
  
Abstract—Life cycle assessment of bio-ethanol fuel and their 

emissions in the transportation sector are studied in this research. The 
pollutants studied here include greenhouse gases, volatile organic 
compounds, nitrous oxide, sulfur oxide, and particulate matter PM10, 
and PM2.5. The Greenhouse Gases, Regulated Emissions, and 
Energy Use in Transportation (GREET) model is used to simulate the 
chosen vehicle engines and fuel types for the targeted pollutants. It is 
found that the fuel cell vehicles using 100% bio-ethanol has shown 
the most reduction in the amount of all the pollutants from well-to-
vehicle emission analysis. For well-to-pump analysis show that only 
GHGs reduce with higher blends of bio-ethanol.The CO and PM2.5 
pollutants’ emissions increased for increasing bio-ethanol fuels blend 
ratio. All other pollutants, VOC, NOx, SOx, and PM10 increased 
emissions until E85 blending ratio.  However E100 bio-ethanol 
shows a reverse trend for these pollutants emissions. 
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I. INTRODUCTION 
RANSPORTATION by means of motor vehicles is 
increasing with increasing population and economical 

activities. Currently, most of the motor vehicles are using high 
amount of gasoline or diesel produced from fossil 
fuels.According to International Energy Agency statistics, the 
transportation sector accounts for about 60% of the world’s 
total fossil oil consumption [1].The fossil fuel as the main 
feedstock or the source where the gasoline and diesel are 
obtained is a limited natural resource. The dependency on 
fossil fuels has been greatly increasing in the past few 
decades. With the limited natural resource reserves,this 
dependency on fossil reserves will not last for a long period. 
With current consumption trends, the reserves-to-production 
(R/P) ratio of world proven reserves of oil is lower than that of 
world proven reserves of natural gas and coal — 41.6 years 
versus 60.3 and 133 years [1].  

For this reason, some other alternative sources need to be 
introduced to provide for a long term reliable fuel supply. Bio-
fuel is emerging as a possible solution to this problem. The 
advantage of using bio-fuel will be less dependency on the 
natural fossil fuel resources. 
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  Transportation vehicles using fossil fuels emit large amount 
of greenhouse gases (GHG) and other harmful criteria air 
pollutants which are a threat to global environment and human 
health. With increasing usage of transportation vehicles, this 
trend is becoming even worse. According to Goldemberg, 
motor vehicles account for more than 70% of global carbon 
monoxide (CO) emissions and 19% of global carbon dioxide 
(CO2) emissions [1]. Bio-fuels are obtained from biomass 
such as plants. The plants biomass gain energy from sun-light 
and assimilate large amount of carbon dioxide during their 
growth stages. Thus, the use of bio-fuel will not only limit the 
dependency on fossil fuel, but will also contribute in the 
efforts to reduce greenhouse gases emission. The first 
generation bio-fuels, bio-ethanol and biodiesel are widely used 
in the United States, which are petroleum based fuels and used 
as a percentage volume of corn ethanol blended with gasoline 
and diesel [2].Previous studies suggest that the use of bio-
ethanol significantly reduces the emission of greenhouse gases 
and other pollutants. This is one of the most important 
advantages of using bio-ethanol instead of fossil fuel. As 
ethanol contains oxygen, it becomes a better combustible oil 
than the fossil fuel oils, reducing the emission of pollutants by 
up to half, depending on the bio-fuel and the blend mix [2]. 

 In Houston metropolitan area great amount of VOC and 
NOx emissions are released daily from transportation vehicles. 
These released VOC and NOx plus similar emissions from 
other sources act as the precursors to ozone formation under 
favorable weather conditions prevailing in Houston to cause 
the severe secondary ozone pollution. So the usage of 
alternative bio-fuels as transportation fuels in Houston area 
has the additional benefit of mitigating the secondary ozone 
pollution. The objective of this study is to conduct the life 
cycle assessment of bio-ethanol from corn. The study will 
analyze the emissions of GHGs and criterion gases such as 
VOC, SOx, NOx, CO, PM10, and PM2.5 from the production 
of bio-ethanol fuels (Feedstock+Fuel) and vehicle usage. 
Furthermore, various blends of bio-ethanol and gasoline are 
introduced to study the higher blend trends. The GREET 
(Greenhouse gases, Regulated Emissions, and Energy use in 
Transportation) Fuel-Cycle software is used to analyze the 
emission of pollutants in kg/day using VMT (Vehicle Mile 
Travel) report for Houston, TX. 
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II. METHODOLOGY 

A. GREET Model Software 
The emission of Greenhouse gases and other pollutants are 

analyzed using a unique model, GREET (Greenhouse gases, 
Regulated Emissions, and Energy use in Transportation) is 
used. It is created at Argonne National Lab. The GREET 
model simulates fuel cycle for the transportation fuels. It 
estimates energy use, emissions of GHGs and criteria 
pollutants for vehicle/fuel systems [3].  
 GREET model is basically designed to analyze the energy 
and emissions impacts of transportation vehicles by using 
various fuels type. There are two important pathways; the fuel 
cycle from wells to wheels, and the vehicle cycle through 
material recovery. In this study, the life cycle analysis from 
wells to wheels is used. This software includes number of fuel 
production pathways coming from different energy feed stocks 
for instance ethanol from corn or sugarcane or cellulosic 
biomass pathway. The fuel production pathways in GREET 
model consist of petroleum, natural gas, naphtha, liquid 
petroleum gas, ethanol, biomass, biodiesel, electricity, gaseous 
H2 production, and liquid H2 production [3]. GREET focuses 
on the three vehicle classes; passenger cars, Light duty truck 1 
(LDT1<6000lb), Light duty truck 2 (6000lb<LDT2<=8500lb). 
The engine types available are spark ignition (SI) engine, 
spark-ignition, direct injection (SIDI) engine, compression-
ignition, direct-injection (CIDI) engine, and Fuel Cell 
Vehicles (FCV)[3]. 

B. Fuel Blends and Engines Types 
The various blends of bio-ethanol and gasoline used in this 

study include E10 (10% ethanol and 90% gasoline), E15, E25, 
E85 and E100. The vehicle engines types used are spark 
ignition (SI) engine, flexible fuel vehicles (FFV) including 
dedicated bio-ethanol type, and fuel cell vehicles (FCV).  

C. Targeted Years 
The years that are selected include 2011, 2014, and 2017. 

The base year for GREET software is taken as 2006, due to 
the availability of vehicle model data. Furthermore, the years 
are selected based on the available data of Harris county 
VMT, from where the Houston’s data is extracted. 

D. Assumptions for VMT Development 
Finding the information about Houston’s daily vehicle 

miles traveled, and the percentage of each vehicle travelling is 
difficult to locate. There is limited information available 
regarding to the Houston’s transportation data. However, daily 
vehicle miles travel for Harris county is available. The VMT 
for Houston has been established by using a ratio of Houston 
to Harris County VMT and same ratio is used for different 
analysis years. The miles travelled for the three kinds of 
vehicle types, passenger cars, Light duty truck 1, and light 
duty truck 2 is obtained from the Harris County’s data for mix 
vehicle percentage and same percentage is used for Houston, 
and the actual VMT for targeted vehicles are calculated. 

E.  VMT Development 
The finding of the daily Vehicle Miles Travel (VMT) for 

Houston is a very important task to complete this research. 
The only update data about Houston Highway information is 
found for the year of 2002. Thus, in order to make comparison 
past 2002, Harris County’s data is used. The daily VMT for 
Houston is taken as a ratio of daily VMT for Harris County. 
This ratio is calculated by studying the data of Houston and 
Harris County’s VMT taken from 2002 Annual Average Daily 
Traffic of Highway Performance Monitoring System (HPMS) 
values [4,5]. Furthermore, the assumption for percentage of 
VMT by vehicle classification is made by using the 
information for the HGB region to the Houston area.  

F. GREET Model Simulations 
After gathering all the required data, the GREET 

simulations are performed for the required years and vehicles 
types. First, the year 2011 is selected to analyze. Each vehicle 
type is chosen to simulate for different years. Only simulation 
results of passenger cars vehicle type are presented in this 
paper. The fuel pathways are petroleum including gasoline and 
bio-ethanol. The bio-ethanol blend levels consist on low level 
blend (5-25% by volume with gasoline), high level blend (50-
90% by volume with gasoline) and 100% ethanol for fuel cell 
vehicles (FCV). Thus, various simulations cycles are run for 
E10, E15, E25, and E85. 

III. RESULTS AND DISCUSSION 

3.1.  Daily Travel Model Vehicle Miles Traveled: 
The following table is created after performing the same 

ratio calculation from taking Harris County’s VMT and 
comparing with Houston’s. This VMT data is further used in 
studying emissions of pollutants for specific year.  

 
TABLE I 

 VMT OF HOUSTON BY VEHICLE CLASSIFICATIONS AND ANALYSIS  
YEARS [6,7] 

   VMT (miles)  

Vehicle Type 2011 2014 2017 

Passenger Cars 8,344,085 8,993,198 9,535,834 

LDT1 3,102,828 3,352,685 3,545,714 

LDT2 1,398,409 1,499,672 1,598,415 

 

3.2. Emission Analysis: 
The life cycle assessment of bio-ethanol emissions 

preformed by GREET model simulation consist of two stages 
of fuel cycle: wells to pump and pump to vehicle emissions 
analysis. First, well-pump analysis focuses on the feedstock 
and fuel selections. Feedstock stage addresses the energy use 
or emissions released in gathering raw materials (land use, 
distribution etc). Fuel stage analyses the emissions in 
developing the specific fuel such as E25, E85 etc. Next, pump-
to-vehicle emissions analysis focuses on studying the 
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pollutants’ emissions from vehicle operation. The calculated 
results are listed in Table II for each bio-ethanol fuel blend, 
engine’s type and year. Furthermore, the emissions plots are 
created to show percentage reduction. The negative percentage 
in reduction shows the increase in the particular gas emissions.   

  
TABLE II 

 WELL-TO-PUMP 2011, 2014, 2017 DAILY TOTAL EMISSIONS OF 
POLLUTANTS IN KG/DAY FOR PASSENGER CARS 

Pollutants 
(2011) 

E0 E25 E85 E100 

GHGs 7.95E+5 6.66E+5 2.21E+5 -1.01E+6 

VOC 1,121 1,310 1,926 516 

CO 516 657 1,117 1,704 

NOx 1,931 2,291 3,471 2,299 

PM10 315 515 1,168 373 

PM2.5 163 218 400 790 

SOx 1,028 1,290 2,149 992 

Pollutants 
(2014) 

E0 E25 E85 E100 

GHGs 8.35E+5 6.88E+5 1.85E+5 -1.06E+6 

VOC 1,164 1,354 1,975 499 

CO 525 653 1,069 1,539 

NOx 1,901 2,215 3,242 2,154 

PM10 317 517 1,172 358 

PM2.5 164 218 394 696 

SOx 1,002 1,242 2,027 944 

Pollutants 
(2017) 

E0 E25 E85 E100 

GHGs 8.52E+5 6.90E+5 1.40E+5 -1.07E+6 

VOC 1,173 1,359 1,967 460 

CO 522 634 1,003 1,351 

NOx 1,845 2,112 2,984 1,949 

PM10 313 508 1,146 328 

PM2.5 162 212 377 623 

SOx 975 1,196 1,919 868 

 

3.2.1 Well-to-Pump Emissions Analysis 
The well-to-pump analysis refers to the emissions of 

pollutants from the production of fuel blend. The Table II 
listed the model simulation results of well-to-pump emission 
analysis for year 2011, 2014, and 2017 after incorporating the 
VMT development results in Houston. From Table II results 
showed that GHGs emission reduced with increasing blend 
ratio of bio-ethanol in gasoline. Other pollutants’ emissions 
such as VOC, NOx, PM10, and SOx increased as the 
production of higher bio-ethanol blends ratio until E85. 
However, 100% bio-ethanol fuel emits less VOC and SOx 
pollutants than E0, less NOx and PM10 pollutants than E25. 

The exception is that for CO and PM2.5 pollutant’s emissions 
increased with increasing bio-ethanol blend ratio until 100% 
blend ratio.Comparison between different targeted years under 
same bio-ethanol blend ratio, GHGs emission increased for 
each subsequent target year for E0, E25, E85 except for E100 
which decreased with future years. For CO, NOx, SOx 
pollutant’s emissions decreased for future years at all blend 
ratio levels. The VOC, PM10 and PM2.5 pollutants emissions 
did not demonstrate significant change. 

Figure 1 shows the percentage reductions of pollutants 
emissions. The negative percentage in reduction shows the 
increase in the particular pollutants emissions. The data results 
show that only GHGs reduce when using higher blends of bio-
ethanol and gasoline. Reduction of 4%, 8%, 16% and 72% 
GHGs achieved when producing E10, E15, E25 and E85 fuel 
blends respectively. More than twice the emissions reduction 
is achieved for GHGs using E100 fuel. The pollutants CO and 
PM2.5 have negative percentage with emission increased by 
160% and 285%, respectively at E100 blend level. Other 
pollutants emissions percentages including VOC, SOx, NOx, 
and PM10 demonstrated some reduction or no significant 
change at E100 fuel compared to E0 fuel. 

 

 
Fig. 1 Well-to-Pump 2017 Percentage Reduction of 

Emissions for Passenger Cars 
 

3.2.2. Pump-to-Vehicle Emissions Analysis 
The pump-to-vehicle emission analysis refers to the 

pollutants emissions from the use of fuel blends by different 
vehicle engine types.  Houston’s VMT report is used to 
determine the emissions in kg/day. The pump-to-vehicle is 
crucial in a sense that it accounts for more than half of the 
total emissions starting from wells.  

Passenger Cars are the most driven vehicles in Houston 
area. Thus, they are responsible for the most emissions of 
pollutants. Passenger cars are simulated for engines including 
SI, FFV, FFV-Dedicated and FCV and various fuel blends. 
Table III lists the pollutants’ emissions of passenger cars for 
the year of 2011, 2014, and 2017. Figure 2 shows the 
percentage reduction of pollutants emissions for pump-to-
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vehicle stage.  
 

TABLE III  
PUMP-TO-VEHICLE 2011, 2014, 2017 DAILY TOTAL EMISSIONS OF 

POLLUTANTS IN KG/DAY FOR PASSENGER CARS 
  SI FFV SI FFV FCV 

Pollutant 
(2011) 

E25 E25-
Dedi. 

E85 E85-
Dedi. 

E100 

GHGs 3.10E+6 2.90E+6 3.06E+6 2.86E+6 2.03E+6 

VOC 1,383 1,383 1,383 1,383 387 

CO 30,826 30,826 30,826 30,826 6,165 

NOx 1,056 1,056 1,056 1,056 211 

PM10 239 239 239 239 171 

PM2.5 123 123 123 123 61 

SOx 49 46 17 16 0 

  SI FCV SI FFV FCV 

Pollutant 
(2014) 

E25 E25-
Dedi. 

E85 E85-
Dedi. 

E100 

GHGs 3.23E+6 3.02E+6 3.19E+6 2.98E+6 2.08E+6 

VOC 1,340 1,340 1,340 1,340 386 

CO 31,859 31,859 31,859 31,859 6,372 

NOx 750 750 750 750 150 

PM10 257 257 257 257 184 

PM2.5 133 133 133 133 66 

SOx 51 48 18 16 0 

  SI FCV SI FFV FCV 

Pollutant 
(2017) 

E25 E25-
Dedi. 

E85 E85-
Dedi. 

E100 

GHGs 3.26E+6 3.05E+6 3.22E+6 3.01E+6 2.03E+6 

VOC 1,364 1,364 1,364 1,364 398 

CO 33,261 33,261 33,261 33,261 6,652 

NOx 658 658 658 658 132 

PM10 273 273 273 273 195 

PM2.5 141 141 141 141 70 

SOx 52 48 18 16 0 

 
The GHGs are the major emitted gases of all the targeted 

pollutants. As the higher blends introduced, the GHGs seem 
to be reduced at a very slow rate. There is almost no reduction 
achieved in GHGs for E10, E15, E25 and E85 using SI 
engines. About 7% and 8% GHGs emission reduction is 
observed for FFV using E25 and E85 respectively. The GHGs 
for E100 using FCV reduce about 35%. VOC emissions 
reduced about 5% for SI: E25 and E85, and FFV Dedicated: 
E25 and E85. 73% reduction of VOC is observed using FCV: 
E100. The emissions of CO, NOx, PM10, and PM2.5 remain 
constant for various kinds of fuel blends except E100. 
Reductions of 80%, 80%, 28% and 50% of CO, NOx, PM10, 

and PM2.5 are obtained respectively for FCV: E100. Last, 
SOx emissions also reduced as the higher blends are 
simulated. Total reduction of SOx emission is seen using 
FCV: E100.  
 

 
Fig. 2 Pump-to-Vehicle 2017 Percentage Reduction of Emissions 

for Passenger Cars 

IV. CONCLUSIONS 
The life cycle emissions of GHGs, VOC, CO, NOx, SOx, 

PM10, and PM2.5 forbio-ethanol fuel blends with gasoline in 
Houston market. Life cycle assessment of well-to -pump and 
pump-to-vehicle is simulated using GREET model.  

It is determined that the pollutants’ emission not only 
depend on the fuel type, but also the type of vehicle engine.  
First, the well-to-pump analysis shows that only GHGs 
emissions reduced with the higher bio-ethanol fuel blend. 
However, CO and PM2.5 pollutants’ emissions increased for 
increasing bio-ethanol fuels blend ratio. All other pollutants, 
VOC, NOx, SOx, and PM10 demonstrated increased 
emissions until E85 blending ratio.  However E100 bio-
ethanol shows a reversed trend for these pollutants emissions. 
Next, pump-to-vehicles emissions analysis provides with a 
positive relationship between emissions reduction and higher 
blends of bio-ethanol usage in vehicles. The 100% bio-ethanol 
fuel remains the best options to use in transportation vehicles 
which reduce the emissions of all the pollutants. Also, fuel cell 
vehicle achieves the most vehicles’ emissions reduction as 
compared to SI or FFV. All the targeted years for simulations 
follow the same trend for emissions.  

Thus, the research concludes being FCV using E100 the 
best option to improve the air quality of Houston. There may 
be several factors which can bring hurdles in implementing 
FCV: E100 in the market. These factors may include the 
increased cost of manufacturing fuel cell vehicle, energy 
density problem with the bio-ethanol fuel, land consumption 
to produce bio-ethanol fuel, and low freezing point of bio-
ethanol which may not be suitable at freezing temperature.  
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