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Abstract 

Lifecycle CO2 emission of ethanol blended gasoline was simulated to investigate how fuel properties and composition 
affect overall emission. Fuel research octane number (RON), octane sensitivity and ethanol content (derived from 
sugarcane and corn) were varied in the simulations to formulate blended fuels that economically achieve target 
specifications. The well-to-pump (WTP) simulation results were then analyzed to understand the effects of fuel 
composition on emission. Elevated ethanol content displaces aromatics and olefins required in gasoline blendstock to 
reach a target fuel specification. The addition of greater sugarcane-based ethanol percentage in constant aromatics and 
olefins fuel reduces its WTP CO2 emission. Corn-based ethanol blending does not offer CO2 emission offset due to its 
high production emissions. The mixing of sugarcane-based with corn-based ethanol is shown to be a potentially 
effective method for achieving a blended fuel with a lower lifecycle CO2 emission. Besides CO2 emission, the total 
greenhouse gas (GHG) emission from land-use conversions (LUC), CH4, and N2O are also significant in determining 
the optimal fuel blend. Herein, we present preliminary results showing that total GHG emissions significantly increase 
when either corn or sugarcane ethanol is blended at even small percentages; detailed results will be addressed in future 
communications.  
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Nomenclature 

E Ethanol content/percentage 

GHG Greenhouse gas 

LUC Land-use conversions 

PTW Pump-to-wheel 

RON Research octane number 
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S  Octane Sensitivity 

WTP Well-to-pump 

WTW Well-to-wheel 
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1. Introduction 

A simulation was recently performed to quantitatively assess the change in lifecycle emission of ethanol-
blended gasoline, and some of the results have been analysed and discussed elsewhere [1]. Various 
combinations of gasoline research octane number (RON), octane sensitivity (S) and ethanol content (E) 
were investigated for their well-to-wheel (WTW) CO2 emission. Ethanol addition to gasoline blendstock 
was shown to boost fuel anti-knock quality and result in higher fuel efficiency when operating at elevated 
engine compression ratios. The biogenic credit associated with bio-ethanol production also reduces the 
WTW emission of ethanol-blended fuel.  
 
An optimal blended fuel (lowest CO2 emission) was identified from the simulations, with RON 105, S 15.5 
and 32% ethanol [1]. The possibility of engine downsizing was shown to further improve efficiency and 
reduce emission. Corn-based ethanol was identified to offer little emission reductions, even when blended 
at high percentages (30%). The high emissions associated with production and conversion limits the 
applicability of corn-based ethanol in reducing the emission of blended fuel. Sugarcane-based ethanol, a 
less emission-intensive biofuel, was shown to reduce fuel WTW CO2 emission. 
 
A refinery linear programming optimization was run to produce the specified product quality and quantity 
while minimizing the cost of production. Fuel RON, S and E were the set target values that needed to be 
met through the blending of different refinery streams, along with other gasoline properties (vapour 
pressure, benzene%, etc.). Default refinery setup and product constraints were applied; the processing 
capacity and conditions of each refinery units were varied to meet the required quality of its output stream. 
The final gasoline blendstock composition was shown to vary with target RON, S and ethanol content. A 
range of gasoline properties have been simulated (RON, 92-105; S, 8.5-15.5; E, 0-40%) and shown in Table 
2.  
 
With the variation in ethanol percentage, the aromatic and olefin contents of the gasoline blendstock must 
be adjusted to meet the final fuel specification.  These components are typical octane boosters for gasoline, 
but their productions involve complex and costly upgrading in a refinery. Given the increasing interest in 
high octane fuels as enablers for more efficient engines, we investigate the feasibility of increasing ethanol 
blends in gasoline as means to boost the octane level and assess their implications on WTW CO2 emissions.  
 
This study utilizes the simulation data to investigate the means to mitigate the high WTP CO2 emission 
from corn-based ethanol. The effects of ethanol content on gasoline aromatic and olefin content and fuel 
WTP emission are studied. The mixing of sugarcane-based with corn-based ethanol is also investigated as 
a means to reduce the overall fuel WTP CO2 emission. This paper primarily discusses the CO2 emissions 
of the simulated fuels; however preliminary results on the impact of land-use conversions (LUC) and two 
other primary greenhouse gases (GHGs) are also briefly presented. 

2. Results and Discussion 

2.1. The effect of ethanol blending on blendstock composition 
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The emissions of five simulated fuels with RON97 and S12 are shown in Table 1 and Figure 1. With 
increasing sugarcane-based ethanol, the amount of aromatics and olefins needed to meet anti-knock 
requirement are reduced. A lower aromatic content reduces the toxicity and carcinogenicity of the fuel [2]. 
A reduced olefin amount improves oxidative stability and minimizes engine deposit formation [3, 4].  
 
The blending with sugarcane-based ethanol yields slight WTP emission reduction when comparing E28 to 
E2 fuel. The reduction is largely due to the lower emissions intensity associated with the production of 
ethanol from sugarcane. The increased knock resistance of the high ethanol fuel enables further emissions 
reduction through improved vehicle efficiency leading to larger overall WTW CO2 emissions benefits. On 
the other hand, the blending of corn-based ethanol significantly increases WTP emission given that 
production of corn ethanol is highly energy and emissions intensive The enhanced fuel economy enabled 
by E28 fuel is insufficient to make up for the high WTP emission of corn-based ethanol. 
 

  

Figure 1: WTP CO2 emission, aromatic and olefin content of RON97, S12 fuels with different ethanol content. Aromatics, olefin 
and ethanol content are presented as a volume percentage of fuel. Aromatic and olefin content corresponds to the secondary axis. 

Corn-based (Corn) and sugarcane-based (SC) ethanol WTP CO2 emissions are shown for the each fuel specification. Figure 2: The 
blending volume percentage of aromatics, olefins and ethanol for the 27 simulated fuels. The combined percentage of aromatics and 

olefins is shown as the “Sum” corresponds to the primary axis. Aromatics and Olefins correspond to the secondary axis. 

Table 1: Comparison of CO2 Emission, Olefins and Aromatics for RON97, S12 Simulated Gasoline 

Fuel No. 9 12 13 15 17 
EtOH % 28% 18% 13% 12% 2% 
Aromatics% 17.0% 15.0% 19.3% 19.5% 30.0% 
Olefins% 9.5% 18.5% 19.2% 20.4% 20.5% 
WTP (w. corn-EtOH) (g/km) 39.1 33.3 29.7 29.7 24.7 
WTW (w. corn-EtOH) (g/km) 216.2 211.3 208.2 208.2 204.2 
WTP (w. SC-EtOH) (g/km) 22.9 23.2 22.9 23.2 23.7 
WTW (w. SC-EtOH) (g/km) 200.0 201.2 201.4 201.7 203.1 

 
A set of simulated fuels with approximately 20% aromatics and 20% olefin, but different ethanol content, 
is compared for their WTP and WTW CO2 emissions in Figure 3. The blending of sugarcane-based (Fig. 
3A) and corn-based (Fig. 3B) ethanol are shown separately. The WTP emission with both types of ethanol 
appear to have a sharp increase at greater than 22%. This may suggest that, for the shown fuels, a significant 
change in blending composition is needed to maintain all gasoline properties (e.g., vapor pressure, 
%evaporation at 200 oF, sulfur content, etc.) within required limits. The remaining trends in WTP emission 
is consistent with previous identifications. The WTW CO2 emission with sugarcane-based ethanol is 
reduced with increasing ethanol content. The large growth margin in WTP emission with increasing corn-
based ethanol perturbs the trend in reducing WTW emission. It seems that an optimal mixing ratio between 
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corn-based ethanol, olefins and aromatics may exist to reach a lowest WTW emission. Future work should 
further investigate this possibility. 
 
Figure 2 plots the percentage of aromatics and olefins in the 27 simulated fuels against their ethanol content. 
A reduction of aromatics and olefins can be observed with increasing ethanol blending. The effect is more 
pronounced with the combined blending percentage of aromatics and olefins.  

 

Figure 3: WTW and WTP CO2 emission of fuels with 20% aromatics and 20% olefin but different ethanol content. WTW emission 
corresponds to the primary axis and WTP emission is to the secondary axis. A) With sugarcane-based ethanol blended in gasoline. 

B) With corn-based ethanol blended in gasoline. 

2.2. Corn-based and sugarcane-based ethanol mixing 

Our simulation results have shown the exacerbating WTW CO2 emission with corn-based ethanol blended 
fuel, even when blended at more than 30% [1]. Ethanol blending was found to reduce fuel CO2 emission in 
pump-to-wheel (PTW) cycle and WTP cycle, only when sugarcane-based ethanol was used. If the high 
emission of corn-based ethanol can be partially offset, the increase in ethanol blending percentage could 
still yield beneficial emission result. Extracted results from GREET showed that corn is amongst the most 
emission-intensive source for bioethanol; sugarcane has the lowest emissions intensity amongst 
conventional first generation bioethanol [5]. The lower emitting bioethanol offers greater emission offset 
and thus less WTP emission. Advance generation bioethanols, such as cellulosic ethanol, may offer larger 
emissions reduction potentials in the future. However, today more research and development is still required 
before it can be commercialized. 
  
 
The co-mixing of sugarcane-based and corn-based ethanol is able to reduce the overall ethanol production 
CO2 emission in high ethanol content fuel. A mixing breakeven percentage (B%) has been calculated to 
indicate the percentage of sugarcane-based ethanol required to achieve the same WTW emission as the 
reference fuel. Further sugarcane-based ethanol mixing would yield a reduced emission compared to the 
business-as-usual case. The fuel with RON 95, S 10 and E10 is selected as the reference fuel, with similar 
properties as the U.S. premium grade gasoline. The B% is reported in Table 2. A greater than 100% value 
indicates the impossibility of reaching the target emission. A negative percentage indicates the non-
essentiality of mixing sugarcane-based ethanol with corn-based ethanol, i.e., the utilization of 100% corn-
based ethanol would still have a better fuel emission. For the low knock resistant E10 fuels, sugarcane-
based ethanol alone is insufficient to achieve lower fuel emission; less energy intensive biomass-based 
ethanol is needed to make this a feasible option. For greater knock resistant E10 fuels, the higher engine 
efficiency can reduce the PTW emission and allow corn-based ethanol to be mixed in the blend. With E20-
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E40 fuels, the emission gains from operating under higher engine compression ratio is much greater and 
allows the majority of ethanol to be corn-based. The result from Table 2 indicates that corn-based ethanol 
can be blended into future high ethanol fuels to reduce overall emission, given that it is supplemented by 
some sugarcane-based ethanol. 

Table 2: Selected Simulation Fuel, Ethanol Content, RON, Octane Sensitivity, Sugarcane-Based Ethanol Breakeven Percentage and 
WTW CO2 Emission with Corn-Based or Sugarcane-Based Ethanol (g/km). 

 
ETOH% RON S B% WTW (W. CORN-ETOH) WTW (W.SC-ETOH) 

E10 8% 92 9.5 116% 214.3 210.0 
8% 97 10.5 -14% 208.6 204.4 
8% 95 11.5 82% 212.7 208.5 
8% 92 8.5 91% 213.2 208.8 
9% 100 12.5 -54% 206.6 201.6 
9% 100 12.5 -80% 205.4 200.5 
10% (REF) 95 10.5 0% 209.2 204.1 
12% 100 13.5 -30% 207.3 201.0 
12% 97 11.5 -15% 208.2 201.7 
13% 97 11.5 -15% 208.2 201.4 

E20 18% 100 12.5 6% 209.8 199.9 
18% 97 11.5 20% 211.3 201.2 
18% 95 11.5 26% 211.8 201.8 
18% 95 10.5 50% 214.3 204.3 
18% 92 9.88 64% 215.8 205.6 
22% 100 13.5 24% 212.2 200.0 
22% 100 13.5 20% 211.7 199.3 

E30/E40 28% 100 13.5 29% 213.9 197.8 
28% 97 12.2 43% 216.2 200.0 
32% 105 15.5 25% 213.9 195.2 
36% 105 15.5 35% 216.5 195.8 
38% 105 15.5 43% 219.2 196.1 

 
This results here show that with the presently used technology and CO2 emission models, utilizing corn-
based ethanol to reduce WTW CO2 emission in higher ethanol blended fuels is possible. Technological 
improvements in corn farming, processing and conversion may reduce the emission footprint of corn-based 
ethanol.  

3. Conclusion 

Higher ethanol blended fuel can yield fuels with lower WTW CO2 emission. Corn-based ethanol blended 
gasoline does not yield better CO2 emission with existing farming and ethanol production practices. 
However, mixing of corn-based ethanol with less CO2 emission-intensive source (i.e., sugarcane-based) 
can potentially realize greater emissions reductions. The correct mixing strategy would determine if corn 
ethanol can be utilized as a major ethanol source in gasoline blending as means for producing high octane 
fuels in order to enable more efficient engines.  

This paper has only presented the initial WTW CO2 emissions results of the simulated fuels. In order to 
evaluate the full lifecycle GHG emissions, it is critical to incorporate the emissions of non-CO2 GHGs, 
such as CH4 and N2O, both of which are potent global warming gasses. An extended study was conducted 
to incorporate these emissions, detailed results and analysis will be addressed in future communications.  
 
Also equally important is to include the emissions due to land use changes associated with biofuels. LUC 
has received a lot of research and policy interests since Searchinger et al. [6] published their landmark paper 
in 2008, and policymakers worldwide have responded in different ways to deal with LUC within existing 
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biofuels programs [7, 8].  We believe it is prudent to incorporate the effects of LUC to properly account for 
the WTW GHG emissions savings potential of future SI engines that are enabled by bio-based high octane 
fuels. Therefore, in our updated study, we adopted the most recent LUC factors that were developed for the 
California Air Resource Board (ARB) for their Low Carbon Fuels Standard (LCFS). In the latest update to 
the LCFS, corn ethanol and sugarcane ethanol were assigned LUC factors of 19.8 gCO2eq/MJ and 11.8 
gCO2eq/MJ respectively, based on the average of 30 different scenarios that were evaluated [8].      
 
The emissions of CH4 and N2O during ethanol production and refinery operations are also shown to be 
significant in affecting WTP, but not PTW, GHG emissions of simulated fuels. The WTP GHG emissions 
showed that higher blending percentages of corn-based ethanol exacerbates GHG emission, agreeing with 
the trend for CO2 emission. But for sugarcane-based ethanol, it is interesting to note that when we included 
the non-CO2 GHGs and the effects of LUC, the CO2 benefits reported earlier for higher blends of sugarcane-
based ethanol was found to diminish substantially; the new optimal fuel consists of only 4% ethanol and 
the top three lowest emitting fuels contain ethanol content less than 10%. The additional emissions from 
the combustion cycle was found to be negligible. The total GHG emissions increased by 40-95% with the 
accounting of LUC, CH4 and N2O. These initial results suggest that increasing ethanol content in gasoline 
beyond existing levels in order to increase gasoline octane as means to reduce transport GHG emissions 
may not be justifiable.  
 
Certain refinery units are intensive in GHG emissions. The increased production of certain blendstocks in 
order to meet fuel standard, may significantly raise refinery emissions under its default setting. Future work 
would investigate possible means to modify refinery setup in reducing production emission for each 
simulated fuels. A less emission-intensive biomass will also be examined as potential replacement for corn 
and sugarcane. 
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