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Executive Summary 
 

This study examines the tailpipe and greenhouse gas emissions savings from the use of ten and twenty 

percent ethanol blends in five mega cities around the world including Beijing, Delhi, Seoul, Tokyo, 

and Mexico City. The unique feature of the study is that it explores the comprehensive environmental 

linkages from fuel production through health impact. It takes into account: a) the regionally specific 

fuel blending requirements to meet local fuel specification, b) the calculated tailpipe emissions 

reductions in the local vehicle fleet and the local vehicle technology, c) the concentration reductions in 

the local atmosphere from the reduced tailpipe emissions, d) the localized health impact and treatment 

cost.  

 

The model results indicate that ethanol added to gasoline will alter the gasoline formulation towards 

lower aromatic fuels and lower tailpipe emissions resulting in health benefits such as reduced cancer 

rates and health care costs. The benefits of such policies can be explored in conjunction with other 

clean transportation policies such as 

stricter fuel economy standards or 

electrification deployed separately or in 

combination. 

 

The results of the study are based on a 

spreadsheet based model termed the 

International Biofuels Emissions 

Analysis Model (iBEAM). This model 

was developed in order to facilitate the 

exploration of many likely blending, 

emissions, and electric vehicle (EV) 

adoption scenarios in an open and 

transparent way while incorporating 

data from the latest ethanol-gasoline 

blend vehicle emissions studies. 

 

Tailpipe Emissions 

The iBEAM model consists of a vehicle characterization module which is combined with an emission 

factor assessment for both gasoline and ethanol to derive total emissions adjustments from ethanol 

blended gasoline. In the model the projected passenger car population takes into account a) the 

projected electric vehicle share and b) the annual new car additions and replacement of retired 

vehicles. 

The emissions factors for both gasoline and ethanol are assessed in two different ways: 
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¶ Emissions Factors for Gasoline from Complex Model. In this case we ran the US EPA 

Complex Model with country 

specific gasoline samples to derive 

emissions factors for gasoline. 

¶ Emissions Factors for Ethanol 

from Complex Model. A base 

gasoline was established for each 

city that met the properties of the 

gasoline samples followed by a 

modeled adjustment of the 

gasoline blend stocks from ethanol 

blending. 

¶ Emissions Factors for Gasoline 

from past and future emissions 

standards. The past, current, and future emissions standards governing each city was surveyed 

for each city. The standards specify the emissions limits set for gasoline passenger vehicles for 

the applicable test protocols. 

¶ Emissions Factors for Ethanol from published vehicle emissions studies. We surveyed the 

literature for substantially all major gasoline-ethanol vehicle emissions studies (for E10 and 

E20) and summarized the expected impact from ethanol on combustion emissions. 

¶ For hydrocarbon emissions from gasoline and ethanol the effects of altitude and reid vapor 

pressure on evaporative emissions were added as well as an explicit representation of refueling 

losses, permeation, spillage, and onboard refueling vapor recovery (ORVR) technologies. 

On a total tonnage and percentage basis through the year 2027 the results show hydrocarbon (THC, 

VOC) reductions across all cities from E10 and E20 blends which should result in reduced risk for 

ozone formation in these cities. Furthermore, the study finds significant polycyclics and weighted 

toxins reductions (often correlated with cancer) and reduced CO emissions which reduces heart disease 

and other health effects. The study also shows that NOx emissions remain unaffected by ethanol 

blends.  

 

The results are also particularly relevant in light of the current debate on electric vehicle deployment. 

Since iBEAM enables a selection of different EV adoption scenarios we can compare the emissions 

savings from ethanol blends to the emissions savings expected with EVs. Note that these are tailpipe 

emissions only and do not include any upstream emissions from electricity production which, in many 

of the studied countries, may come from coal fired power plants. The comparison between ethanol and 

EV (dashed red line in graph below) shows that EV vehicles through 2027 will just barely save the 

same amount of THC/VOC emissions as a fleet change to E10 and E20 would produce and that EV 

vehicles will provide significantly less savings for carbon monoxides and weighted toxins through 

2027.  
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 Beijing Mexico City New Delhi Seoul Tokyo 

 E10 E20 E10 E20 E10 E20 E10 E20 E10 E20 

CO -69,613 -462,832 -94,806 -630,332 -21,844 -145,236 -15,004 -99,754 -21,480 -142,811 

THC -29,238 -24,866 -25,953 -21,593 -9,842 -8,353 -3,562 -2,968 -5,137 -4,581 

PM -10 -58 -11 -69 -6 -35 -1 -8 -4 -23 

 

Greenhouse Gas Emissions 

 

The GHG module in iBEAM calculates the GHG emissions based on data from two life cycle models:  

1) The GREET model developed by Argonne National Laboratory which is the gold standard for 

U.S. based life cycle analysis and contains the most up to date information on corn ethanol 

production. A California version of the GREET model is used for the Low Carbon Fuel 

Standard. An earlier version was used by the US Environmental Protection Agency for the 

Renewable Fuel Standard modeling.  

2) The Biograce Model is a European life cycle model that evaluates European fuel pathways 

under the Renewable Energy Directive (RED). Current Japanese modeling efforts are also 

closely aligned with the EU RED methodology. 
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On a total tonnage and 

percentage basis the study 

shows sizable greenhouse gas 

reductions for all cities and 

ethanol blends. Cities with 

high fuel demand and current 

MTBE use can realize large 

GHG savings due to the high 

GHG intensity of the MTBE 

production pathway. Beijing 

and Mexico City, for 

example, can save 10 and 15 

million metric tonnes of CO2 

emissions, respectively, from 

E10 blends through 2027. 

 

 

Refinery Profitability 

 

We assessed the financial impact on refiners serving our studied cities from accommodating E10 and 

E20 in their blend stocks. When oxygenates (like ethanol in E10 or E20) are added in gasoline 

blending, there is less need for octane from the catalytic reforming unit within a refinery and more 

hydrotreated naphtha feed to 

the catalytic reforming unit 

can be bypassed and blended 

directly to gasoline. The result 

is more gasoline production. 

However, as a result of 

operating at lower severity and 

processing less feed, there is 

less hydrogen produced from 

this unit for use in other plant 

processes . Based on our 

assessment of each countryôs 

refinery profile we determined 

the incremental hydrogen and 

incremental gasoline production and net revenue impact resulting from accommodating E10 and E20 

in the blends. The net revenue was calculated on the basis of dollar per barrels of base case gasoline for 

each city. The results show that all ethanol blended fuels return equal or increased revenue for refiners. 

 

Health Impact 

 

The introduction of ethanol fuels was estimated to yield a net reduction of approximately 200-300 

cancers per city, associated with several of the key pollutants in vehicle exhaust relative to continued 

use in gasoline, and varying among cities and between ethanol fuel blends.  Avoiding these cancers 

will save several thousand years of potential life lost in each city and an additional tens of millions of 
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dollars of direct healthcare 

costs for cancer treatment. 

The impact of cancer, 

however, is much greater 

than these metrics, as cancer 

adversely impacts the 

quality of life, can lead to 

loss of income, and 

devastates families.  For 

example, in the US, a 

person-year of life lost has 

been valued at $150,000 

which leads our assessment 

to show several hundred 

million dollars of savings 

from ethanol blends. 

 

 

In summary adding E10 or E20 to the fuel supply in each of studied city significantly reduces key 

pollutants and especially air toxins and polycyclic hydrocarbons with quantifiable positive health 

impacts. Linear Refinery Programming showed that these ethanol blends given each countryôs refinery 

structure can be produced with additional profits to the refining sector.  
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1 Introduction  

The purpose of this study coauthored by the University of Illinois at Chicago (UIC) Energy Resources 

Center is to assess the cumulative future tailpipe and greenhouse gas emissions benefits from adopting 

higher ethanol blends for the light duty vehicle market in light of current and predicted fuel demand for 

five major global cities. The study also assesses refinery profitability considerations associated with 

producing these fuels. The five cities of interest are Beijing, Mexico City, New Delhi, Seoul, and 

Tokyo, all of which face major air quality challenges.  

 

In the United States the blending of ethanol at 10% and 15% (E10 and E15) in conventional vehicles 

and at higher blends (in flex fuel vehicles) has been accompanied by a dramatic reduction in air 

emissions across altitudes and throughout all driving seasons [1]. Together with Brazil and Europe a 

large amount of experience and data has been accumulated to document the benefits of introducing 

ethanol into the fuel supply.  

 

The scenarios in the present study include the quantification of emissions differences between current 

gasoline use without ethanol compared to higher ethanol blends including E10 and E20. It is expected 

that the growing use of hybrid electric vehicles and fully electric vehicles (EVs) will eventually impact 

the demand for gasoline and ethanol, and therefore this trend will also be forecasted here through 2027. 

 

Models that assess the contributions of vehicle tailpipe emissions from different ethanol gasoline 

blends would ideally incorporate emissions factors for different regional driving and traffic conditions, 

different vehicle vintages and market shares, altitude and climate effects, and the respective baseline 

fuel compositions. One such model, the US Environmental Protection Agencyôs MOtor Vehicle 

Emission Simulator (MOVES) is an emission modeling system that estimates emissions for mobile 

sources at the national, county, and project level for pollutants. However, MOVES is not set up to 

assess emissions from ethanol blends greater than E15 and its handling of ethanol blends E10 and E15 

has received criticism [2] [3] [4] [5].  

 

While MOVES has powerful databases the calculation of the data in a ñblack boxò makes the 

interpretation of the results often difficult. Moreover, while a recent effort was made to adjust MOVES 

for Mexico the country-specific adjustment resorts often to basic recalibration factors which adds 

another level of uncertainty to the results.  

 

In order to facilitate the exploration of many likely blending, emissions, and EV adoption scenarios in 

an open and transparent way we have developed a spreadsheet based model termed the International 

Biofuels Emissions Analysis Model (iBEAM).  

 

For tailpipe emissions assessments this model allows us to incorporate data from the latest 

ethanol-gasoline blend vehicle emissions studies, while still taking key emissions aspects such 

as vehicle retirement and emissions control deterioration effects over time into account. 

Compared to MOVES we note that iBEAM is limited in its analysis to passenger cars and light 

trucks. Furthermore, we employ simplified vehicle activity data and rely on compliance with 

vehicle emissions standards. 
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For greenhouse gas emissions assessments, we rely on data from the GREET model developed by 

Argonne National Laboratory which is the gold standard for U.S. based life cycle analysis and 

contains the most up to date information on corn ethanol production. We also utilize the Biograce 

Model which is a European life cycle model that evaluates European fuel pathways under the 

Renewable Energy Directive (RED). Current Japanese modeling efforts are closely aligned with 

the EU RED methodology. 
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2 Structure of the iBEAM Emissions Model 

This section provides an overview of the iBEAM structure. Each module will be further explained in 

the following sections. 

The iBEAM model consists of a vehicle characterization module which is combined with an emission 

factor assessment for both gasoline and ethanol to derive total emissions adjustments from ethanol 

blended gasoline. Separately, the impact from the production of E10 and E20 fuels on refinery revenue 

is being assessed.  

The vehicle characterization includes a projection of annual gasoline passenger car population 

multiplied by the distance travelled annually by each car to derive the total driven passenger distance 

(total kilometers) in each city. The passenger car population is a) also corrected for projected electric 

vehicle share and b) broken out by annual new car additions including replacement of retired vehicles. 

The emissions factors for both gasoline and ethanol are assessed in two different ways: 

¶ Emissions Factors for Gasoline from Complex Model. In this case we ran the US EPA 

Complex Model with country specific gasoline samples to derive emissions factors for 

gasoline. 

¶ Emissions Factors for Ethanol from Complex Model. A base gasoline was established for each 

city that met the properties of the gasoline samples followed by a modeled adjustment of the 

gasoline blend stocks from ethanol blending. 

¶ Emissions Factors for Gasoline from past and future emissions standards. The past, current, and 

future emissions standards governing each city was surveyed for each city. The standards 

specify the emissions limits set for gasoline passenger vehicles for the applicable test protocols. 

¶ Emissions Factors for Ethanol from published vehicle emissions studies. We surveyed the 

literature for substantially all major gasoline-ethanol vehicle emissions studies (for E10 and 

E20) and summarized the expected impact from ethanol on combustion emissions. 

Since emissions factors for gasoline and ethanol are only representative for the underlying vehicle fleet 

and control technology a correction of emissions factors by vehicle age was introduced. Finally, for 

hydrocarbon emissions the effects of altitude and reid vapor pressure on evaporative emissions were 

added as well as an explicit representation of refueling losses, permeation, spillage, and onboard 

refueling vapor recovery (ORVR) technologies. 

In most scenarios the blending of E10, E20 will enable refineries to produce more gasoline volume 

which will overall increase revenue. That revenue addition is compared against the need to add 

hydrogen production capacity to offset reduced production from the reforming unit within the refinery. 

The figure below provides a representation of the model structure. Appendix B provides a Quickstart 

to the iBEAM Excel spreadsheet. 
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Figure 1: iBEAM Flow Diagram 

 

  




















































































































































































































