less CO and VOC emissions. The viscosity and surface tension of biodiesel are higher 

than petroleum diesel due to glycerin contamination (EPA, 2002). The surface tension of 

biodiesel is two to three times greater than petroleum diesel, which may be associated 

with higher tailpipe emissions of NOx.  

This work examines the impacts of the partial electrification of the transportation 

fleet and the use of biofuels on ozone concentrations in the Austin area using a 2030 

vision of regional population growth and urban development. Three different strategies 

were considered including the use of PHEVs with nighttime charging using excess 

capacity from electricity generation units, and replacement of conventional petroleum 

fuels with different percentages of the biofuels E85 and B100. Comparisons between a 

2030 base case and the electrification and fuel scenarios were analyzed using different 

metrics, including changes in daily maximum 1-hour ozone concentrations and the total 
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population exposure to ozone concentration above different thresholds such as 0, 60 and 

70 ppb.  

The Austin – Round Rock Metropolitan Statistical Area (MSA) area was used as 

the case study area. The MSA located in Central Texas and includes five counties which 

are: Travis, Williamson, Bastrop, Hays and Caldwell. Austin was among the first areas to 

enter into an Early Action Compact (EAC) under the 1997 NAAQS for ozone 

concentrations averaged over 8-hours, and it is among most rapidly growing areas in the 

United States (Song et al., 2008).  

Chapter 2 of this work reviews the existing literature on the impacts of PHEVs 

and biofuels on air quality, and the effects of PHEVs and biofuels on water demand. 

Chapter 3 describes the methodology used for the modeling analysis and the metrics used 

to investigate the impacts of these strategies on air quality. Chapter 4 presents the results 

of strategies on daily maximum 1-hour ozone concentration, CO and aldehyde 

concentrations, and daily population exposure under different threshold ozone 

concentrations. In addition, chapter 4 discusses the implications of the results for Austin 

air quality. Finally, conclusions and recommendations for future work are presented in 

Chapter 5.  
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CHAPTER 2:  Literature Review 

This chapter reviews the existing literature on the impacts of PHEVs and biofuels 

on air quality and water demand. It also explores the impacts of biofuels on human 

health.  

2.1.   EFFECTS OF PHEVS ON GREENHOUSE GAS EMISSIONS AND OZONE 

CONCENTRATIONS 

Previous studies have suggested that PHEVs significantly reduce greenhouse gas 

emissions and other atmospheric pollutants relative to conventional vehicles (Sioshansi 

and Denholm, 2009; Thompson et al. 2009; Samaras and Meisterling, 2008). However, 

use of PHEVs would potentially increase the emissions from stationary electricity 

generation units. Thompson et al. (2009) examined the air quality benefits that could be 

achieved by replacing 20% of the fleet of gasoline light-duty vehicles with PHEV’s in the 

Pennsylvania, New Jersey and Maryland (PJM) region of the United States. The primary 

objective of the study was to examine the temporal shifts in emissions from daytime 

hours to nighttime hours, and the shifts in source category and location from the on-road 

sector (urban) to electricity generation units (largely rural). The study assumed that the 

fuel to be used as feed to the EGUs to generate the additional electrical power for PHEV 

charging was coal, which likely represented a worst-case scenario with respect to 

emissions of ozone precursors and greenhouse gases. 

Thompson et al. (2009) examined four scenarios using the Comprehensive Air 

Quality Model with Extension (CAMx). The first was the reference case which 
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represented emissions from gasoline vehicles. The second scenario, designated as PHEV-

300, included utilization of PHEVs for 20% of total vehicle miles travelled during 

daytime hours. Charging was assumed to occur during nighttime hours using coal as the 

additional feed to the electricity generation units. PHEV-150, the third scenario, included 

utilization of PHEVs for 10% of vehicle miles travelled during daytime hours, but the 

same amount of additional electricity generation, representing lower charging and 

efficiency of electricity use by the PHEVs. Charging of PHEVs was assumed to occur at 

night using electricity produced from coal-fired electricity generation units. The third 

scenario was considered to be the worst case since the emission reductions achieved with 

the use of PHEVs were halved. The fourth case assumed that the electricity for PHEV 

charging would be produced using renewable sources such as winds and solar, which do 

not emit greenhouse gases or ozone precursors.  

The results for the second scenario showed that there was a net reduction in NOx, 

CO and VOC emissions by approximately 132, 2408, and 179 tons respectively, relative 

to the reference case. No emissions occurred from the electricity generation units during 

nighttime hours in the fourth scenario due to the use of renewable energy sources. Thus, 

NOx emissions decreased by 300 tons, CO emissions by 2420 tons and VOC emissions 

by 180 tons. In contrast, the results showed a net reduction in CO emissions by 1200 

tons, VOC emissions by 90 tons and an increase in NOx emissions by 18 tons relative to 

the reference case for the third scenario. Table 2-1 summarizes the net changes in NOx, 

CO and VOC emissions for the four scenarios.  



 12 

Table 2-1: Net change in NOx, CO and VOC emissions relative to the reference case. A 

negative change means a decrease in emissions, and a positive change indicates an 

increase in emissions. 

Change in emissions 

relative to the 

reference case 

Change in NOx 

emissions (tons) 

Change in CO 

emissions (tons) 

Change in VOC 

emissions (tons) 

Scenario two -132 -2408 -179 

Scenario three +19 -1200 -90 

Scenario four -300 -2420 -180 

Total net emissions changes due to the use of PHEVs, while valuable, do not 

account for the shifts in the timing and location of the emissions.  To address these issues, 

Thompson, et al (2009) performed photochemical modeling of the four scenarios. The 

maximum reduction in 8-hour averaged ozone concentrations achieved under the second 

scenario was 8 ppb. However, the maximum reduction in 8-hour averaged ozone 

concentrations was only 3.9 ppb for the third scenario relative to the reference case. In 

summary, Thompson et al. (2009) predicted that replacing 20% of the mobile vehicle 

fleet VMT by PHEVs would reduce maximum 8-hour ozone concentrations up to 8 ppb 

in the PJM area. Moreover, this reduction could be increased if electricity is produced 

from renewable sources. 

The Minnesota Pollution Control Agency (MPCA) (2007) conducted an analysis 

of air pollution emissions that would result if PHEVs entered the market in Minnesota. 

The study focused on emissions of CO, CO2, NOx, VOC, particulate matter less than 2.5 

microns (PM2.5) and SO2 from PHEVs, HEV and conventional vehicles. Emissions from 
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gasoline combustion (tailpipe) and electricity generation were considered; the study 

presented five scenarios for electricity generation, and based on these scenarios, predicted 

emissions from power plants and electricity generation units. In the first scenario, which 

was considered to be the worst case, all electricity used to charge the PHEVs was 

generated from coal. For the second, the sources of electricity were 80% coal and 20% 

wind energy. The third scenario was 60% coal to 40% wind for electricity generation, the 

fourth was 40% coal to 60 % wind, and the fifth was 100% wind or any other renewable 

fuel such as solar energy. The hypothetical cars used in the study were PHEV60s (60 

mile driving range), PHEV20s (20 mile driving range), HEVs and conventional vehicles 

(internal combustion engine). Moreover, the study accounted for factors that affect 

emission from PHEVs, including vehicle type, driving behavior and battery range.  

The MPCA study determined for the first four scenarios that PHEVs yielded 

lower emissions than conventional vehicles for all the pollutants except SO2. Compared 

to HEVs, PHEVs reduced all emissions except SO2 and CO2. However, in the last 

scenario (100% wind), PHEVs successfully reduced all emissions, including SO2 and 

CO2, relative to HEVs and conventional vehicles.  

The MPCA study indicated that PHEVs have lower emissions of CO2, CO, NOx, 

VOC and PM2.5 than conventional vehicles by about 30% to 60%; however, PHEVs 

produce much higher SO2 emissions than conventional gasoline vehicles due to the coal-

fired electricity generation necessary for battery recharging. In the first four scenarios, 

coal was the primary source of energy with different fractions of the power generation 
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market represented by each scenario. The amount of SO2 from PHEVs was influenced by 

the amount of energy obtained from coal and the driving range for the electric motor. 

Thus, PHEV60s were associated with higher emissions of SO2 than PHEV20s because as 

the capacity of the batteries increased so too did the SO2 emissions. However, there was a 

net benefit for the reduction of other pollutants. 

Samars and Meisterling (2008) provided a more comprehensive life cycle analysis 

of PHEV, HEV, and conventional gasoline vehicles by including new factors that were 

omitted or ignored in previous studies including greenhouse gas emissions resulting from 

battery production and type of energy used. They studied the GHG benefit according to 

the fuel types used in the electricity generation units, whether the fuel had a low carbon 

intensity, high carbon intensity or average carbon intensity relative to that used currently 

in the United States. The types of vehicles assumed in the study were sedans for the 

conventional gasoline vehicles and HEVs. For the PHEVs, three types of vehicles were 

used: PHEVs with an all electric range of 30 km (PHEV30), 60km (PHEV60) and 90km 

(PHEV90). The end of the life for each vehicle was assumed to be 240,000 km.  

Manufacturing of the vehicles was assumed to be similar except for the HEVs and 

PHEVs, which had batteries as part of their design. Also, the assumption that the battery 

capacity for the PHEVs was larger than the HEV was considered in the analysis. In 

addition, the study also assumed that the battery is charged once per day, without specific 

time for charging.  
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The study investigated three scenarios. The base case scenario assumed that the 

electricity used for PHEV charging had an average carbon intensity representative of 

current U.S power plant electricity generation. The second scenario assumed that the 

energy source had a high carbon intensity, such as coal. The third scenario assumed that 

the energy source for electricity generation had a low carbon intensity such as a 

renewable fuels (E85). 

The results of Samars and Meisterling (2008) showed that PHEVs reduced 

greenhouse gases emissions by 32% compared to conventional vehicles and exhibited a 

small reduction compared to HEVs under the first scenario (current U.S electricity 

generation model). However, in the second scenario (high carbon intensity fuel for 

electricity generation), PHEVs increased the life cycle greenhouse gas emissions by 9-

18% compared to HEVs, but decreased the life cycle greenhouse gases compared to 

conventional vehicles. In the third scenario (low carbon intensity fuel), PHEVs reduced 

life cycle greenhouse emissions by 51-61% compared to conventional vehicles and 30-

47% compared to HEVs. 

2.2.   EFFECTS OF PHEVS ON WATER DEMAND 

Recent studies have examined the effects of PHEVs on water demand, 

consumption and withdrawal. King and Webber (2008a) found that “In displacing 

gasoline miles with electric miles, approximately 3 times more water is consumed (0.32 

versus 0.07-0.14 gallons/mile) and over 17 times more water is withdrawn (10.6 versus 
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0.6 gallons/mile) primarily due to increased water cooling of thermoelectric power plants 

to accommodate increased electricity generation ”   

King and Webber (2008b) also examined water intensity which represents the 

balance between water consumption and withdrawal. They investigated the relationships 

between water demand and different types of transportation fuels for light duty vehicles 

including petroleum, natural gas, unconventional fossil fuel, hydrogen, electricity and 

two types of biofuels. The study found that lower water consumption and withdrawal 

could be achieved for light-duty vehicles that use petroleum gasoline versus hydrogen 

fuels or electricity, both of which withdraw 5-20 times and consume nearly 2 – 5 times 

more water.  

2.3.   EFFECTS OF E85 ON REGIONAL AND URBAN AIR QUALITY 

Use of ethanol, E85, fuel in conventional vehicles offers another alternative for 

reducing emissions of greenhouse gases and other pollutants. Previous studies have 

suggested that the use of E85 may reduce several important atmospheric pollutants 

including NOx and O3 (Kelly et al., 1999; Winebrake et al., 2001; Niven, 2005).  

Kelly et al. (1999) tested several vehicles that operate on different types of fuels 

to examine their effects on urban air quality. The test was conducted using 413 light duty 

vehicles (Dodge, Ford and Chevrolet). Emission rates of CO were found to increase with 

the use of ethanol, while NOx emission rates decreased. The results for acetaldehydes 

and formaldehydes were consistent with previous studies (Jacobson, 2007; De Serves, 

2005; Magnusson et al., 2002; Niven, 2005; Winebrake et al., 2001; Black et al. 1998) 
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that indicated higher emission rates with the use of ethanol. However, emission rates of 

CO2, benzene and 1,3-butadiene decreased compared with vehicles that used 

conventional gasoline fuel. The study also compared the fuel economy resulting from the 

use of E85, E50 (50 % ethanol and 50 % gasoline), and conventional gasoline. Vehicles 

using E85 exhibited the highest fuel economy at 20.16 mile per gallon, while those using 

conventional gasoline exhibited the lowest fuel economy.   

Graham et al. (2008) examined the effects of both low blend ethanol fuels (E10, 

E20) and E85 on tailpipe and evaporative emissions at two different temperatures. The 

study presented a comparison between the biofuels and gasoline subject to California 

RFG Phase 2. The results showed a decrease in CO concentrations by 16 %, and no 

changes in NOx, CO2, CH4 or N2O emissions when using E10 relative to gasoline. 

However, there was an increase in non-methane hydrocarbons (NMHC) emissions by 9% 

and increase in non-methane organic gases (NMOG) by 14 %. The results also showed 

increases in acetaldehyde, 1,3-butadiene, and benzene emissions by 108%, 16% and 15% 

respectively, compared with gasoline. The increase in benzene and 1,3-butadiene 

emission rates was unexpected, and was attributed to the differences in aromatic contents 

between the low blend ethanol fuel and the reference fuel.   

In contrast, high blend ethanol, E85, led to significant decreases in emissions 

compared with both regular gasoline and E10. The reductions in NMHC, NOx, benzene 

and 1,3-butadiene emission rates were 48%, 45%, 76% and 77% respectively. The study 
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showed no changes in CO, CO2 and NMOG emission rates. However, the formaldehyde 

and acetaldehyde emissions increased by 73% and 2540%, respectively.  

With respect to greenhouse gas emissions, Graham et al. (2008) found that the 

ethanol content in the fuel had no effects on CH4 emission rate, while N2O emission had 

a direct relationship with ethanol content. Increasing the ethanol content in the fuel led to 

increases in the N2O emission rate. However, these changes in N2O emission rate were 

not statistically significant. Graham et al. (2008) noted that a limitation of the study was 

the relatively small size of the fleet.   

Niven (2005) also examined the environmental impacts of using E10 and E85 on 

air pollutant emissions and greenhouse gas emissions. According to the study, E85 

produced 27 times more acetaldehyde and formaldehyde compared with petroleum-based 

gasoline. However, E85 produced less VOC, benzene, and 1,3-butadiene emissions. E85 

also exhibited lower evaporative emissions, since its vapor pressure is less than 

conventional gasoline. Niven (2005) found that E85 reduced CO2 and other greenhouse 

gases emissions in the range of 19% to 70% in a total life cycle analysis, depending on 

the ethanol feedstock.  

The fuel cycle emissions of several air toxics including formaldehyde, 

acetaldehyde, benzene and 1,3-butadiene were examined by Winebrake et al., 2001 using 

the GREET model. The study considered different types of fuels including conventional 

gasoline, conventional diesel, E85, M85 (85% methanol and 15% gasoline) and 

compressed natural gas. The results showed increases in total VOC emissions with the 
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use of E85 compared with other fuels, for example, approximately 60% higher than 

conventional gasoline. The cause of this increase was mainly associated with the E85 

production and distribution processes. The study also showed that acetaldehyde 

emissions from E85 were higher relative to other fuels. This is because in the ethanol 

combustion reaction, a dominant VOC formed is acetaldehyde, as shown in the following 

reaction:                   

2C2H5OH + O2  2CH3CHO + 2H2O 

2.4.   HEALTH EFFECTS ASSOCIATED WITH E85 

Jacobson (2007) examined the effects of replacing gasoline with ethanol E85 on 

cancer, mortality and hospitalization for two geographic areas. The first represented Los 

Angeles, which has ozone concentrations that are among the highest in the United States, 

while the second region represented the United States as a whole. The effects of E85 use 

on human health were investigated with a three-dimensional photochemical grid model 

(i.e., the global through urban scale air pollution and weather forecast mode GATOR-

GCMOM; Jacobson, 2007). The model output was then combined with population and 

health effects data to investigate the health risk associated with ozone exposure resulting 

by shifting of fuels from gasoline to ethanol.  

Jacobson (2007) predicted that the 24-hour daily maximum ozone concentration 

would increase by 3 ppb in the Los Angeles area due to the use of E85. Ozone related 

deaths increased by 120 cases per year in Los Angeles and 185 deaths per year in the 

Unites States. These data represented a 9 % increase in the deaths rate above that 
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associated with 100% gasoline use in Los Angeles and a 4 % increase across the United 

States. Ozone related hospitalization rates increased by 650 cases in Los Angeles and 990 

in the Unites States, while, hospital admissions due to asthma increased by 770 in Los 

Angeles and 1200 in the United States. These findings appeared reasonable because E85 

results in increased acetaldehyde and formaldehyde emissions, which are two important 

ozone precursors. In addition to increases in ozone concentrations, ethanol fuel was also 

shown to increase peroxyacetyl nitrate (PAN) and methane concentrations. The study 

found decreases in NOx emissions by 30 % with E85 relative to gasoline, as well as 

decreases in both benzene and 1,3-butadiene emission rates. 

2.5.   EFFECTS OF B100 ON GREENHOUSE GAS EMISSIONS AND OTHER ATMOSPHERIC 

POLLUTANTS 

Renewable fuels, such as biodiesel, offer the opportunity to significantly reduce 

emissions from heavy-duty vehicles and improve fuel lubricity (National Renewable 

Energy Laboratory, 2009). Previous studies have examined the effects of biodiesel on 

greenhouse gas emissions and regional and urban air quality. Sheehan et al. (1998) 

examined the life cycle inventory of greenhouse gas emissions and other air pollutants for 

both petroleum diesel and soy biodiesel used in urban buses. The study accounted for the 

effects of soy biodiesel on the atmosphere from multiple processes including raw 

materials extraction, transportation, crushing of the soybeans, soy oil conversion, and 

end-of use.  

Sheehan et al. (1998) found that by replacing petroleum diesel with neat biodiesel 

B100, the net emissions for CO2 decreased by 78.5 % over the life cycle; the net 
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emissions reduction was 15.66 % for the biodiesel blend B20. The primary cause for the 

reduction in the life cycle inventory was the biological cycling of carbon as it was 

absorbed during photosynthesis. However, at the tailpipe, the net emissions of CO2 were 

10 % greater for B100 compared with petroleum diesel. 

  Sheehan et al. (1998) found that NOx emissions increased due to the 

increased viscosity and surface tension of biodiesel. Most NOx emissions occurred at the 

tailpipe, representing 92% of the total life cycle emissions, due to fuel combustion. The 

increase in NOx emissions was 13.35 % over the total life cycle and 8.9 % from the 

tailpipe.  

The net change in the life cycle inventory for total hydrocarbons (THC) increased 

by 35% relative to petroleum diesel, while the net change in THC emissions at the 

tailpipe decreased by 37% with the use of biodiesel. This increase in the life cycle 

inventory was attributed to the release of hexane (C6H14) during soybean processing and 

to volatilization of agrochemicals applied on the farm. CO emissions resulting from fuel 

combustion represents 77.6% of the total biodiesel life cycle emissions of CO. Sheehan et 

al. (1998) indicated that the use of neat biodiesel B100 would lead to a net reduction in 

the total life cycle emissions of CO by 35% relative to petroleum diesel. Furthermore, 

B100 would reduce net CO emissions at the tailpipe by 46 %.  

Sheehan et al. (1998) found that the total life cycle and tailpipe emissions of PM10 

would decrease by 32% and 68%, respectively, with the use of B100. The gap in the 

benefit between life cycle emissions and tailpipe emissions was associated with the 
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fertilization process in the soy farms, which results in increases in PM10 emissions over 

the total life cycle.  

Most SOx emissions occur during the soy oil conversion process, which accounted 

for almost 58% of the total life cycle emissions. However, Sheehan et al. (1998) found 

that SOx was not emitted at the tailpipe, and thus, their analysis indicated a decrease in 

the total life cycle emissions of SOx by 8% with the use of biodiesel instead of petroleum 

diesel. Table 2-2 summarizes the total change in the life cycle emissions versus the 

change at the tailpipe for B100 for NOx, CO2, CO, SO2, PM10 and THC. 

Table 2-2: The net change in life cycle emissions versus tailpipe emissions for B100 

relative to petroleum diesel. A negative change means a decrease in emissions, and a 

positive change indicates an increase in emissions (Source: Sheehan et al., 1998). 

Pollutant Change in Life 

Cycle Emissions 

(%) 

Change in 

Tailpipe Emissions 

(%) 

CO2 -78.45 4.7 

PM -32 -68 

SO2 -8 No emissions at 

tailpipe 

CO -35 -46 

Nox 13.35 8.89 

HC 35 -37 

 

The U.S. EPA (2002) analyzed existing data in order to investigate the effects of B100 

on the exhaust from diesel-powered vehicles. The feedstock for the biodiesel was 
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primarily from soybeans, which represented 74.6% of the total observations as shown in 

Table 2-3.  

Table 2-3: Biodiesel feedstock source group. Source: U.S. EPA (2002). 

Feedstock Number of 

Observations  

Percentage of 

Observations  

Soybeans 232 74.60% 

Rapeseeds/canola 44 14.15% 

All animal 35 11.25% 

The percentage change in emissions due to the use of B20 relative to petroleum 

diesel was estimated based on the biodiesel concentration and a constant, a, that varied 

with pollutant as shown in Table 2-4: 

% change in emissions = {exp [a × (vol. % biodiesel)] - 1} × 100% 
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Table 2-4: Values of (a), and emissions impacts of B20 relative to petroleum diesel. A 

negative change means a decrease in emissions, and a positive change indicates an 

increase in emissions. Source: EPA (2002). 

Pollutant Coefficient 

(a) 

Percent change in B20 

emissions relative to 

petroleum diesel  

NOx 0.0009794 2.00% 

PM10 -0.006384 -10.10% 

HC -0.011195 -21.10% 

CO -0.006561 -11.00% 

 

Table 2-4 also lists the percentage changes in emissions between B20, with soybean as 

the feedstock, and relative to petroleum diesel. The analysis shows net reductions in the 

exhaust emissions for PM, HC, and CO, by 10.1%, 21.1% and 11% respectively, while 

there was a net increase in NOx of 2%. The percent change in the total emissions was 

proportional to the volumetric percent of biodiesel. Thus, neat biodiesel B100 had higher 

net reductions of PM10, HC and CO and higher net increases in NOx emissions than B20. 

The study also showed that the fuel economy decreased by 1-2% when B20 was used 

relative to petroleum diesel.  
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Morris et al. (2003) studied the effects of biodiesel fuels on air quality and human 

health. The study examined emissions using both engine dynamometer and chassis tests. 

The percentage changes in the emissions of NOx, PM10, CO and THC using B20 or B100 

versus petroleum diesel are shown in Table 2-5. 

 

Table 2-5: The net percent change in emissions for B100 and B20 compared with 

petroleum biodiesel during an engine test. A negative change means a decrease in 

emissions, and a positive change indicates an increase in emissions. Source: Morris et al. 

(2003). 

Biodiesel 

fuel 

Change in NOx 

emissions (%) 

Change in PM10 

emissions (%) 

Change in CO 

emissions (%) 

Change in THC 

emissions (%) 

B20 2.4% -8.9% -13.1% -17.9% 

B100 13.2% -55.3% -42.7% -63.2 

As shown in Table 2-5, the engine dynamometer test indicated a net increase in 

emissions of NOx by 13.2 % for neat biodiesel B100 and by 2.4 % for the blend biodiesel 

B20. Emissions of PM10 were shown to decrease by 55.3 % for B100 and by 8.9 % for 

B20. However, the results from the chassis dynamometer test showed a net reduction in 

the NOx emissions by 3.4 % for both neat and blended biodiesel, while net PM10 

emissions increased by 65.7 % with B100 and 25 % with B20.  

McCormick et al. (2006) investigated the differences in emission benefits of 

biofuels relative to petroleum-based fuels obtained using a chassis dynamometer versus 

an engine dynamometer on eight heavy-duty diesel vehicles. The study found that a 0.6% 

increase in NOx emissions associated with the use of B20, depending on the fuel source, 
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for the chassis dynamometer test, and 2% for the engine dynamometer test, indicating 

little difference between the testing conditions. The chassis test indicated a reduction of 

PM10 emissions by 16 % while the engine test indicated a reduction of 10% for B20 

versus petroleum diesel The CO reductions achieved by chassis test and engine 

dynamometer tests were 17% and 11%, respectively. Table 2-6 summarizes the 

differences in emissions obtained in the engine and chassis tests for NOx, PM10, CO and 

THC for B20 relative to petroleum diesel.  

Table 2-6: Changes in emissions due to the use of B20 versus petroleum diesel 

determined chassis and engine dynamometer tests. A negative change means a decrease 

in emissions, and a positive change indicates an increase in emissions. Source: 

McCormick et al. (2006).    

Test Type  

 

% Change in Emissions Relative to  

petroleum diesel  

NOx PM10 CO THC 

Chassis test 0.6 -16 -17 -12 

Engine test 2 -10 -11 -21 

Difference  

[% change in emissions engine]-

[% change in emissions chassis] 

0.2 – 1.4% 6 6 -9 

 

2.6.   EFFECTS OF B100 ON WATER CONSUMPTION  

Water consumption is an important factor in biodiesel production. Previous 

studies have suggested that biodiesel production results in greater water consumption 

than the production of petroleum diesel (Sheehan et al., 1998; King and Webber, 2008b). 

The average water consumption for soy-derived biodiesel is 8 gal H2O/mile, and the 

average water withdrawal is 10 gal H2O/mile (King and Webber; 2008b). It turns out that 
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irrigation dominates the water consumptions and withdrawals, and if not, then the 

consumption and withdrawal are 2 orders of magnitude less (King and Webber; 2008b). 

However, more studies are needed to assess the potential effects of widespread biodiesel 

use on water resources and whether reclaimed water could be an alternative to fresh water 

in biodiesel production processes.  

2.7.    SUMMARY 

This chapter has addressed the role of PHEVs and biofuels such as E85 and B100 

in reducing greenhouse emissions and other atmospheric pollutants under a range of 

different scenarios. Existing literature on the impact of PHEVs and biofuels on water 

demands have also been examined. Previous studies have indicated that use of PHEVs 

can result in significant reductions in the emissions of some atmospheric pollutants such 

as NOx, CO, CO2 and VOCs, in addition to reductions in O3 concentrations. However, 

the use of PHEVs could introduce disadvantages such as increases in water demand and 

ambient SO2 emissions. The increases in SO2 emissions are associated with the electricity 

generation needed for charging of the PHEV batteries. 

Recent studies have focused on biofuels and their effects on the environment and 

air quality. Use of E85 as a fuel in on-road vehicles would reduce NOx and O3 emissions, 

but increase CO and VOC emissions, notably formaldehyde and acetaldehyde. Previous 

studies have indicated that biodiesel can have significant effects on emissions and air 

quality. Although most studies are in agreement that biodiesel reduces vehicular 

emissions, the magnitudes of the benefits differ. Emissions of PM, HC, CO and sulfur 
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compounds have been shown to decrease as the amount of biodiesel blended with 

petroleum diesel increases; thus, emission rates for these species are greater for B20 than 

B100, but less than petroleum-based diesel. Most studies are also in agreement that NOx 

emissions will increase with the amount of biodiesel in the fuel. Because NOx is an 

ozone precursor, increasing NOx emissions could lead to increased ozone formation. 

Development of an advanced NOx adsorption system for vehicles (Murata et al., 2009) 

could reduce the disbenefits associated with biodiesel use. Most previous studies have 

assumed that soybean is the primary feedstock for biodiesel. Future studies should 

consider the air quality impacts of other feedstocks, such as algae, that may change the 

total life cycle emissions from biodiesel production and use. 

In order to assess the differences between PHEVs, E85 and B100 for reducing 

atmospheric pollution, their air quality impacts should be examined in the same 

geographic region and time period. Thus, this work will examine the air quality impacts 

of the partial electrification of the transportation fleet and the use of biofuels for the 

Austin area using a 2030 vision of regional population growth and urban development. 

Comparisons between a 2030 base case and the electrification and fuel scenarios will be 

analyzed using different metrics, including changes in daily maximum 1-hour ozone 

concentrations and the total population exposure to ozone concentration above different 

thresholds such as 0, 60 and 70 ppb. 

Chapter 3 discusses the methodology used for the emission inventory 

modifications and the air quality modeling analyses. Differences between the strategies 
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that are used in the analyses will be described. Furthermore, the metrics used to 

investigate the impacts of these strategies on air quality will be explained at the end of 

Chapter 3.    
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CHAPTER 3:  Methodology 

3.1.    MODELING EPISODE   

One of the most important tools in any engineering analysis is the model to be 

used in the analysis and its inputs. The Comprehensive Air Quality Model with Extension 

(CAMx; www.camx.com), which is a 3-D Eulerain photochemical grid model, was used 

in this study to examine the air quality benefits associated with PHEVs. The model inputs 

include meteorological data, initial and boundary conditions, land use and land cover 

data, and emission inventories. The inventories include emissions from anthropogenic 

sources including stationary point sources, area sources, on-road mobile sources and non-

road mobile sources, as well as emissions from biogenic sources.  

The impacts of alternative urban development patterns on future air quality were 

examined by Song et al, 2008 and Webb et al. (2008) using the five-county Austin-Round 

Rock Metropolitan Statistical (MSA) as a case study. The MSA is located in Central 

Texas and includes the counties of Travis, Williamson, Bastrop, Hays and Caldwell as 

shown in Figure 3-1. Austin was among the first areas to prepare an Early Action 

Compact (EAC) for voluntary reductions of ozone concentrations averaged over 8-hours 

(Song et al., 2008). The future air quality benefits from the partial electrification of the 

transportation fleet and use of biofuels were examined in this work over the same 

geographical area. 
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Figure 3-1: Five-county Austin-Round Rock MSA (Song et al., 2008 and Webb et al., 

2008). 

 

In the work of Song et al. (2008), four urban growth scenarios, known as Envision 

Central Texas (ECT), were developed for the Austin area based on an assumed doubling 

of population in 20-40 years from 2001. For each of the 2030 ECT scenarios, changes in 

anthropogenic and biogenic emissions were based on future development patterns and 

meteorological processes. Meteorological conditions were based on a historical 

September 13-20, 1999 high ozone episode in the Austin area, used for the development 

of Austin’s EAC. In this work, partial electrification of the transportation fleet and use of 

biofuels was investigated over the same geographical area as in the ECT A scenario. This 

scenario was developed assuming extensive highway provision, and low-density and 

segregated-use development (Song et al., 2008). Figure 3-2 shows the urban development 

pattern for the ECT A scenario.  
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Figure 3-2: Urban development pattern for the ECT A scenario. The gray area shows the 

existing developed land use pattern in 2001. 

 

The air quality modeling domain for this work is a nested regional-urban scale 

grid. The horizontal resolution of the regional domain is 36 km, the East Texas sub-

domain has a resolution of 12 km, and the Central Texas sub-domain has a resolution of 4 

km. Figure 3-3 shows the three domains used in this work. All anthropogenic and 

biogenic emissions used in this work were the same as those used by Song et al. (2008) 

for the ECT A scenario with the exception of the emissions for point sources and mobile 

sources which were replaced by modified inventories for the PHEVs, E85 and B100 

scenarios as described below. 
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Figure 3-3: Nested 36-km/12-km/4-km photochemical modeling domain (Song et al., 

2008). 
 

 

A summary of emissions from point sources, on-road and non-road mobile 

sources, area sources, and biogenic sources for the Austin 2007 base case and ECT A 

scenario from the work of Song et al. (2008) is presented in Table 3-1. As described by 

Song et al. (2008), federal motor vehicles control programs, such as the Tier 2 heavy-

duty rules, will be fully implemented by 2030, which accounts for the reduction in on-

road mobile emissions for ECT A compared to the 2007 base case.  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Regional Domain:  

 36km 

East Texas Subdomain:  

 12km 

Austin Subdomain:  

 4km 



 34 

Table 3-1: VOC and NOx emissions (tons per day) for the 2007 base case and the ECT A 

scenario (Song et al., 2008 and Webb et al., 2008). 
 

Categories 2007 Base Case ECT A 

VOC NOx VOC NOx 

On-road mobile 33.8 62.1 22.0 18.4 

Non-road mobile 22.2 21.7 23.2 9.5 

Area 110.7 10.2 214.3 20.6 

Point 3 2.8 3.0 2.8 

Biogenic 211.2 20.2 198.8 20.2 

 

3.2.   EMISSION INVENTORIES FOR THE PHEV AND BIOFUELS SCENARIOS  

3.2.1.   Plug-in Hybrid Electric Vehicles (PHEVs) 

 

The Austin area uses several types of fuels for electricity generation, including 

coal, natural gas, nuclear, purchased power, and renewable sources such as biomass, 

wind and solar (Austin Energy, 2008). The maximum plant capacity in the area is more 

than 5,300 MW, with approximately 3,140 MW generated from natural gas and 1 MW 

from solar. Approximately 274 MW are currently generated from wind and used by the 

City of Austin as purchased power. Furthermore, there is approximately an additional 265 

MW of capacity scheduled for installation at the end of 2009, including 165 MW from 

wind. Thus, at the end of 2009, the total maximum capacity available as end of use will 

be more than 5500 MW in the Austin area. Austin area power plants that use natural gas 

and coal as fuels are shown in Table 3-2 with their capacities.  
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Table 3-2: Power plants capacity based on fuel type in Austin area (Austin Energy, 

2008). 

Facility Name Number of 

Units 

Fuel Type Capacity (MW)  

Decker Creek 2 Gas 934 

Sand Hill Energy 

Center 

5 Gas 501 

Sam Seymour 

(Fayette Power 

Project) 

3 Coal 1641 

Sam Gideon 3 Gas 620 

Lost Pines 2 Gas 545 

Bastrop Energy 

Center 

2 Gas 540 

Sandow 1 Coal 600 

 

Power plants tend to use the lowest cost resources, frequently coal or nuclear 

energy, to produce the base load electricity needed (Austin Energy, 2008). The electricity 

available from Austin area power plants varies during the daytime hours with a maximum 

peak load of more than 1900 MW afternoon (at 3:00 PM) as shown in Figure 3-4. The 

hourly electricity generation profile was calculated based on hourly emissions data from 

the Clean Air Markets Division of the U.S. EPA for the 2008 ozone season (May - 

September), and the electricity generation available from each power plant in the area 

(EPA, 2008b).   
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Figure 3-4: Hourly electricity consumption for the Austin area based on 2008 ozone 

season data (EPA, 2008b). 

 

The concept explored in this work is for PHEVs to use the excess capacity from 

electricity generation units during nighttime hours for charging, after vehicle use during 

the daytime. The objective would be for Austin to realize significant reductions in 

greenhouse gas emissions, ozone precursors, and other pollutants from conventional 

vehicles. Charging of PHEVs during nighttime hours is assumed to occur between 10 PM 

and 10 AM. The electricity demand at this time is significantly lower and could be met 

without addition of generation units. Three different scenarios for charging PHEVs were 

considered in this work:  

i. Scenario 1 (17% PHEVs with EGU Controls): Use the same electricity 

generation capacity, but with a different temporal profile by charging 

PHEVs during nighttime hours and applying a more stringent level of 
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emissions control on EGUs during daytime hours. This would result in a 

flat temporal profile of emissions.  

ii. Scenario 2 (17% PHEVs without EGU Controls): Same as Scenario 1, but 

without applying any additional controls on the emissions from electricity 

generation units.  

iii. Scenario 3 (17%PHEVs + 41.5%E85): Same as Scenario 2, plus shifting 

50% of the remaining vehicles from gasoline to E85 fuel.    

The method used to calculate the emissions reductions associated with the use of 

PHEVs is based on the average fuel economy factors or the electricity consumption for 

each type of vehicle. The average economy factors from the Electric Power Research 

Institute (EPRI; Knipping and Duvall, 2007) were used to determine the changes in on-

road mobile source emissions. The additional MW-h available during the nighttime hours 

was converted to total VMT by distributing the VMT to three types of light duty vehicles 

based on the percentage of these vehicles in the fleet, as shown in Table 3-3. The average 

economy factors from EPRI (Knipping and Duvall, 2007) are greater than the estimate of 

300 Wh/mile from the Pacific Northwest National Laboratory (PNL; Kintner-Meyer et. 

al., 2007). Thus, the EPRI factors represented a more conservative case and were selected 

for this work. Table 3-3 shows the distribution of light duty gasoline vehicles and the 

average economy factors from EPRI.  
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Table 3-3: Light duty gasoline vehicle types and associated fuel economy factors 

(Knipping and Duvall, 2007). 

Vehicle Type Light duty 

passenger fleet 

(%) 

 

Average Fuel 

Economy 

Factor  

(Wh/mile) 

VMT (10
6
) 

Passenger cars 65% 318.2 10.3 

Gas truck 

(SUV) 
   13.50% 394.2 1.7 

Gas truck  21.50% 493.2 2.2 

As shown in Table 3-3, three types of light-duty gasoline passenger vehicles were 

considered in the analysis: passenger cars, sport utilities vehicles (SUVs) and light-duty 

gasoline trucks. Federal highway statistics for 2002 (U.S. Department of Transportation 

(DoT), 2002) provided the percentage of vehicles in each category. Passenger cars 

accounted for 65% of the total light duty gasoline vehicles in service, SUV trucks 

accounted for 13.5%, and gasoline trucks represented 21.5%. Changes in total NOx and 

VOC emission rates between the ECT A scenario described by Song et al. (2008) and the 

three PHEV scenarios are described below.  

3.2.1.1 Scenario 1(17% PHEVs with EGU Controls) 

Scenario 1 was based on using the same electricity generation emissions that 

Austin currently uses, but with a different temporal profile. The average electricity 

generation was calculated and used as the load over the day. Thus, the electricity 

generation, and as a result emission rates would increase during nighttime hours (mainly 

from 10:00 PM to 10:00 AM) and decease during daytime hours. The increase during the 
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nighttime hours could be used to charge PHEVs that will be operated during the daytime. 

The reduction in emission rates during daytime hours was assumed to be achieved by 

applying additional controls to reduce the emissions from Austin area power plants. For 

example, requiring additional controls on peaking plants that operate during the daytime.   

Figure 3-5 shows temporal profiles for electricity generation emissions currently used in 

Austin (for all Austin power plants) (EPA, 2008b) and for the emission rates used in 

PHEV Scenario 1. 

 
Figure 3-5: Electricity generation temporal profile (EPA, 2008b) currently used in Austin 

and emission rate temporal profile used in PHEV Scenario 1 (for all Austin power 

plants). 
 

The average electricity generation for Austin power plants was estimated to be 

1200 MW. This rate was extended throughout the day resulting in a flat or constant 

temporal profile.  The additional electricity that would be available during the nighttime 

hours for PHEV charging was 4400 MW-h.  
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Using the average fuel economy factors and the percentage of each category of 

light-duty vehicles described above, the total VMT in the five-county Austin MSA was 

determined to be 14.2 million miles traveled per day as shown in Table 3. This value was 

distributed between the three types of vehicles based on the fleet composition in Table 3-

3, i.e.,  the VMT for passenger cars, SUVs and light-duty trucks was 10.3 million, 1.7 

million, and 2.2 million, respectively. The total VMT for light-duty gasoline vehicles in 

ECT A from Song et al. (2008) is 82.4 million. Thus, the reduction in the VMT for light-

duty gasoline vehicles due to their replacement with PHEVs in Scenario 1 is 17%. By 

dividing 14.2 million miles over the total VMT in the ECT A scenario (82.4 million 

miles), then the excess electricity available from the modified generation profile for 

Scenario 1 (5040 MW-h) is enough to power more than 473,000 vehicles per day, 

assuming that each vehicle travels 30 miles each day.   

The percentage reduction in light-duty gasoline vehicle VMT and the new 

temporal profiles for the electricity generation units were applied to the on-road mobile 

source and point source emissions inventories, respectively, used by Song et al. (2008). 

The modified inventories were processed through the U.S. EPA’s Emissions Preprocessor 

System 2 (EPS2) in order to prepare the emissions for CAMx (EPA, 1992). Table 3-4 

shows the emissions of VOC and NOx (ton per day) for ECT A (Song et al., 2008) and 

PHEVs scenarios.  
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Table 3-4: Emissions of VOC and NOx (ton per day) for ECT A (Song et al., 2008) and 

the PHEVs scenarios. 

Categories ECT A Scenario 1 Scenario 2 Scenario 3 

VOC NOx VOC NOx VOC NOx VOC NOx 

On-road 

mobile 

22.0 18.4 18.3 15.3 18.3 15.3 20.0 13.0 

Non-road 

mobile 

23.2 9.5 23.2 9.5 23.2 9.5 23.2 9.5 

Area 214.3 20.6 214.3 20.6 214.3 20.6 214.3 20.6 

Point 3 2.8 3 2.8 3.3 3.03 3.3 3.03 

Biogenic 198.8 20.2 198.8 20.2 198.8 20.2 198.8 20.2 

3.2.1.2 Scenario 2 (17% PHEVs without EGU Controls) 

Unlike Scenario 1, Scenario 2 assumed no additional controls will be applied on 

electricity generation units to reduce their emission rates during daytime hours. Thus, 

emission rates will increase during the nighttime hours as a result of the increasing 

demand due to charging of the PHEVs. However, emissions rates during daytime 

hours will be the same as ECT A, with maximum demand during the afternoon. 

Figure 3-6 shows both the original electricity generation temporal profile and 

Scenario 2 electricity generation temporal profile.  
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Figure 3-6: Original electricity generation profile and emission rates temporal profile in 

Scenario 2. 

  

In Scenario 2, the reduction associated with the use of PHEVs in the vehicle 

fleet is the same as the reduction in Scenario 1. Thus, the on-road mobile source 

emissions were adjusted to account for this reduction and then processed through 

EPS2 for use in CAMx.  Point source emissions were modified such that the emission 

rates remained at their baseline values during daytime hours, but increased during the 

nighttime hours due to the charging of PHEVs. The changes in VOC and NOx 

emissions for Scenario 2 compared to ECT A and Scenario 1 are shown in Table 3-4. 

As can be seen in Table 3-4, on-road VOC and NOx emissions for Scenario 2 are the 

same as Scenario 1, because the reduction in the VMT for light-duty gasoline vehicles 

is the same (17%). However, in Scenario 2, VOC and NOx emissions from point 
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Scenario 2 assumed no additional controls on the emissions from electricity 

generation units.  

3.2.1.3 Scenario 3 (17%PHEVs + 41.5%E85) 

Scenario 3 considered a combined strategy of PHEVs and biofuels by assuming 

that 17% of the vehicle fleet is replaced by PHEVs as in Scenarios 1 and 2, and that half 

of the remaining light-duty gasoline fleet switches from petroleum-based fuel to E85. 

Thus, 41.5 % of the vehicle fleet will use E85 in Scenario 3. Changes in the emissions 

of CO, NOx, and VOCs were based on the work of Jacobson (2007) and are described in 

detail in the biofuels section below. Point source emissions were modified during the 

nighttime hours in response to the additional electricity demand for charging PHEVs. It 

was assumed in Scenario 3 that the peak demand during the afternoon would remain the 

same. In other words, it was assumed that no additional controls were applied during the 

daytime hours to reduce the emission rates from electricity generation units. Thus, the 

temporal profile for power plants in Scenario 3 is the same as that of Scenario 2.  

 

3.3.   ETHANOL (E85) 

 

The Energy Independence and Security Act of 2007 (EISA, 2007) called for an 

increase in the production and use of renewable fuels. The increase in the use of 

alternative or renewable fuels is expected to be met mainly with ethanol. E85 is a blend 

of 85 percent denatured fuel ethanol and 15% gasoline, and can be used in flex-fuel 
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vehicles (FFVs) (Lavigne and powers, 2007). In this work, three different scenarios were 

considered in which E85 is used as a replacement for petroleum-based fuel for light-duty 

gasoline vehicles:  

i. Scenario 1 (E85 30%): 30% fleet use of E85. 

ii. Scenario 2 (E85 50%): 50% fleet use of E85. 

iii. Scenario 3 (E85 100%):100% fleet use of E85.  

Unlike the PHEVs scenarios, point source emissions from power plants were not 

altered for the E85 scenarios relative to the ECT A scenario of Song et al. (2008). Only 

emissions for on-road mobile sources were modified for the E85 scenarios based on the 

work of Jacobson (2007).  

In Scenarios 1, 2, and 3, on-road mobile source emissions were modified to 

account for the replacement of 30%, 50%, and 100%, respectively, of the gasoline fleet 

with E85. NOx emission rates for these vehicles decreased by 30 %, while CO and VOC 

emission rates increased by 5% and 19.6% respectively (Jacobson, 2007). The VOC 

speciation profile was also adjusted in addition to the emission factors. The speciation 

profile was prepared using Carter’s database (Carter, 2008). Carter’s database uses the 

Carbon Bond IV (CB-IV) mechanism to speciate VOCs into eleven compounds based on 

their structure. These compounds are OLE (Olefin), PAR (Paraffin), TOL (Toluene), 

XYL (Xylene), FORM (Formaldehyde), ALD2 (Higher aldehyde), ETH (Ethene), 

MEOH (Methanol), ETOH (Ethanol), ISOP (Isoprene), and NR (Unreactive Species). 

The gasoline exhaust and running losses VOC speciation profile was based on the 
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exhaust composition (tailpipe exhaust emissions) in the Washburn Tunnel in Houston, 

Texas for the Texas Air Quality Study 2000 (McGaughey et al., 2004). Table 3-5 shows 

the VOC speciation profiles for gasoline (McGaughey et al., 2004), E85 (Webb et. al., 

2008), diesel and B100 exhaust for the CB-IV mechanism used in CAMx.  

Table 3-5: VOC speciation profiles for E85 (Webb et al., 2008), gasoline (McGaughey et 

al, 2004), diesel and B100 for the CB-IV mechanism used in CAMx. 
Fuel OLE 

% 

PAR 

% 

TOL 

% 

XYL 

% 

FORM 

% 

ALD2 

% 

ETH 

% 

MEOH 

% 

ETOH 

% 

ISOP 

% 

NR 

% 

Gasoline 3.23 53.2 7.92 10.6 1.9 4.0 6.11 0.22 0.23 0.34 14.93 

E85 1.34 8.3 1.3 1.75 2.3 8.13 3.6 0.181 64 0.055 9.2 

Diesel 2.49 47.8 6.27 34.6 1.81 2.38 4.22 0 0 0 13.84 

B100 9.7 16.39 10.2 0 12.1 14.0 23.5 0 0 0.465 5.9 

As shown in Table 3-5, the E85 VOC is primarily speciated as ethanol (approximately 

64%). The chemically speciation profiles for both E85 and gasoline were applied during 

processing with EPS2. 

3.4.   BIODIESEL (B100) 

Biodiesel is a non-petroleum-based diesel fuel consisting of long-chain methyl esters 

or ethyl esters of fatty acids. Biodiesel-fueled vehicles are assumed to emit more NOx, 

but less CO and VOCs (Sheehan, 1998; EPA, 2002; Morris et al., 2003; McCormick, 

2006). Emissions factors used in this analysis were based on a Southwest Research 
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Institute (SwRI) study by Sharp (1998) that investigated exhaust emissions from a diesel 

truck engine while fueled on biodiesel and diesel fuel. 

Three different scenarios were used to assess the air quality impacts of increased 

penetration B100 in the Austin fleet as an alternative to petroleum-based diesel: 

i. Scenario 1 (B100 30%): 30% of the vehicles-heavy-duty fleet is converted to 

B100. 

ii. Scenario 2 (B100 50%):  50% of the vehicles-heavy-duty fleet is converted to 

B100. 

iii. Scenario 3 (B100 100%): 100% of the vehicles-heavy-duty fleet is converted 

to B100. 

Only emissions from on-road mobile sources were modified in the B100 

scenarios; emission inventories from all other anthropogenic sources remained the same 

as for the ECT A scenario of Song et al. (2008). Vehicles fueled by B100 emit 13% more 

NOx, 45% less CO and 49% less VOC than conventional petroleum-based diesel 

according to the findings of Sharp (1998). As for the case with E85, the photochemical 

modeling runs were performed for 30%, 50%, and 100%, respectively, replacement of 

traditional diesel petroleum-based fuel with B100. A modified CB-IV profile, shown in 

Table 3-5, was used for the chemical speciation of VOC emissions from B100. This 

profile was prepared using Carter’s database in which the B100 exhaust VOC emissions 

that were obtained from Sharp (1998) were speciated into eleven compounds based on 

their structure as (mole CB-IV per gram VOC). Most VOC emisisons from B100 are 
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represented by the following CB-IV species: ethene (23.5%), higher aldehyde (14%) and 

formaldehyde (12.1%). Table 3-6 shows the percentage change in emisisons of NOx, 

VOC and CO for both E85 and B100, based on the work of Jacobson (2007) and Sharp 

(1998), respectively. 

Table 3-6: Changes in emissions of NOx, VOC and CO associated with E85 and B100 

(Jacobson, 2007; Sharp, 1998). Decreases in emissions relative to conventional petroleum 

fuel are denoted by a negative value. 
 

Fuel NOx VOC CO 

E85  -30% 19.60% 5% 

B100  13% -49% -45% 

3.5.   BIOFUELS COMBINATION SCENARIO  

 

This scenario assumes that a combination of biofuels (both E85 and B100) is used 

in all vehicles (100% fleet penetration), i.e., E85 replaces petroleum-gasoline fuel, and 

B100 replaces petroleum-diesel fuel. As with the other biofuels scenarios, only the 

emissions inventories for on-road mobile sources were modified, other anthropogenic 

inventories remained the same in this scenario as for the ECT A scenario of Song et al. 

(2008). 

3.6.   SUMMARY OF EMISISON CHANGES DUE TO BIOFUELS 

Summaries of VOC and NOx emissions for the ECT A and E85 scenarios, B100 

scenarios and biofuels combination scenario are shown in Tables 3-7, 3-8 and 3-9, 

respectively.  
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Table 3-7: Emissions of VOC and NOx (ton per day) for ECT A (Song et al., 2008) and 

E85 scenarios. 

Categories ECT A Scenario 1 Scenario 2 Scenario 3 

VOC NOx VOC NOx VOC NOx VOC NOx 

On-road 

mobile 

22.0 18.4 23.2 16.8 24 15.8 26 13.2 

Non-road 

mobile 

23.2 9.5 23.2 9.5 23.2 9.5 23.2 9.5 

Area 214.3 20.6 214.3 20.6 214.3 20.6 214.3 20.6 

Point 3 2.8 3 2.8 3 2.8 3 2.8 

Biogenic 198.8 20.2 198.8 20.2 198.8 20.2 198.8 20.2 

 

 

Table 3-8: Emissions of VOC and NOx (ton per day) for ECT A (Song et al., 2008) and 

B100 scenarios. 

Categories ECT A Scenario 1 Scenario 2 Scenario 3 

VOC NOx VOC NOx VOC NOx VOC NOx 

On-road 

mobile 

22.0 18.4 22 18.4 21.7 18.4 21.3 18.5 

Non-road 

mobile 

23.2 9.5 23.2 9.5 23.2 9.5 23.2 9.5 

Area 214.3 20.6 214.3 20.6 214.3 20.6 214.3 20.6 

Point 3 2.8 3 2.8 3 2.8 3 2.8 

Biogenic 198.8 20.2 198.8 20.2 198.8 20.2 198.8 20.2 
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Table 3-9: Emissions of VOC and NOx (ton per day) for the ECT A (Song et al., 2008) 

and biofuels combination scenarios. 

Categories ECT A Biofuels 

Combination  

VOC NOx VOC NOx 

On-road 

mobile 

22.0 18.4 25.4 13.4 

Non-road 

mobile 

23.2 9.5 23.2 9.5 

Area 214.3 20.6 214.3 20.6 

Point 3 2.8 3 2.8 

Biogenic 198.8 20.2 198.8 20.2 

 

3.7.   METRICS 

Four metrics were used to evaluate and compare the impacts of the PHEV and 

biofuels scenarios in the Austin area:  

i. Maximum 1-hour ozone concentration. 

ii. Total area above a threshold ozone concentration. 

iii. Time integrated area above threshold ozone concentration. 

iv. Total daily population exposure. 

Two threshold ozone concentrations of 60 ppb and 70 ppb were used in the analyses 

for the area of exceedance metrics. For the fourth metric, total daily population exposure, 

a 0 ppb threshold was used in order to provide a more comprehensive assessment of the 
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impacts of these scenarios relative to the ECT A scenario of Song et al. (2008). The 

metrics are described below; 

3.7.1.    Maximum 1-hour ozone concentration:   

M max. 1-hr = Max {Cg,h} 

Where, Cg,h is the 1-hour O3 concentration in (ppb), in the grid cell (g) and at time (h). 

This metric was calculated by examining all ground level 1-hour ozone concentration in 

Austin area during each day, and choosing the maximum 1-hour averaged ozone 

concentration.  

3.7.2.   Total area above a threshold ozone concentration of 60 ppb or 70 ppb: 

MArea tot. = g max{ g,h} 

g,h =        

g,h = { g,1 g,2 g,3 ….. g,24 } 

where A is the area of the grid cell g in (km
2
). This metric was calculated by determining 

whether the ground level 1-hour ozone concentration exceeded a threshold concentration 

of 60 ppb (or 70 ppb). If ozone concentration exceeds the threshold at any time during the 

day in Austin area, the area is calculated and then summed over all cells.     

3.7.3.   Time integrated area above a threshold ozone concentration of 60 ppb or 

70 ppb): 

MTime Area =  g * g,h 
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g,h =  

The maximum 1-hour ozone concentration in all ground level grid cells in the Austin 

area was determined for each hour of each day, and compared with the threshold of 60 

ppb or 70 ppb. If there was an exceedance in any grid cell, then the area of this grid cell 

was summed over the day.  

3.7.4.   Total daily population exposure:   

M Time Pop.= g * g,h 

g,h =  

where Pg is the population in grid cell g. This metric was calculated by multiplying the 

population density by the difference between the maximum ozone concentration and the 

threshold ozone concentration of 60 ppb or 70 ppb, if the ozone concentration at the grid 

cell exceeded the threshold. The value was calculated for each grid cell in the five county 

areas and summed over the day. A threshold ozone concentration of 0 ppb was also 

considered in this work in order to gain a more comprehensive understanding of the 

ozone exposure level in the area of interest.  

Chapter 4 presents the metrics for each of the PHEV and biofuels scenarios. Chapter 

5 discusses the implications of the results for Austin air quality.  
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CHAPTER 4:  Results and Discussion 

Predicted daily maximum 1-hour and 8-hour ozone concentrations, total area, 

time integrated area and total daily population exposure exceeding different 1-hour 

average ozone concentration thresholds for a future year of 2030 were estimated for each 

of the strategies considered in this study (i.e., PHEVs, E85, B100 and the combination 

biofuels) and compared with the results of Song et al. (2008) for Austin’s ECT A 

visioning scenario. The metrics were compared for different days of the week, which 

exhibited a range of traffic patterns, during the modeling episode: Wednesday 

September15
th

, Thursday September 16
th

, Friday September17
th

, Saturday September18
th

, 

Sunday September19
th
, and Monday 20

th
. The results for each metric are described 

below. In addition, predicted daily maximum carbon monoxide (CO) and aldehyde 

concentrations were examined for each scenario and compared with similar predictions 

for ECT A.   

4.1.   MOBILE SOURCE EMISSIONS  

NOx, VOC and CO emissions rates from on-road mobile sources vary between 

strategies and strategies have different effects for different species. Table 4-1 shows 

NOx, VOC and CO daily emissions for ECT A and the differences in the emissions due 

to the PHEVs, E85, B100 and combination scenarios. These represent weekday on-road 

mobile source emissions from the five county Austin MSA.   

As shown in Table 4-1, differences in NOx emissions rates ranged from -5.2 tpd to 0.1 

tpd, and E85 100% exhibited the largest NOx reduction. This reduction occurs because 
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the E85 strategy reduces NOx emissions by 30%, and E85 100% assumes that 100% of 

light duty vehicles in the Austin fleet operate on E85 fuel. As the penetration percentage 

of E85 fuel decreases so too does the NOx emission benefit (i.e., -2.6 tpd in E85 50% and 

-1.6 tpd in E85 30%). Song et al. (2008) found that 1.3 tpd of NOx emissions in the 

Austin MSA could be attributed to heavy-duty diesel vehicles compared to 16.9 tpd from 

light-duty gasoline vehicles under the ECT A visioning scenario. B100 has no effect on 

area-wide NOx emissions except for the B100 100% penetration scenario which 

increases NOx emissions by 0.1 tpd.  
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Table 4-1: NOx, VOC and CO emissions rates for ECT A and the differences in the emissions rates for the PHEVs, E85, B100 

and combination scenarios. Note that a negative difference means decrease in the emission rate relative to ECT A, and a 

positive means an increase in the emission rate relative to ECT A. 

 Differences in emissions rates (tpd) 

Species Tons/day 

of each 

species  

for ECT A 

17% 

PHEVs 

with 

EGU 

controls 

17% 

PHEVs 

without 

EGU 

controls 

17% 

PHEVs 

and 

41.5 % E85 

E85 

 

30% 

E85 

 

50% 

E85 

 

100% 

B100 

 

30% 

B100 

 

50% 

B100 

 

100% 

E85 

100% 

+ 

B100 

100% 

NOx 18.4 -3.1 -3.1 -5.1 -1.6 -2.6 -5.2 0 0 0.1 -5 

VOC 22 -3.7 -3.7 -1.9 1.2 2 4 0 -0.3 -0.7 3.4 

CO 478.3 -81.3 -81.3 -71.3 6.7 11.7 23.7 -0.3 -0.3 -0.3 23.6 
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Changes in VOC and CO emissions due to the PHEV, E85, B100, and combination 

scenarios ranged from -3.7 tpd to 3.4 tpd and from -81.3 tpd to 23.7 tpd respectively.  In 

the E85 cases, both VOC and CO emissions increase as the percentage of penetration 

increase. B100 offers very modest decreases of VOC and CO emissions across the area. 

Substitution of 17% PHEVs in the light duty gasoline fleet with and without EGU 

emission controls have the same impacts on total on-road NOx emissions. In these two 

scenarios, NOx, VOC and CO emissions rates decrease by -3.1, -3.7 and -81.3 tpd 

respectively due to the replacement of gasoline vehicles with PHEVs. With the addition 

of E85 fuel use in gasoline vehicles (i.e., 17% PHEVs + 41.5% E85) NOx reductions 

increase; however, there is a decrease in VOC and CO emissions of -1.9 and -71.3 tpd 

respectively. 

 

4.2.   DAILY MAXIMUM 1-HOUR AND 8-HOUR O3 CONCENTRATIONS  

Table 4-2 summarizes the daily maximum 1-hour ozone concentration for the ECT A 

scenario and differences in maximum 1-hr O3 concentrations for the PHEV, E85, B100 

and combination scenarios relative to ECT A for each episode day. These values 

represent the maximum ozone concentration or differences in the daily maximum 1-hour 

ozone concentration, respectively, in the Austin MSA regardless of the time of day or 

geographic location. Daily maximum 1-hour ozone concentrations for ECT A ranged 

from 84.66 ppb to 70.2 ppb during the episode.  



 56 

For the PHEV cases, differences in daily maximum 1-hour averaged concentrations 

ranged from -2.3 ppb to 0.004 ppb. Reductions in daily maximum 1-hour ozone 

consternations were observed for all episode days except September 17
th

 when a slight 

increase of 0.004 ppb is evident for all three PHEV scenarios. Maximum reductions for 

the 17% PHEVs with EGU controls scenario, 17% PHEVs without EGU controls 

scenario, and 17% PHEVs + 41.5% E85 scenario are -2.3, -0.88 and -1.51 ppb 

respectively relative to ECT A. As described above, when the petroleum based fuel in the 

on-road vehicles is replaced with E85 in addition to the use of PHEVs, NOx emissions 

decrease, consequently, the 17% PHEVs + 41.5% E85 scenario was associated with 

larger reductions in maximum daily 1-hour O3 concentrations than the use of PHEVs 

without EGU controls.  

Differences in ozone concentrations due to the E85 strategies ranged from -1.53 ppb 

to 0; daily maximum 1-hour ozone concentrations decreased in all E85 scenarios with 

maximum reductions of -0.45, -0.75 and -1.53 ppb for the E85 30%, E85 50% and E85 

100% scenarios, respectively. Consistent with the highest level of penetration of E85 in 

the vehicle fleet, E85 100% provided the greatest reduction in daily maximum 1-hour O3 

concentrations. The results indicate that reductions in NOx emissions are more effective 

than reductions in VOC emissions with respect to reducing maximum 1-hour ozone 

concentrations. These results are consistent with those from previous studies that have 

shown that ozone formation in the Austin area is NOx sensitive, with VOC sensitivity 

under limited conditions along the main interstate highway (IH-35) in central Travis 

County (The Capital Area Planning Council, 2004; Song et al., 2008). Thus, E85 100% 
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which has the largest NOx emissions reductions, produces the largest decrease in 1-hour 

averaged ozone concentrations, even though there is an increase in VOC emission rates. 

The biofuels combination scenario (E85 100% + B100 100%) shows a similar result as 

the E85 100% scenario due to the reductions in NOx emissions associated with E85.  

Total VMT by diesel vehicles is less than that of gasoline vehicles in the Austin area 

and NOx, VOC and CO emissions from diesel vehicles represent a much smaller 

contribution to total emissions of these species from on-road mobile sources in the 

region. As a result, the differences with respect to daily maximum 1-hour O3 

concentration between the B100 and ECT A scenarios are relatively small compared to 

the other strategies. Song et al. (2008) found large reduction in NOx emissions for diesel 

vehicles in 2030 relative to a 2007 base year due to the implementation of more stringent 

federal emissions control programs. In this study, the increase in NOx emissions for the 

B100 cases leads to slight increases in daily maximum 1-hour ozone concentrations.  

Among all strategies considered in this analysis, 17% PHEVs with EGU controls 

provides the greatest reductions in daily maximum 1-hour ozone concentrations (i.e., -2.3 

ppb on September 19
th
). This reduction is due to the shifting of NOx and VOC emissions 

from daytime to nighttime hours.  

In addition to differences in area-wide daily maximum 1-hour ozone 

concentrations between ECT A and the PHEV and biofuels scenarios, maximum and 

minimum differences in 1-hour ozone concentrations that occurred across the Austin 

MSA regardless of time of day or magnitude were investigated. The results for each 
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scenario are shown in Figure 4-1. The minimum difference (O3test - O3ECT A) represents the 

maximum benefit in daily 1-hour O3 concentration that could be achieved by applying a 

scenario, while the maximum difference shows the maximum degradation in air quality 

(increases in ozone concentration).
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Table 4-2: Daily maximum ozone concentrations for ECT A and differences in maximum 1-hour O3 concentrations for the 

PHEV, E85, B100 and combination scenarios. Note that a negative difference means a decrease in O3 concentrations relative 

to ECT A, and a positive means an increase in O3 concentration relative to ECT A.   

Differences in maximum 1-hr O3 concentration (ppb) 

Episode 

Date 

Daily 

Maximum 

O3 Conc. 

for  

ECT A  

(ppb) 

17% 

PHEVs 

with 

EGU 

controls 

17% 

PHEVs 

without 

EGU 

controls 

17%  

PHEVs  

and 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 

100%  

+  

B100 

100% 

Sept. 15 75.85 -1.5 -0.32 -0.56 -0.17 -0.28 -0.57 0 0.01 0.01 -0.55 

Sept. 16 70.2 -0.05 -0.05 -0.13 -0.05 -0.09 -0.18 0 0 0 -0.17 

Sept. 17 78.96 0.004 0.004 0.004 0 -0.001 -0.001 0 0 0 -0.001 

Sept. 18 82.08 -0.017 -0.017 -0.018 0 -0.001 -0.002 0 0 0 -0.002 

Sept. 19 84.66 -2.3 -0.88 -1.51 -0.45 -0.75 -1.53 0.01 0.01 0.02 -1.5 

Sept. 20 80.8 -2.13 -0.66 -1.04 -0.39 -0.66 -1.34 0.02 0.03 0.06 -1.28 
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Figure 4-1: Range of changes in hourly O3 concentrations between the ECT A and the 

PHEV, E85, B100, and biofuels combination scenarios regardless of time of day or 

magnitude across all episode days. Note that a negative change means a decrease in 1-hr 

O3 concentration for the scenario relative to ECT A, and a positive change indicates an 

increase in 1-hr O3 concentration for the scenario. 

Maximum differences in 1-hour ozone concentrations ranged from -8.5 ppb to 2.8 

ppb for all strategies relative to ECT A. The PHEV scenarios lead to the largest 

reductions, all three of which are comparable in magnitude. E85 100% leads to the largest 

increase in daily 1-hour ozone concentrations. The increases in daily maximum ozone 

concentrations are associated with the NOx emissions reductions from on-road mobile 

sources along the main transportation corridors during the morning. These NOx emission 

dis-benefits resulted in less titration of ozone, and therefore, increased ozone 

concentrations.   

Figure 4-2 shows the spatial distribution of the maximum differences (O3test – O3 

ECT A) in hourly O3 concentrations on September 20
th
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magnitude for the three most effective strategies: 17% PHEVs with EGU controls, E85 

100% and the combination case. Maximum reductions ranged from -8 ppb to -1.5 ppb, 

while the maximum increase ranged from 2 ppb to 2.2 ppb for the three scenarios, both 

the maximum increase and maximum reduction were located in central Bastrop County. 

The maximum reduction for the 17% PHEVs with EGU controls scenario was observed 

in the early morning (4:00 AM) with the maximum increase in the evening (7:00 PM). 

For the E85 100% and the combination cases, the maximum reductions were observed in 

the afternoon (3:00 PM) in eastern Travis, western Bastrop and southern Williamson 

Counties. The maximum increase occurs in the morning (8:00 AM) near the main 

transportation corridor (IH-35) in central Travis County. This increase is associated with 

the NOx emissions reductions from on-road mobile sources.    
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Figure 4-2: Maximum changes (reductions and increases, respectively for (a)& (b): 17% 

PHEVs with EGU controls; (c) & (d): E85 100%; and (e) & (f): the combination case relative 

to ECT A on September 20. 

 

(a) 

(e) 

(b) 

(d) (c) 

(f) 
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A similar analysis of the strategies was also conducted based on daily maximum 

8-hour averaged ozone concentrations. Table 4-3 shows daily maximum 8-hour ozone 

concentrations for ECT A and differences in daily maximum 8-hour O3 concentrations 

for the PHEV, E85, B100 and combination scenarios relative to ECT A. Maximum daily 

8-hour averaged ozone concentrations for ECT A ranged from 75.8 ppb to 67.1 ppb. 

Differences in daily maximum 8-hour ozone concentrations for the PHEV scenarios 

ranged from -1.35 ppb for the 17% PHEV with EGU controls scenario ppb to 0.11 ppb 

for the 17% PHEV scenario without EGU controls. Similarities and differences were 

evident between these results and those described above for 1-hour averaged 

concentrations. For example, the maximum reduction was achieved using the 17% PHEV 

with EGU controls scenario for both the 1-hour and 8-hour maximum daily ozone 

concentration metrics. However, the maximum reduction occurs on September 19
th

 for 

the daily maximum 1-hour ozone concentration, while it occurs on September 20
th

 for the 

8-hour averaged ozone concentration. The maximum increase was also observed on two 

different days for the 1-hour and 8-hour ozone concentration metrics.  All of the E85 

scenarios show reductions in daily maximum 8-hour ozone concentrations over all 

episode days. The maximum reductions ranged from -1.07 ppb for the E85 100% 

scenario to -0.09 ppb for the E85 30% scenario. The maximum reduction for the biofuels 

combination scenario ranged from -1.06 ppb to -0.3 ppb, and as expected was similar to 

the E85 scenario. 

Differences in daily maximum 8-hour ozone concentrations for the B100 

scenarios ranged from 0 ppb to 0.04 ppb. Thus, the results are similar to those for 1-hour 
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averaged concentrations in which there is no reduction in daily maximum ozone 

concentrations due to the increase in NOx emissions.  
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Table 4-3: Daily maximum ozone concentrations for ECT A and differences in daily maximum 8-hour O3 concentrations for 

the PHEV, E85, B100 and combination scenarios. Note that a negative difference means decrease in O3 concentrations relative 

to ECT A, and a positive means an increase in O3 concentration relative to ECT A.   

Differences in maximum 8-hr O3 concentration (ppb) 

Episode 

Date 

Daily 

Maximum 

O3 Conc. 

for  

ECT A  

(ppb) 

17% 

PHEVs 

with 

EGU 

controls 

17% 

PHEVs 

without 

EGU 

controls 

17%  

PHEVs  

and 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 

100%  

+  

B100 

100% 

Sept. 15 75.85 -0.634 -0.114 -0.284 -0.124 -0.204 -0.424 0.004 0.006 0.016 -0.404 

Sept. 16 70.2 -0.2 -0.2 -0.37 -0.12 -0.2 -0.4 0 0.01 0.01 -0.39 

Sept. 17 78.96 -0.21 -0.21 -0.34 -0.09 -0.15 -0.31 0 0 0 -0.3 

Sept. 18 82.08 -0.6 0.11 -0.3 -0.32 -0.53 -1.07 0 0.01 0.02 -1.06 

Sept. 19 84.66 -1.1 -0.48 -0.84 -0.26 -0.43 -0.87 0 0 0.01 -0.86 

Sept. 20 80.8 -1.35 -0.46 -0.84 -0.31 -0.52 -1 0.01 0.02 0.04 -0.96 
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4.3.   TOTAL AREA EXCEEDING A THRESHOLD 1-HR O3 CONCENTRATION OF 60 PPB 

OR 70 PPB 

The total area above a threshold metric is the summation of the area of all grid cells 

that have ground level ozone concentrations more than the threshold of 60 ppb or 70 ppb. 

Thus, if the 1-hour ozone concentration exceeds the threshold at any time during the day 

in the Austin area in a grid cell, the area is calculated. The areas of all cells meeting this 

criterion are then summed to determine the metric. 

Table 4-4 lists the percentage reduction in the total area exceeding a threshold of 60 

ppb for the PHEVs, E85, B100 and combination scenarios relative to ECT A, as well as 

the area of exceedance value for ECT A and the number of grid cells that exceed the 

threshold.  

Each grid cell has an area of 4 km x 4 km. For the PHEV case, the maximum 

reduction is -3.9%, and is achieved when applying the 17% PHEVs with EGU controls 

scenario. There are slight increases in the total area above a threshold of 60 ppb for the 

17%PHEV without EGU controls scenario and the 17%PHEVs+41.5%E85 scenario of 

0.48% and 0.24% respectively.   

The reduction in the total area above a threshold of 70 ppb is also shown in Table 4-4. 

As the magnitude of the threshold increases so too does the percentage reduction in total 

area exceeding this threshold. For example, for the PHEV scenarios, the reduction in the 

total area exceeding 70 ppb, with a maximum of -66.7%, is greater than the reduction 

when the threshold is equal to 60 ppb, with maximum of -3.9%. A higher percentage of 
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reduction does not necessarily reflect a higher reduction in the absolute area, since there 

are fewer grid cells that exceed the higher threshold. For example, a reduction of -66.7% 

reduced just two grid cells, while a reduction of -3.9% reduced 21 grid cells. Thus, the 

comparison must be done based on the absolute value of the reduction in total area or in 

the numbers of grid cells exceed a threshold, not just the percentage. However, regardless 

of the threshold, the percentage reductions varied from one scenario to another and 

between episode days. For example, the 17% PHEV with EGU controls scenario has the 

maximum reduction on some episode days, while the 17% PHEVs + 41.5 % E85 scenario 

exhibits the maximum reduction on other episode days as shown Table 4-4. 

Table 4-4 also presents the percent changes in total area exceeding thresholds of 60 

and 70 ppb for the E85 scenarios relative to ECT A. The maximum reduction in the total 

area exceeding a 60 ppb threshold ranges from -1.16% for the E85 100% scenario to 0 for 

the E85 30% scenario.  For a threshold equal to 70 ppb, the maximum reduction for the 

E85 case is -66.7% with the E85 100% scenario and the minimum reduction is -0.74% 

with the E85 30%. No increases in the area of exceedance metric are evident for the E85 

scenarios.  

For the B100 scenarios, the reductions in total area exceeding thresholds of 60 ppb or 

70 ppb are almost negligible compared to ECT A. Increases were observed on September 

20
th
 for the B100 50% and B100 100% scenarios. Results for the combination case E85 

100% + B100 100% were exactly the same as for the E85 100% scenario in which the 

maximum reduction ranged from -1.16% to 0. When the threshold is set as 70 ppb, the 
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reductions are slightly lower than those for the E85 100% scenario with a maximum 

reduction of -66.7% and minimum of -2.21%. 
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Table 4-4: Percent change in the total area exceeding threshold of 60 ppb and 70 ppb for the PHEV, E85, B100 and combination scenarios relative to the 

ECT A. Note that a negative change means a decrease in total area exceeding a threshold, and a positive change indicates an increase in total area 

exceeding a threshold. 

    % of change in total area exceeding threshold 

Date 

Sept 

Area of 

exceed-

ance 

(km
2
) 

Number 

of grid 

cells 

PHEVs 

with 

EGU 

controls 

PHEVs 

without 

EGU 

controls 

17% PHEVs 

+ 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 100%  

+  

B100 100% 

            

Threshold of 60 ppb 

  

       

15 8624 539 -3.9 -0.37 -0.74 0 -0.19 -0.56 0 0 0 -0.56 

16 6704 419 -0.72 0.48 0.24 -0.24 -0.24 -0.48 0 0 0 -0.48 

17 12240 765 0 0 0 0 0 0 0 0 0 0 

18 11920 745 -0.13 0 -0.13 -0.13 -0.13 -0.13 0 0 0 -0.13 

19 12240 765 0 0 0 0 0 0 0 0 0 0 

20 8304 519 -0.77 -0.77 -1.35 -0.58 -0.77 -1.16 0 0 0.19 -1.16 

            

Threshold of 70 ppb 

  

       

15 1776 111 -12.61 -7.21 -10.81 -2.7 -6.3 -10.8 0 0 0 -9.91 

16 48 3 -33.3 -33.3 -66.7 -33.3 -33.3 -66.7 0 0 0 -66.67 

17 6064 379 -3.96 -1.85 -3.17 -0.79 -1.32 -3.17 0 0 0 -3.17 

18 3376 211 -7.58 -2.84 -5.21 -4.27 -4.74 -9 0 0 0 -8.53 

19 8672 542 -0.92 0.37 -0.18 -0.74 -1.11 -2.21 0 0 0 -2.21 

20 3376 211 -3.79 -1.42 -5.21 -2.84 -3.79 -9 0 0.47 4.74 -9 
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4.4.   TIME INTEGRATED AREA ABOVE A THRESHOLD OZONE CONCENTRATION OF 60 

PPB OR 70 PPB 

The time integrated area exceeding a threshold is the summation of the area the grid 

cells exceeding the threshold over the day. This summation is taken for each hour during 

the day for the area of interest. Thus, the maximum 1-hour ozone concentrations in all 

ground level grid cells in Austin area are determined for each hour of each day and 

compared to the threshold concentration. The areas of all grid cells exceeding the 

threshold are summed for all hours over the course of the day.  

Table 4-5 shows the percent change in the total time integrated area of exceedance above 

thresholds of 60 ppb and 70 ppb, respectively, for the PHEV, E85, B100 and combination 

scenarios. The maximum reduction for the time integrated area of exceedance above a 60 

ppb threshold metric achieved by the PHEV cases is -3.28% for the 17% PHEV with 

EGU controls scenarios. The reduction in time integrated area above a 70 ppb threshold 

ranged from -66.67% for the 17% PHEVs + 41.5% E85 scenario to -1.66% for the PHEV 

without EGU controls scenario. It is important to note that the strategy with the greatest 

percentage reduction does not mean the greatest reduction in time integrated area. For 

example, the reduction of -1.66% led to a decrease in total integrated area by 23 grid 

cells, while a reduction of -66.67% reduced just two grid cells. The maximum reductions 

for the two metrics were observed on different episode days. A slight increase in the 60 

ppb but not the 70 ppb metric was observed for the PHEV with and without EGU 

controls scenarios.  
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For the E85 scenarios, the reduction in the time integrated area when the threshold is 

set as 60 ppb ranges from -3.56% for the 100% penetration scenario to -0.08 for the 30% 

penetration scenario. The maximum reduction for the 70 ppb metric, -66.7%, was 

achieved by the E85 100% scenario and the minimum reduction was -1.37% for the E85 

30% scenario. No increase in the time integrated area above 70 ppb was observed during 

the episode with the E85 scenarios.  

The time integrated area for the Austin MSA for all B100 scenarios either shows no 

response or increases consistent with the increases in ozone concentrations relative to the 

ECT A. For the biofuels combination case, the results improved relative to the B100 

scenarios; however, the reduction in the time integrated area is generally less than for the 

E85 100% scenario.  
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Table 4-5: Percent change in time integrated area exceeding threshold of 60 ppb, PHEVs, E85, B100 scenarios and the combination case relative to the 

ECT A (A negative change means a decrease in total area exceeding a threshold, and a positive change indicates an increase in time integrated area). 

 

   % of Reduction in time integrated area exceeding a threshold  

Date 

Sept. 

Integrated 

Number of 

Grid Cells 

PHEVs 

with 

EGU 

controls 

PHEVs 

without 

EGU 

controls 

17% PHEVs 

+ 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 100%  

+  

B100 100% 

           

Threshold of 60 ppb 

  

       

15 2137 -3.28 -1.40 -2.57 -1.12 -1.82 -3.56 0.09 0.09 0.19 -3.37 

16 2216 -1.90 -0.14 -0.99 -0.68 -1.26 -2.53 0.05 0.05 0.09 -2.39 

17 5908 0.03 0.03 -0.19 -0.08 -0.22 -0.59 0.02 0.02 0.02 -0.56 

18 3613 -0.94 -0.55 -1.33 -0.72 -1.13 -2.27 0 0 0.03 -2.16 

19 5906 -1.02 -0.66 -0.88 -0.17 -0.36 -0.63 0.02 0.02 0.02 -0.61 

20 4152 -0.7 -0.48 -1.28 -0.26 -0.60 -1.42 0 0.02 0.05 -1.35 

           

Threshold of 70 ppb 

  

       

15 169 -22.5 -8.88 -14.2 -3.55 -7.69 -14.2 0 0 0 -9.91 

16 3 -33.3 -33.3 -66.7 -33.3 -33.3 -66.7 0 0 0 -66.67 

17 1167 -6.51 -3.26 -6.77 -1.37 -3.60 -7.54 0 0 2.57 -3.17 

18 408 -8.82 -2.70 -8.09 -4.90 -6.37 -13.97 0 0 2.45 -8.53 

19 1624 -3.39 -1.66 -3.39 -1.54 -2.59 -4.74 0 0 0 -2.21 

20 902 -5.76 -3.55 -8.65 -4.99 -6.76 -13.97 0 0.22 5.54 -9.00 
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4.5.   TOTAL DAILY POPULATION EXPOSURE ABOVE THRESHOLD OZONE 

CONCENTRATIONS OF 0, 60, AND 70 PPB 

 

In addition to the maximum changes in hourly O3 concentrations, total daily 

population exposures above threshold ozone concentrations of 0 ppb, 60 ppb, and 70 ppb, 

respectively, were examined. These metrics were calculated by multiplying the 

population density by the difference between the ozone concentration and the threshold 

concentration in each grid cell. The values for each grid cell, over all hours of the day,  

were then summed across the Austin MSA. 

Tables 4-6a and 4-6b show the percent change in total daily population exposure 

exceeding thresholds of 0, 60 and 70 ppb for the PHEV, E85, B100 and combination 

scenarios relative to ECT A. When the threshold is equal to 0 ppb, the PHEV scenarios 

lead to reductions in total daily population exposure ranging from -0.51% to -0.12%; the 

E85, B100, and combination scenarios result in more modest reductions (<0.2%) or slight 

increases in daily population exposure across the episode.  

As the threshold ozone concentration increases, the percentage reductions in total 

daily population exposure for the PHEV, E85, and biofuel combination scenarios relative 

to ECT A also increase. For example, when the threshold is set as 60 ppb, the maximum 

reduction achieved in total daily population exposure across the PHEV and E85 scenarios 

is -9.8%, and -9.9%, respectively. Under a 70 ppb threshold, the maximum reductions for 

the PHEV and E85 scenarios are -78.8% and -93.8%, respectively. Figure 4-3 compares 

the population exposure metrics for ECT A the most effective scenarios under each 
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PHEV or biofuels strategy. In general, the greatest reductions in population exposure 

under higher threshold ozone concentrations are achieved with the E85 100% and 17% 

PHEV with EGU controls scenarios. The 17% PHEV scenario without EGU controls and 

the E85 30% and 50% scenarios offer similar ranges of reductions in population exposure 

on most episode days. 

In contrast to the PHEV and E85 scenarios, the B100 scenarios result in greater 

population exposure under higher threshold ozone concentrations. In combination with 

E85 100%, the B100 100% scenario leads to a slight penalty relative to the use of E85 

100% case alone. 

As in the cases of the metrics for total area and time integrated area exceeding a 

threshold concentration, the percentage of reduction does not necessarily reflect the 

absolute reduction that occurs for the strategy. Thus, some strategies with low percentage 

reductions can reduce population exposure more than other strategies with a higher 

percentage reduction, depending on the total number of affected grid cells.  
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Table 4-6a: Percent change in total daily population exposure exceeding threshold of 0 and 60 ppb for the PHEV, E85, B100 and combination scenarios 

relative to ECT A. Note that a negative change means a decrease in total area exceeding a threshold, and a positive change indicates an increase in total 

daily population exposure. 

  % reduction in total daily population exposure above a threshold ozone concentration  

Date  

Sept. 

PHEVs 

with EGU 

controls 

PHEVs 

without 

EGU 

controls 

17% PHEVs 

+ 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 100%  

+  

B100 100% 

          

Threshold of 0 ppb 

  

       

15 -0.19 -0.16 -0.17 0.01 0.01 0.02 0 0 -0.002 0.02 

16 -0.2 -0.2 -0.12 0.05 0.09 0.17 -0.002 -0.004 -0.007 0.16 

17 -0.31 -0.26 -0.22 0.06 0.1 0.18 -0.001 -0.002 -0.004 0.18 

18 -0.37 -0.31 -0.3 0.01 0.02 0.03 0 0 0 0.03 

19 -0.41 -0.31 -0.35 0.01 0.01 0.02 0 0 0 0.02 

20 -0.48 -0.38 -0.51 -0.05 -0.08 -0.18 0.002 0.004 0.007 -0.17 

          

Threshold of 60 ppb 

  

       

15 -5.2 -2.1 -4.5 -1.7 -2.8 -5.7 0.05 0.09 0.17 -5.5 

16 -5.3 -1 -3.1 -1.4 -2.4 -4.9 0.04 0.06 0.12 -4.7 

17 -4.4 -2.3 -3.8 -1.1 -1.8 -3.7 0.02 0.04 0.07 -3.6 

18 -4.8 -1.7 -4.95 -2.4 -4.1 -8.3 0.04 0.06 0.13 -8.2 

Sept. 19 -4.8 -2.6 -4.5 -1.4 -2.3 -4.7 0.02 0.03 0.05 -4.7 

Sept. 20 -8.6 -5.7 -9.8 -2.9 -4.9 -9.9 0.12 0.20 0.4 -9.5 
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Table 4-6b: Percent change in total daily population exposure exceeding threshold of 70 ppb for the PHEV, E85, B100 and 

combination scenarios relative to ECT A. Note that a negative change means a decrease in total area exceeding a threshold, 

and a positive change indicates an increase in total daily population exposure. 
 

  % reduction in total daily population exposure above a threshold ozone concentration  

Date  

Sept. 

PHEVs 

with 

EGU 

controls 

PHEVs 

without 

EGU 

controls 

17% PHEVs 

+ 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 100%  

+  

B100 100% 

          

Threshold of 70 ppb 

  

       

15 -38.8 -11.1 -19.1 -6.4 -10.4 -19.9 2.04 0.3 6.8 -19.4 

16 -44.8 -44.8 -78.8 -45.4 -65.9 -93.8 14.1 2.4 47.3 -92.7 

17 -13.5 -8.2 -14.3 -4.9 -8.1 -15.8 1.2 0.2 3.9 -15.5 

18 -15.1 0.5 -8.9 -7.1 -11.8 -22.7 1.3 0.2 4.3 -22.3 

19 -12.5 -6.3 -11.6 -3.9 -6.5 -13.1 0.5 0.1 1.5 -12.9 

20 -27.1 -12.8 -22.3 -7.2 -12 -23.6 3.4 0.6 11.3 -22.5 
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Figure 4-3: Population exposure for the ECT A scenario (referred to here as the base 

case) and the most effective scenarios for each strategy: 17% PHEVs with EGU controls 

(PHEV Scenario 1), E85 100% (E85 Scenario 3), B100 100% (B100 Scenario 3) and the 

combination scenario for threshold ozone concentrations of (a) 0 ppb, (b) 60 ppb, and (c) 

70 ppb. 
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Figure 4-3 (contd.): Population exposure for the ECT A scenario (referred to here as the 

base case) and the most effective scenarios for each strategy: 17% PHEVs with EGU 

controls (PHEV Scenario 1), E85 100% (E85 Scenario 3), B100 100% (B100 Scenario 3) 

and the combination scenario for threshold ozone concentrations of (a) 0 ppb, (b) 60 ppb, 

and (c) 70 ppb. 
 

 

 

4.6.   IMPACTS ON CO AND ALDEHYDE CONCENTRATIONS 

On-road mobile sources are recognized for their significant contributions to 

atmospheric pollutants such as CO and Mobile Source Air Toxics (MSATs). Exposure to 

high levels of CO and MSATs has been associated with adverse human health and 

environmental effects. Some aldehydes, including acetaldehyde and formaldehyde, which 

are produced as by-products of incomplete combustion, are MSATs. They also can be 

formed as secondary pollutants when other mobile source pollutants undergo chemical 
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reactions in the atmosphere. In this analysis, CO and aldehyde daily maximum 

concentrations were investigated for each of the strategy during the modeling episode and 

compared with those from ECT A.   

Based on the results of Jacobson (2007), exhaust emissions of CO increase by 5% 

with the use of E85 relative to gasoline. In contrast, emissions of CO with the use of 

B100 decrease by 45% (Sharp 1990). CO emission rates for PHEVs are expected to 

decrease as shown in Table 4-1.  

Table 4-7 shows the changes in predicted daily maximum CO concentrations for 

PHEVs, E85, B100 and biofuels combination scenarios relative to ECT A. Consistent 

with the changes in emissions, the use of PHEVs and B100 result in decreases in 

predicted CO concentrations, while the use of E85 increases CO concentrations and leads 

to a penalty when used in combination with PHEVs or B100. 
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Table 4-7: Predicted daily maximum CO concentrations and differences in CO concentrations for the PHEV, E85, B100 and 

combination scenarios. Note that a negative value means a decrease in CO concentrations, and a positive means an increase in 

the CO concentration. 
 

CO concentrations (ppb) 

Date 

Sept. 

ECT A PHEVs 

with EGU 

controls 

PHEVs 

without 

EGU 

controls 

17% PHEVs 

+ 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 100%  

+  

B100 100% 

15 601.1 -40.1 -40.1 -35.2 3.6 5.9 11.9 -0.04 -0.07 -0.13 11.8 

16 963.3 -80.1 -80.1 -70.3 7.1 11.8 23.6 -0.08 -0.13 -0.26 23.4 

17 1453 -115.9 -115.9 -101.7 10.3 17.2 34.3 -0.08 -0.14 -0.28 34.0 

18 1922 -143.1 -143.1 -125.4 12.8 21.3 42.6 -0.06 -0.09 -0.19 42.4 

19 1906.7 -152.6 -152.6 -133.7 13.6 22.7 45.3 -0.04 -0.06 -0.12 45.2 

20 1707.1 -103.7 -103.7 -90.9 9.2 15.4 30.7 -0.11 -0.18 -0.36 30.4 
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Table 4-8 summarizes the changes in CO concentrations for the ECT A, 17% PHEVs 

with EGU controls, E85 100% and combination scenarios. These represent the maximum 

reductions in CO concentrations (COtestcase – COECT A) or the greatest benefit that could be 

reached when applying the scenario of interest, and the maximum increase or greatest 

disbenefit from the scenario. The changes in CO concentrations range from -157.7 ppb to 

46.8 ppb. Among all strategies considered in the study, 17% PHEVs with EGU controls 

leads to the largest reductions in CO concentrations consistent with the large reduction in 

emissions. CO reductions for the E85 100% and combination cases are almost negligible 

compared to PHEVs. Maximum increases in CO concentrations for E85 100% are similar 

to those for the combination scenario.    

Table 4-8: Maximum reductions and maximum increases in predicted daily maximum 

CO concentrations for the PHEV with EGU controls, E85 100%, and E85 100% + B100 

100% scenarios relative to ECT A. 

 PHEVs with EGU 

controls 
E85 100% E85 100% + B100 100% 

Date 

Sept. 

Maximum 

Reduction 

(ppb)  

Maximum 

increase 

(ppb) 

Maximum 

Reduction 

(ppb)  

Maximum 

increase 

(ppb) 

Maximum 

Reduction 

(ppb) 

Maximum 

increase 

(ppb) 

15
th -40.1 5.7 -0.02 11.9 -0.023 11.8 

16
th

 -80.1 8 -0.05 23.6 -0.046 23.4 

17
th

 -115.9 13.9 -0.03 39.7 -0.03 39.4 

18
th

 -143.1 15.9 -0.011 42.6 -0.011 42.3 

19
th

 -157.7 17.6 -0.013 46.8 -0.012 46.7 

20
th

 -103.7 16.1 -0.011 30.7 -0.011 30.4 
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The spatial distributions of predicted daily maximum CO concentrations on 

September 19 for the most effective scenarios for each strategy are shown in Figure 4-4: 

PHEVs with EGU controls, E85 100% and the biofuels combination case (E85 100% + 

B100 100%). These values represent the maximum CO concentrations in each grid cell in 

the Austin MSA for the future year 2030 regardless of the time of day. The reductions are 

observed during the morning rush hours (8:00 AM) due to the decrease in CO emissions 

from the vehicle fleet. As can be seen in Figure 4-4, the maximum reductions are 

concentrated along the main transportation highway (IH-35) in central Travis County. 

The maximum increases in the E85 100% and biofuels combination scenarios also 

occurred in the IH-35 corridor due to increased mobile source exhaust emissions of CO.     

As shown in Table 4-1, emissions of VOCs decrease for the PHEV scenarios by 

approximately 10% - 17% and for the B100 scenarios by 0% - 3%. In contrast, VOC 

emissions increase by as much as 20% (E85 100%) for the E85 scenarios. This is due in 

part to the increased acetaldehyde emission rate, which is the dominant VOC species 

produced from the ethanol combustion reaction as shown in the following reaction 

(Winebrake et al., 2001):  

2C2H5OH + O2  2CH3CHO + 2H2O 

Table 4-9 shows predicted daily maximum aldehyde concentrations for the ECT A 

scenario and differences in predicted concentrations under the PHEV, E85, B100, and 

combination scenarios. The results are complex with respect to the direction of the 

changes in concentration, i.e., reductions in total VOC emissions do not necessarily mean 
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corresponding reductions in predicted aldehyde concentrations because aldehydes can be 

produced from the reactions of other mobile source pollutants in the atmosphere as 

secondary pollutants. For example, the 17% PHEV + 41.5% E85 and the B100 scenarios 

are predicted to increase aldehyde concentrations although they reduce total VOC 

emissions. In general, the use E85 alone or in combination with B100 results in higher 

VOC emissions and predicted aldehyde concentrations, while the use of PHEVs with or 

without additional EGU controls is predicted to decrease both VOC emissions and 

aldehyde concentrations.  

Table 4-10 shows the maximum difference in aldehyde concentrations between the 

17% PHEVs with EGU controls, E85 100% and combination scenarios relative to ECT 

A. These represent the maximum reduction in aldehyde concentrations or the greatest 

benefit that could be achieved when applying the scenario of interest, and the maximum 

increase or greatest disbenefit from the scenario regardless of the time of day or the 

location within the Austin MSA. 
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(c) 

(a) 

(d) 

(b) 

 
Figure 4-4: Spatial distribution of predicted grid cell maximum CO concentrations (ppb) for the 

(a) ECT A, (b) 17% PHEVs with EGU controls, (c) E85 100% and (d) biofuels combination 

(E85 100% + B100 100%) scenarios on September 19
th
. 
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Table 4-9: Predicted aldehyde concentrations for ECT A and differences in predicted daily maximum aldehyde concentrations 

for the PHEV, E85, B100 and combination scenarios.  Note that a negative value means decrease in aldehyde concentrations, 

and a positive means an increase in aldehyde concentrations. 
 

Aldehyde concentrations (ppb) 

Date 

Sept. 

ECT A PHEVs 

with 

EGU 

controls 

PHEVs 

without 

EGU 

controls 

17% PHEVs 

+ 

41.5 % E85   

E85  

 

30% 

E85  

 

50% 

E85  

 

100% 

B100  

 

30% 

B100  

 

50% 

B100  

 

100% 

E85 100%  

+  

B100 100% 

15 10.1 -0.1 -0.1 0.1 0.13 0.2 0.5 0.02 0.03 0.06 0.6 

16 12.8 -0.2 -0.2 0.2 0.3 0.5 0.9 0.04 0.06 0.13 1.0 

17 14.5 -0.3 -0.3 0.4 0.5 0.9 1.7 0.05 0.08 0.16 1.9 

18 16.5 -0.5 -0.4 0.5 0.7 1.1 2.3 0.03 0.04 0.09 2.3 

19 12.4 -0.5 -0.5 0.6 0.8 1.3 2.6 0.01 0.02 0.04 2.7 

20 12.9 -0.3 -0.3 0.4 0.5 0.8 1.5 0.06 0.1 0.19 1.7 
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Table 4-10: Maximum reductions and maximum increases in predicted daily maximum 

aldehyde concentrations for the PHEV with EGU controls, E85 100%, and E85 100% + 

B100 100% scenarios relative to ECT A. 
 

 17% PHEVs with 

EGU controls 
E85 100% E85 100% + B100 

100%. 

Date 

Sept. 

Maximum 
Reduction 

(ppb)  

Maximum 
increase 

(ppb) 

Maximum 
Reduction 

(ppb)  

Maximum 
increase 

(ppb) 

Maximum 
Reduction 

(ppb) 

Maximum 
increase 

(ppb) 

15
th -0.14 0.07 -0.002 0.62 -0.002 0.7 

16
th

 -0.23 0.1 -0.002 1.2 -0.002 1.3 

17
th

 -0.35 0.14 -0.003 1.9 -0.003 2.1 

18
th

 -0.45 0.17 -0.001 2.3 -0.001 2.4 

19
th

 -0.53 0.20 -0.001 2.7 -0.001 2.8 

20
th

 -0.27 0.18 -0.005 1.5 -0.005 1.7 

 

The changes in aldehyde concentrations range from -0.53 ppb to 2.8 ppb. The 

combination scenario results in the maximum increase in aldehyde concentrations 

because it includes both E85 and B100 fuels. The maximum reductions occurs with the 

17%PHEVs with EGU controls, which also has the largest VOC emissions reduction (-

3.7 tpd). Spatial distributions of aldehyde concentrations for these scenarios are shown in 

Figure 4-5. Maximum changes in aldehyde concentrations occur during the morning.    
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Figure 4-5: Spatial distribution of predicted grid cell maximum aldehyde concentrations 

(ppb) for the (a) ECT A, (b) 17% PHEVs with EGU controls, (c) E85 100% and (d) 

biofuels combination (E85 100% + B100 100%) scenarios on September 19. 
 

(d) 

(b) 

(c) 

(a) 
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4.7.   A COMPARISON BETWEEN THE PHEV AND BIOFUELS STRATEGIES WITH OTHER 

CONTROL STRATEGIES IN THE AUSTIN MSA 

The Austin MSA was among first areas prepared an Early Action Compact (EAC) to 

reduce maximum 8 hour ozone concentrations to attain the National Ambient Air Quality 

Standards (NAAQS).  As a part of the EAC, the Austin MSA assessed several control 

strategies, and examined the effectiveness of these emission control strategies for ozone 

precursors (The Capital Area Planning Council, 2004). One of the most notable strategies 

was implementation of a vehicle inspection and maintenance (I/M) program. In this 

strategy, all light duty gasoline vehicles (LDGV) and light duty gasoline trucks (LDGT) 

undergo annual inspection to identify high emitting vehicles. Inspections are conducted 

based on vehicle ages in which the OBDII testing program is used for 1996 model-year and 

newer vehicles and the Two-Speed Idle test is used for 1995 and older vehicles. The I/M test 

must be passed in order to obtain a vehicle registration renewal. It was est imated that this 

program would reduce NOx emission rates by -3.22 tpd and reduce VOC emission rates 

by -3.84 tpd relative to 2007 NOx and VOC emissions rates (51.3 and 33.2 tpd, 

respectively) from both light-duty and heavy-duty gasoline vehicles. The magnitude of 

the average reduction in the predicted daily maximum 8-hour averaged ozone 

concentration from implementation of the I/M strategy was -0.3 ppb relative to the 2007 

EAC Future Case. In comparison with the strategies considered in this study, PHEVs, 

E85 and the biofuels combination strategies have shown greater reductions in daily 

maximum 8-hour ozone concentrations (note that the reference cases differ between the 

EAC analysis, which is based on a 2007 Future Case, and the current study which is 
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based on a 2030 ECT A vision). The reductions in maximum 8-hour ozone 

concentrations were -1.35 ppb and -1.07 ppb for the 17% PHEVs with EGU controls and 

E85 100% scenarios respectively relative to ECT A. 
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CHAPTER 5:  Conclusions and Recommendations 

 

This research examined the future air quality benefits from partial electrification of 

the transportation fleet and the use of biofuels in the Austin MSA. Austin is one of the 

most rapidly growing urban areas in the United States, and the five-county MSA includes 

Travis, Williamson, Bastrop, Hays and Caldwell counties with a current population of 1.7 

million. Changes in NOx, VOC and CO emissions were determined for PHEV, E85, 

B100 and the biofuels combination scenarios. In addition, changes in predicted daily 

maximum 1-hour and 8-hour ozone, CO and aldehyde concentrations were estimated 

using CAMx. Several metrics were used to compare the strategies including total area, 

time integrated area and total daily population exposure exceeding a threshold of 1-hour 

ozone concentrations. The results were compared with a 2030 vision of urban growth in 

the Austin area based on a continuation of current development patterns developed by 

Song et al. (2008). The use of these metrics provided a more comprehensive analysis 

about the magnitude and spatial impacts of these strategies.  The key findings of the 

research are described below. 

Impacts on emissions: 

 Changes in NOx emissions rates from the use of PHEVs and biofuels and 

ranged from -5.2 tpd for the E85 100% to 0.1 tpd for the B100 100% 

scenarios. Use of PHEVs with and without EGU controls and use of E85 at 

30%, 50%, and 100% penetration in the Austin fleet were all predicted to 

reduce NOx emissions.  
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 Changes in VOC and CO emissions rates for the PHEVs, E85, B100 and 

combination scenarios ranged from -3.7 tpd to 3.4 tpd, and from -81.3 tpd 

and 23.7 tpd respectively. Increases in VOC and CO emissions were 

associated with the use of E85 alone or in combination with B100 for the 

scenarios considered in this study. 

 

Impacts on predicted 1-hour ozone concentrations: 

 Differences in daily maximum 1-hour ozone concentrations due to the PHEV 

strategies ranged from -2.3 ppb to 0.004 ppb and for the E85 strategies 

ranged from -1.53 ppb to 0 ppb relative to ECT A.   

 The B100 scenarios showed no difference or very small increases (0.06 ppb 

or less) in daily maximum 1-hour ozone concentrations relative to ECT A.   

 Because of the reductions in NOx emissions associated with E85, the results 

for the biofuels combination scenarios are similar to those for the E85 

scenario.  

 The maximum differences in 1-hour ozone concentrations regardless of time 

of day or magnitude ranged from -8.5 ppb to 2.8 ppb for all strategies 

relative to ECT A. The largest reductions were observed for the PHEV 

scenarios, while the maximum increase occurred for the E85 100% scenario.  

 The increases of ozone concentrations for the E85 100% scenario were 

associated with NOx disbenefits in the morning along transportation 

corridors which resulted in less titration of ozone.  

 

Impacts on predicted 8-hour ozone concentrations: 

 Differences in daily maximum 8-hour ozone concentrations due to the PHEV 

strategies ranged from -1.35 ppb to 0.11 ppb. 

 All of the E85 scenarios and the biofuels combination scenario showed 

reductions in daily maximum 8-hour ozone concentrations. For the E85 case, 

the magnitude of reductions ranged from -1.07 ppb to -0.1 ppb. 
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 The biofuels combination case showed similar results to those for the E85 

100% scenario.   

 The B100 strategy showed a modest increase in maximum 8-hour ozone 

concentrations (<0.04 ppb).  

 Similarities and differences were evident between these results and those 

described above for 1-hour averaged concentrations. For example, 

o For both the 1-hour and 8-hour maximum daily ozone concentrations, 

the maximum reductions were achieved using 17% PHEVs with 

EGU controls. 

o The maximum reduction occurred on two different days. September 

19
th
 for the daily maximum 1-hour ozone concentration, and 

September 20
th
 for the 8-hour averaged ozone concentration. 

o The maximum increase in daily maximum ozone concentrations was 

observed on two different days.  

 

Impacts on area and population exposure metrics: 

 The impacts on total area, time integrated area and total daily population 

exposure exceeding different threshold of 1-hour ozone concentrations 

varied between strategies and episode days.  

 The strategy with the greatest percentage reduction did not necessarily reflect 

the greatest reduction in maximum daily 1-hour ozone concentrations.  

 Some strategies with low percentages of reduction can reduce total area or 

population exposure above a threshold more than other strategies with a 

higher percentage of reduction, depending on the total number of affected 

grid cells.  
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Impacts on CO and aldehyde concentrations: 

 Changes in daily maximum CO concentrations ranged from -157.7 ppb for 

the 17% PHEV with EGU controls scenario to 46.8 ppb for the E85 100% 

scenario. 

 The use of PHEVs and B100 decreased predicted daily maximum CO 

concentrations. However, the use of E85 increased CO concentrations and 

led to a penalty when used in combination with PHEVs or B100, which was 

consistent with the changes in CO emissions. Maximum changes in predicted 

CO levels were concentrated along the main transportation highway (IH-35) 

in central Travis County. 

 Maximum changes in daily maximum aldehyde concentrations ranged from -

0.53 ppb to 2.8 ppb. Maximum reductions were associated with the 17% 

PHEVs with EGU controls scenario, while the maximum increase was 

associated with the biofuels combination strategy.  

 Reductions in total VOC emissions did not necessarily mean corresponding 

reductions in predicted aldehyde concentrations.  

Although this research was conducted using a case study for the Austin MSA, the 

framework can be applied to other locations of interest.   

The impacts of these strategies on local and regional air quality are not limited to 

ozone, and their interactions can be complex. For example, although PHEVs have shown 

promising results in terms of reducing daily maximum ozone concentrations, they have 

also been associated with higher SO2 emissions than conventional gasoline vehicles due 

to the electricity generation necessary for battery recharging. PHEVs have the potential to 

reduce particulate matter from vehicle exhaust associated with conventional gasoline 

vehicles, but higher SO2 emissions could contribute to acid rain and secondary particulate 
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matter formation. Policies are necessary to encourage charging of PHEV batteries from 

low carbon electricity generation to achieve maximum greenhouse gas and regional air 

pollutant reductions. Most studies have concluded that the maximum air quality benefits 

are achieved when the electricity is produced by renewable fuels. In addition, strategies 

and policies must consider the life cycle inventory emissions of E85 compared with those 

from gasoline fuel to provide a comprehensive understanding on the impacts of E85 fuel 

on human health. These implications for air quality and population exposure in urban 

areas are recommended for future work. 
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A. Appendix A: Spatial distribution of the maximum differences 

(O3test – O3 ECT A) in hourly O3 concentrations for the most effective 

strategies. 

Appendix A shows the spatial distribution of the maximum differences (O3test – 

O3 ECT A) in hourly O3 concentrations from September 15
th

 to September 20
th

 regardless of 

time of day or magnitude for the three most effective strategies: E85 100%, 17% PHEVs 

with EGU controls, the combination case and 17%PHEVs+41.5%E85.  

 
Figure A-1: Maximum increase in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 15
th 
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Figure A-2: Maximum decrease in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 15
th
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Figure A-3: Maximum increase in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 16
th
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Figure A-4: Maximum decrease in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 16
th
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Figure A-5: Maximum increase in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 17
th
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Figure A-6: Maximum decrease in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 17
th
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Figure A-7: Maximum increase in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 18
th
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Figure A-8: Maximum decrease in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 18
th
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Figure A-9: Maximum increase in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 19
th
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Figure A-10: Maximum decrease in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 19
th
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Figure A-11: Maximum increase in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 20
th
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Figure A-12: Maximum decrease in 1-hr O3 concentration (17% PHEVs with EGU 

controls – ECT A), Sept. 20
th
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Figure A-13: Maximum increase in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 15
th
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Figure A-14: Maximum decrease in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 15
th
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Figure A-15: Maximum increase in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 16
th
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Figure A-16: Maximum decrease in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 16
th
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Figure A-17: Maximum increase in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 17
th 
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Figure A-18: Maximum decrease in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 17
th
  

 



 113 

 
Figure A-19: Maximum increase in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 18
th 
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Figure A-20: Maximum decrease in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 18
th
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Figure A-21: Maximum increase in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 19
th 
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Figure A-22: Maximum decrease in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 19
th
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Figure A-23: Maximum increase in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 20
th 
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Figure A-24: Maximum decrease in 1-hr O3 concentration (17% PHEVs without EGU 

controls – ECT A), Sept. 20
th
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Figure A-25: Maximum increase in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 15
th 
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Figure A-26: Maximum decrease in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 15
th 
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Figure A-27: Maximum increase in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 16
th
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Figure A-28: Maximum decrease in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 16
th 
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Figure A-29: Maximum increase in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 17
th
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Figure A-30: Maximum decrease in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 17
th 
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Figure A-31: Maximum increase in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 18
th
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Figure A-32: Maximum decrease in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 18
th 
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Figure A-33: Maximum increase in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 19
th
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Figure A-34: Maximum decrease in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 19
th 
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Figure A-35: Maximum increase in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 20
th
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Figure A-36: Maximum decrease in 1-hr O3 concentration (17% PHEVs + 41.5% E85 – 

ECT A), Sept. 20
th 
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Figure A-37: Maximum increase in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

15
th
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Figure A-38: Maximum decrease in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

15
th
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Figure A-39: Maximum increase in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

16
th
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Figure A-40: Maximum decrease in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

16
th
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Figure A-41: Maximum increase in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

17
th
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Figure A-42: Maximum decrease in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

17
th
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Figure A-43: Maximum increase in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

18
th
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Figure A-44: Maximum decrease in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

18
th
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Figure A-45: Maximum increase in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

19
th
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Figure A-46: Maximum decrease in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

19
th
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Figure A-47: Maximum increase in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

20
th
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Figure A-48: Maximum decrease in 1-hr O3 concentration (E85 30% – ECT A), Sept. 

20
th
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Figure A-49: Maximum increase in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

15
th
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Figure A-50: Maximum decrease in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

15
th
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Figure A-51: Maximum increase in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

16
th
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Figure A-52: Maximum decrease in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

16
th
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Figure A-53: Maximum increase in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

17
th
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Figure A-54: Maximum decrease in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

17
th
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Figure A-55: Maximum increase in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

18
th
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Figure A-56: Maximum decrease in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

18
th
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Figure A-57: Maximum increase in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

19
th
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Figure A-58: Maximum decrease in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

19
th
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Figure A-59: Maximum increase in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

20
th
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Figure A-60: Maximum decrease in 1-hr O3 concentration (E85 50% – ECT A), Sept. 

20
th
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Figure A-61: Maximum increase in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

15
th
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Figure A-62: Maximum decrease in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

15
th
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Figure A-63: Maximum increase in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

16
th
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Figure A-64: Maximum decrease in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

16
th
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Figure A-65: Maximum increase in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

17
th
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Figure A-66: Maximum decrease in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

17
th
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Figure A-67: Maximum increase in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

18
th
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Figure A-68: Maximum decrease in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

18
th
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Figure A-69: Maximum increase in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

19
th
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Figure A-70: Maximum decrease in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

19
th
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Figure A-71: Maximum increase in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

20
th
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Figure A-72: Maximum decrease in 1-hr O3 concentration (E85 100% – ECT A), Sept. 

20
th
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Figure A-73: Maximum increase in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

15
th
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Figure A-74: Maximum decrease in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

15
th
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Figure A-75: Maximum increase in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

16
th
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Figure A-76: Maximum decrease in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

16
th
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Figure A-77: Maximum increase in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

17
th
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Figure A-78: Maximum decrease in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

17
th
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Figure A-79: Maximum increase in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

18
th
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Figure A-80: Maximum decrease in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

18
th
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Figure A-81: Maximum increase in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

19
th
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Figure A-82: Maximum decrease in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

19
th
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Figure A-83: Maximum increase in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

20
th
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Figure A-84: Maximum decrease in 1-hr O3 concentration (B100 30% – ECT A), Sept. 

20
th
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Figure A-85: Maximum increase in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

15
th
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Figure A-86: Maximum decrease in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

15
th
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Figure A-87: Maximum increase in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

16
th
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Figure A-88: Maximum decrease in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

16
th
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Figure A-89: Maximum increase in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

17
th
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Figure A-90: Maximum decrease in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

17
th
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Figure A-91: Maximum increase in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

18
th
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Figure A-92: Maximum decrease in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

18
th
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Figure A-93: Maximum increase in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

19
th

 

 



 188 

 
Figure A-94: Maximum decrease in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

19
th
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Figure A-95: Maximum increase in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

20
th
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Figure A-96: Maximum decrease in 1-hr O3 concentration (B100 50% – ECT A), Sept. 

20
th
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Figure A-97: Maximum increase in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

15
th
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Figure A-98: Maximum decrease in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

15
th
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Figure A-99: Maximum increase in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

16
th
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Figure A-100: Maximum decrease in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

16
th
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Figure A-101: Maximum increase in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

17
th
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Figure A-102: Maximum decrease in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

17
th
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Figure A-103: Maximum increase in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

18
th
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Figure A-104: Maximum decrease in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

18
th
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Figure A-105: Maximum increase in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

19
th
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Figure A-106: Maximum decrease in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

19
th
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Figure A-107: Maximum increase in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

20
th
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Figure A-108: Maximum decrease in 1-hr O3 concentration (B100 100% – ECT A), Sept. 

20
th
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Figure A-109: Maximum increase in 1-hr O3 concentration (Combination case – ECT A), 

Sept. 15
th
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Figure A-110: Maximum decrease in 1-hr O3 concentration (Combination case – ECT 

A), Sept. 15
th
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Figure A-111: Maximum increase in 1-hr O3 concentration (Combination case – ECT A), 

Sept. 16
th
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Figure A-112: Maximum decrease in 1-hr O3 concentration (Combination case – ECT 

A), Sept. 16
th
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Figure A-113: Maximum increase in 1-hr O3 concentration (Combination case – ECT A), 

Sept. 17
th
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Figure A-114: Maximum decrease in 1-hr O3 concentration (Combination case – ECT 

A), Sept. 17
th
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Figure A-115: Maximum increase in 1-hr O3 concentration (Combination case – ECT A), 

Sept. 18
th
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Figure A-116: Maximum decrease in 1-hr O3 concentration (Combination case – ECT 

A), Sept. 18
th
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Figure A-117: Maximum increase in 1-hr O3 concentration (Combination case – ECT A), 

Sept. 19
th
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Figure A-118: Maximum decrease in 1-hr O3 concentration (Combination case – ECT 

A), Sept. 19
th
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Figure A-119: Maximum increase in 1-hr O3 concentration (Combination case – ECT A), 

Sept. 20
th
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Figure A-120: Maximum decrease in 1-hr O3 concentration (Combination case – ECT 

A), Sept. 20
th
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B. Appendix B:  VOC compounds speciated using carter’s database.  

Table B-1:VOC speciation compunds, cas code and carter’s cas code.  

Name of Compound Cas Code 

Carter's Cas 

Code 

methane 74-82-8 C74-82-8 

ethane 74-84-0 C74-84-0 

ethylene 74-85-1 C74-85-1 

propylene 115-07-1 C115-07-1 

acetylene 74-86-2 C74-86-2 

n-butane 106-97-8 C106-97-8 

1-butene 106-98-9 C106-98-9 

2-methylpropene (isobutene) 115-11-7 C115-11-7 

1-propyne 74-99-7 C74-99-7 

1,3-butadiene 106-99-0 C106-99-0 

2-methylpropane; isobutane 75-28-5 C75-28-5 

n-pentane 109-66-0 C109-66-0 

isoprene 78-79-5 C78-79-5 

2-methylpentane 107-83-5 C107-83-5 

3-methylpentane 96-14-0 C96-14-0 

2-methyl-1-pentene 763-29-1 C763-29-1 

1-hexene 592-41-6 C592-41-6 

n-hexane 110-54-3 C110-54-3 

2,2-dimethylpentane 590-35-2 C590-35-2 

methylcyclopentane 96-37-7 C96-37-7 
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Table B-1: (Contd.) 

Name of Compound Cas Code 

Carter's Cas 

Code 

2,2,3-trimethylbutane 464-06-2 C464-06-2 

benzene 71-43-2 C71-43-2 

cyclohexane 110-82-7 C110-82-7 

2,2,4-trimethylpentane 540-84-1 C540-84-1 

n-heptane 142-82-5 C142-82-5 

3-ethyl-2-pentene 816-79-5 C816-79-5 

3-ethylpentane 617-78-7 C617-78-7 

toluene 108-88-3 C108-88-3 

2,2,5-trimethylhexane 3522-94-9 C3522-94-9 

trans-1-methyl-3-ethylcyclopentane 2613-65-2 C2613-65-2 

formaldehyde 50-00-0 C50-00-0 

acetaldehyde 75-07-0 C75-07-0 

acrolein (2-propenal) 107-02-8 C107-02-8 

acetone 67-64-1 C67-64-1 

propionaldehyde 123-38-6 C123-38-6 

crotonaldehyde 4170-30-3 C4170-30-3 

isobutyraldehyde 78-84-2 C78-84-2 

methyl ethyl ketone (mek) (2-

butanone) 78-93-3 C78-93-3 

benzaldehyde 100-52-7 C100-52-7 

isovaleraldehyde (3-methylbutanal) 590-86-3 C590-86-3 

n-pentanal (n-valeraldehyde) 110-62-3 C110-62-3 
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Table B-1: (Contd.) 

Name of Compound Cas Code 

Carter's Cas 

Code 

o-tolualdehyde 529-20-4 C529-20-4 

m-tolualdehyde 620-23-5 C620-23-5 

p-tolualdehyde {4-

methylbenzaldehyde} 104-87-0 C104-87-0 

hexanal (hexanaladehyde) 66-25-1 C66-25-1 
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