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1 Executive Summary & Overview  

1.1 Introduction 
Ethanol derived from plant material, also called bio-ethanol, is used as a blendstock for 
gasoline and as an alternative source of transportation fuel in many countries. Today, almost 
seventy percent of gasoline at the pump in the U.S. contains ethanol1. Most of the ethanol is 
sold in a gasoline blend of 10% ethanol and 90% fossil gasoline (called E10 gasoline). E10 is 
sold at the pump as regular gasoline2, except in California, where the maximum ethanol 
concentration allowed in regular gasoline at the time of the study was 5.7 percent3. A very 
small portion of ethanol in the U.S. is used to make E85 (85% ethanol) gasoline for flexible 
fuel vehicles. Exhibit A in the appendix provides an overview of the end-to-end U.S. 
gasoline supply. 

Most of the ethanol consumed in the U.S. is corn-based ethanol produced domestically, and 
about 7% is sugarcane-based ethanol, imported primarily from Brazil.4  Cellulosic ethanol, 
produced from cellulosic materials like corn stover, switchgrass and woodchips, is expected 
to become economically attractive in the near future, as production technologies mature and 
production capacity is scaled up. 

The global volume of ethanol used as a transportation fuel has more than tripled since 2000, 
driven primarily by strong demand from the U.S. The rapid growth in United States ethanol 
consumption has been driven at least in part by U.S. energy policy, which stimulates the use 
of ethanol through mandates and subsidies. The 2007 Energy Independence and Security Act 
(EISA) extended the Renewable Fuel Standard, stipulating minimum volumes of ethanol to 
be used in the U.S. for each year until 2022. Certain regional and local markets, such as the 
state of Minnesota, also mandate ethanol blending in gasoline. Furthermore, the U.S. 
subsidizes ethanol blending by providing a credit for each gallon of ethanol blended. In May 
2008, Congress passed Farm bill HR-2419, which included an extension of the ethanol 
subsidy, but lowered it from 51 to 45 cents per gallon for corn-based ethanol. 

This study assesses the impact of ethanol blending on gasoline prices in the US today and the 
potential impact of ethanol on gasoline prices at higher blending concentrations (10%, 15% 
and 20% of the total U.S. gasoline consumption). 

 
                                                 
1 The United States consumes more ethanol for transportation than any other country, although Brazil has the 
highest level of ethanol penetration, with ethanol providing more than 40 percent of its light vehicle fuel. 
2 By law, gasoline blends up to E10 have to be covered under warranty by every auto manufacturer that sells 
vehicles in the U.S. Recent tests by the State of Minnesota and the DOE have shown that blends up to E20 do 
not pose problems for current vehicles or fuel dispensing equipment. 
3 California Air Resources Board Rules that prescribe the predictive gasoline blending model to be used by 
refineries effectively limited ethanol concentration to 5.7%. However, a new predictive model, approved in 
September 2008, allows for higher ethanol concentrations. 
4  The Caribbean Basin Initiative (CBI) provides a tariff exemption for imports from Caribbean countries, up to 
a volume of 7 percent of U.S. ethanol consumption. Most of the ethanol imported through the CBI is produced 
in Brazil and passes through Caribbean countries to be processed before arrival in the U.S. Above this volume, 
the tariff on ethanol imports is 54 cents per gallon plus an ad-valorem duty of 2.5%. 
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1.2 Overview of Recent Research and Specific Approach of This Study 
Recent research on the impact of ethanol on average U.S. gasoline prices today has shown 
effects ranging from 20-35 cents per gallon (earlier study from Department of Energy and 
Department of Agriculture) to 50 cents per gallon of gasoline (Merrill Lynch). Other studies 
focused on the past or future impact of ethanol on gasoline prices, or on the impact on 
gasoline prices in a specific state. Exhibit 1 gives an overview of recent research on the 
topic. 

OVERVIEW OF OTHER 2008 RESEARCH ON THE IMPACT OF 
ETHANOL BLENDING ON U.S. RETAIL GASOLINE PRICES 

LEGC

Conclusion Methodology Date

E10 gasoline in Missouri will be 7¢
per gallon cheaper than conventional 
gasoline over next 10 years

Ethanol blending at E10 in South 
Dakota saved consumers 11¢ per 
gallon in the period March 2007 –
March 2008

Substitution effect calculated based on 2008 AEO 
gasoline and ethanol price projections

Substitution effect calculated based on gasoline and 
ethanol prices

April 2

June 26

Iowa State 
University

Ethanol blending reduced gasoline 
prices on average by 29 ¢ – 40¢, 
depending on region in U.S., over 
1995-2007 period

Regression analysis of gasoline price with ethanol 
production, crude oil and product market conditions, 
refinery capacity and utilization, gasoline imports and 
seasonality as variables

April 

RFA
Consumers should be realizing a 13 
¢ saving per gallon by utilizing E10 if 
refiners are passing through 
savings

Substitution effect calculated with May 30 prices for 
ethanol and gasoline

June 3 

Merrill Lynch
U.S. retail gasoline prices today 
would be 50¢ per gallon higher 
without ethanol

Assessed impact of ethanol on fossil gasoline supply 
demand balance and pricing (methodology not clear)

June 6 

U.S. DOE & 
DOA

Without ethanol, today’s gasoline 
prices would be 20¢ to 35¢ per 
gallon higher

Substitution effect calculated based on current price 
differential between ethanol and gasoline;
assessment of impact of ethanol on fossil gasoline price 
based on petroleum supply elasticity

June 6 

Exhibit 1

 
Figure 1. Overview of other 2008 research on the impact of ethanol blending on U.S. retail 

gasoline prices 

 
The majority of studies to date have focused on the benefit derived from current price 
differentials in the market, with ethanol priced cheaper than fossil gasoline (referred to in 
this report as the substitution effect, which is covered in Section 2.2). These studies all assess 
the reduction in gasoline production costs due to ethanol blending. However, they 
overestimate the impact of the substitution effect on driver economics, because the reduced 
gasoline production costs do not translate fully into savings for end consumers, for two 
reasons: 

First, this study will show that as blending levels are inconsistent throughout 
pricing regions, the benefits of reduced gasoline production costs are not 
necessarily fully passed through to the end consumer in all regions. With 
supply based economics, in a given region the marginal (or highest cost) 
producer sets the price that the other producers follow, usually higher than the 
lowest cost provider. If all of the producers in a region are blending to 10% 
and accruing the substitution benefit, then competition will drive the retail 
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price down to where the benefit is passed through to the end consumer. In 
many regions in the U.S. today only some of the producers are blending to 
10%, while others are not blending ethanol, and thus not benefiting from the 
lower cost. These producers will be the marginal producers, and thus set the 
price in the region. The producers enjoying the lower production cost due to 
blending ethanol will keep the benefit to themselves and not pass it on to the 
end consumer (see Section 2.2 for more detail). 

Second, all of the studies that we reviewed focused on the savings from 
ethanol per gallon of gasoline. However, this does not represent the true 
savings to the driver, as it does not take into account the negative impact on 
mileage performance resulting from ethanol’s lower energy content when 
compared to unblended gasoline. Indeed, a driver using blended gasoline will 
have to fill up his car more frequently in order to travel the same distance as 
he would otherwise with unblended gasoline. 

This study takes into account the pricing situation described above, as well as the fact that 
ethanol’s lower energy content results in lower mileage per gallon when compared to 
unblended gasoline. As this study will show, when these two factors are taken into account, 
the net impact of the substitution effect can actually be an increase of the mileage-adjusted 
cost of gasoline for drivers. Ethanol does, however, generate several additional sources of 
impact to gasoline prices besides the substitution effect. This study provides a more thorough 
review of the impact of ethanol blending on retail gasoline prices than any of the earlier 
studies we reviewed. 

1.3 Key Assumptions 
This study assesses the current impact of ethanol on gasoline prices (based on the price 
environment in the first three quarters of 2008), the potential impact at the current maximum 
10 percent allowable U.S. ethanol blending level for regular gasoline, as well as at 15 
percent and 20 percent ethanol blending levels. The analysis is based on prevailing market 
conditions and the current political and economic landscape, which includes the subsidy for 
ethanol blending in the U.S.5 as well as the tariff on ethanol imports. Today’s ethanol 
demand is based on the 9 billion gallon volume mandated by the RFS in 2008, which is 
slightly below the EIA’s March 2008 ethanol consumption projection of 9.1 billion gallons 
for 2008. 

Pure ethanol has an energy content that is roughly two thirds of that of fossil gasoline. As a 
result, a gallon of blended gasoline will yield a lower mileage than a gallon of pure fossil 
gasoline. We used the results of the Oak Ridge National Laboratory’s October 2008 report 
(Effects of Intermediate Ethanol Blends on Legacy Vehicles and Small Non-Road Engines) 
to account for the reduced fuel economy from ethanol blending. For E10, we used a mileage 
loss versus E0 of 3.88 percent. For E15 and E20, the mileage losses versus E0 were 5.03 and 
7.72 percent, respectively. Throughout the report, we have adjusted for the mileage loss due 
to ethanol blending. For instance, to calculate the impact of blending ethanol up to 10% on 
                                                 
5 For this analysis, a subsidy of 51 cents per gallon of ethanol was used for all scenarios. Note that the Farm 
bill of May 2008 lowered the subsidy to 45 cents. 
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the price of gasoline, we compared the wholesale price of a gallon of E0 with the wholesale 
price of 1.04 gallons of E10 - the driver will have to buy 1.04 gallons of E10 to get the same 
mileage as he gets from one gallon of E0. 

This analysis modeled the impact of ethanol on gasoline prices in a static price environment 
for different scenarios with specific feedstock price assumptions. The team did not model 
secondary pricing feedback loops, but confirmed for each effect of ethanol that was modeled 
that the impact of the secondary feedback loops would be negligible compared to the overall 
impact of the effect. For instance, when assessing the cost of substituting propanol for 
ethanol as an oxygenate, the team verified that the increased propanol consumption would 
not result in a noticeable price increase of its feedstock, naphtha. 

This analysis does not advocate one ethanol feedstock over another – achieving higher 
blending levels economically will likely require a mix of sources for ethanol (U.S. corn-
based and cellulosic ethanol, as well as imported sugarcane-based ethanol). 

Significant changes to fuel transportation infrastructure, gas stations and vehicle fleet may be 
required to increase the national ethanol concentration in gasoline to the levels described in 
this report, and the investments associated with these changes could be very substantial. This 
analysis did not look into and does not account for any of the changes in infrastructure 
needed to accommodate the higher ethanol blends. Furthermore, for the purpose of this 
study, no assumptions were made about the exact composition of the U.S. gasoline fuel 
supply (e.g. E10 versus E85) that will lead to the higher national blending levels covered by 
this analysis6. The actual split in volume between the different gasoline blends has a 
significant impact on the type of infrastructure and level of investments that need to happen 
to achieve the higher national ethanol blending levels. 

The analysis does not attempt to draw broader conclusions about the attractiveness of using 
bio-ethanol as an alternative fuel source, which would involve a range of other 
considerations. 

1.4 Conclusions 
The study’s major finding is that ethanol helps to reduce U.S. gasoline prices today, and 
could potentially play an even larger role in the future by helping to reduce crude oil prices. 

• Ethanol blending in the U.S. is keeping U.S. retail gasoline prices about 17 cents per 
gallon lower than they would be with no ethanol (14 cents if we subtract the cost of 
the ethanol subsidy7). As mentioned above, this takes into account the lower mileage 
impact of ethanol. If available ethanol volumes can be increased economically,8 
ethanol has the potential to lower gasoline prices even further:  with economic 

                                                 
6 In order to calculate the mileage adjustment for the different national average ethanol blending levels (E10, 
E15, E20), we did assume that there would be homogeneous blending up to those levels. 
7 Subsidy per gallon of ethanol is 51 cents, and the average gallon of U.S. ethanol today contains 0.064 gallons 
of ethanol (6.4% national ethanol concentrations). 
8 For the purpose of this analysis, ethanol is considered “economic” when blending is done to achieve an 
economic benefit, not to fulfill a requirement. 
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blending to an average ethanol concentration of 20 percent nationwide, the per-gallon 
savings (mileage adjusted) could reach 18 to 63 cents (7 to 52 cents if we subtract the 
cost of the ethanol subsidy). Note that these figures do not take into account the costs 
associated with the build-out of infrastructure needed for the higher ethanol blending 
concentrations. 

• Ethanol has become the main source of additions to the world fuel supply outside of 
OPEC, and thus has the potential to moderate crude oil prices by reducing demand 
for crude oil. To date, however, the effect of ethanol blending on crude oil prices has 
been limited, as crude oil demand today is driven by strong demand for diesel, not 
gasoline, and ethanol acts as a gasoline substitute. If and when the diesel shortage is 
resolved, the lower gasoline demand brought about by ethanol blending will then 
result in reduced demand for crude oil. At that point, crude oil prices could fall, 
leading to substantially greater reductions for gasoline at the pump. Multiple other 
factors impact crude oil prices, and in particular, OPEC can react to decreasing crude 
oil prices by reducing production. Therefore, this study does not attempt to quantify 
this impact of ethanol on gasoline and broader fossil fuel prices. 

The remainder of this document provides more detail on the short-term effect of ethanol 
blending on gasoline prices and its longer-term impact on crude oil prices. 

 



2 Reducing Gasoline Prices at the Pump 

2.1 Introduction 
The level of ethanol in the U.S. today, 6.4 percent of the national gasoline supply, has 
resulted in retail gasoline prices 17 cents per gallon (mileage-adjusted) lower than they 
would be without ethanol. That number translates to about $115 in annual savings for the 
individual driver and approximately $24 billion in annual savings for U.S. drivers as a 
whole. These benefits come at a cost of $4.6 billon per year – 3 cents per gallon of gasoline – 
in ethanol subsidies. This amounts to an annual subsidy per U.S. driver of $22, and an annual 
cost of $15 for every U.S. citizen9. 

Incremental economic ethanol blending in the gasoline supply could yield even greater 
savings (Exhibit 2). A 10-percent national average concentration could result in retail 
gasoline prices 19 to 50 cents per gallon (mileage-adjusted) lower than they would be with 
no ethanol, assuming a price environment that ranges from crude oil at $60 per barrel and 
corn at $4 per bushel (lower limit of savings), to crude oil at $120 per barrel and corn at 
$3.50 per bushel (upper limit of savings)10. The total annual subsidy would be $7 billion at 
10-percent. A 15-percent concentration could result in savings of 20 to 59 cents per gallon 
(mileage-adjusted), and a 20-percent concentration could result in savings of 18 to 63 cents 
per gallon (mileage-adjusted) compared to no blending, for the same assumptions for crude 
oil and corn prices. The annual subsidies would be $11 billion at 15-percent, and $15 billion 
at 20-percent. 

 There are five impacts from ethanol blending that result in reduced gasoline prices 
(Exhibit 2). The first two impacts – that ethanol is a cheaper blendstock than fossil gasoline 
at current corn and crude oil prices and that it is the best oxygenate – are associated with 
ethanol’s relative cost-effectiveness. The next three pertain to ethanol’s impact on the price 
of fossil gasoline: ethanol increases the fossil gasoline yield at the individual refinery level, it 
reduces expensive fossil gasoline imports in the U.S., and it contributes at the global level to 
the gasoline overcapacity (relative to diesel). 

There are varying levels of certainty over the contribution from each impact. The first two 
impacts are associated with price movements. The substitution effect (cheaper blendstock) is 
the most uncertain as it is dependent upon the price movements of corn and crude oil. The 
second impact has a broad range due to the potential price movements of alternative 
oxygenates between current pricing and marginal production economics. The remaining 
impacts are less based on price movements, but instead on structural changes in demand or 
in production which provide a more certain impact. The first two impacts are responsible for 
the vast majority of the range in the total impact. 

                                                 
9 Population of U.S. is 302 million people and number of U.S. drivers is 205 million (2007). 
10 While corn price will deviate from the $3.50 to $4.00 price range, the actual ratio between crude and corn 
price is likely to stay within the boundaries of the scenarios described. This ratio, rather than the absolute prices 
drives the savings. 
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Reduction in average U.S. retail gasoline price versus E0 case*
¢ per gallon (mileage-adjusted) 

* Figures may not add up to totals due to rounding
* Includes mileage adjustment, and includes effect of blending subsidy. Range reflects the modelling results for $60 crude 

and $4 corn, and $120 crude and $3.5 corn
Source: Team analysis

IMPACT OF ETHANOL BLENDING ON RETAIL GASOLINE PRICES

Exhibit 2

E10 at the pumpCurrent situation

Best oxygenate

Fossil gasoline 
overcapacity ~4 ~7

~17¢ 19¢-50¢ 18¢-63¢

~2

E15 at  the pump

~15 3 - 15 3 - 153 - 15

Increased fossil 
gasoline yield ~1 1 - 2 2 - 52 - 3

Reduction of 
fossil gasoline 

imports
0 18 - 23 18 - 2318 - 23

Cheaper blend 
stock** (-2) (-6) - 6 (-13) - 12(-8) - 11

~5

20¢-59¢
E20 at  the pump

 
Figure 2. Impact of ethanol blending on retail gasoline prices 

 

2.2 Cheaper Blendstock at Current Corn and Oil Prices 
Whenever a gallon of ethanol is cheaper than a gallon of fossil gasoline, adding more ethanol 
as a blendstock will reduce the production cost of finished gasoline. Which component is 
less expensive depends on the price of corn (as the marginal source of ethanol in the US) and 
the price of crude oil, the feedstock for fossil gasoline. If all other variables are equal, higher 
corn prices make fossil gasoline more attractive; the reverse is also true – higher crude oil 
prices make ethanol relatively more economical. Exhibit 3 depicts this substitution effect 
conceptually based on the average prices during the first three quarters of 2008. 

However, even though ethanol was a cheaper feedstock than fossil gasoline during the first 
three quarters of 2008, less than 70% of gasoline in the U.S. sold during that period 
contained ethanol, even though spare ethanol production capacity was available. 

This is the result of logistic constraints in the ethanol supply chain that make it impossible 
for certain blenders to acquire ethanol, or make ethanol logistics prohibitively expensive 
compared to fossil gasoline. Gasoline blenders traditionally receive gasoline components by 
pipeline from the refineries, whereas the main cost-effective, long-distance solution today to 
transport ethanol from the production plants to the demand areas is rail11. Some blenders do 
not have access to rail or are too far removed from an ethanol terminal (where the ethanol 
can be transferred from railcar to truck) to make ethanol economically attractive for them. 

                                                 
11 Note that the pipeline infrastructure to transport ethanol is gradually being built out. 
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Fossil 
gasoline
$2.85/gal*

IMPACT OF ETHANOL BLENDING ON GASOLINE PRODUCTION COST

* Average New York Harbor Q1 – Q3 spot prices; ethanol price used is the spot price of ethanol reduced with subsidy of $0.51 per 
gallon, received by blender; CBOB price taken for fossil gasoline (note that price differential with Mogas 87, which reflects price of 
pure fossil gasoline, was less than $1 per barrel on average in Q1-Q3 2008)

Source: Platt’s; CMAI; EIA,; team analysis; CBOT

Ethanol
$2.02/gal*

E10
$2.77/gal

Average 
Q1 –Q3 
prices

Production cost of 
blended gasoline

90%

10%

- 8.3¢

CONCEPTUAL

Exhibit 3

 
Figure 3. Impact of ethanol blending on gasoline production cost 

 
Because of these logistical constraints, there are many areas in the U.S. today where there is 
not sufficient access to ethanol to allow all gasoline blenders to blend ethanol up to the 
economical level. The gasoline marketers selling E0 in these markets have to set their 
gasoline prices higher to cover their costs, and these prices in turn help set the overall retail 
gasoline price in the region. Blenders who produce E10 gasoline benefit from a higher profit 
margin on their volume of E10, due to their lower input costs when they compete against E0 
suppliers. Exhibit 4 shows this conceptually. 

For instance, in reformulated gasoline (RFG) markets, where ethanol is blended to meet legal 
requirements (see section 2.3), the ethanol import infrastructure is typically well developed, 
ethanol concentrations can be expected to be fairly uniform, and the lower production costs - 
when ethanol is cheaper than fossil gasoline - will translate to lower gasoline prices at the 
pump. In other areas, where blenders need to rely for instance on ethanol imports by truck, 
ethanol concentrations will not be homogeneous, and the savings from lower gasoline 
production costs due to ethanol blending will typically not be passed through to consumers at 
the pump. 
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SUFFICIENT ETHANOL MUST BE AVAILABLE TO THE BLENDERS IN THE 
MARKET FOR COST REDUCTION TO BE PASSED THROUGH TO DRIVERS

CONCEPTUAL

Price (Q1–Q3 2008)*
$ per gallon 

Gasoline 
supply

Gasoline 
demand

Volume

E10

E0

8 ¢

Regular Gasoline supply and demand curve*

* The cost of E0 and E10 was calculated based on the cost of the feedstock, i.e. fossil gasoline for E0, and a mix of 90% 
fossil gasoline and 10% ethanol for E10.  Average 2008 Q1 – Q3 fossil gasoline and ethanol NY harbor spot prices 
were used for the feedstock costs; A blending subsidy of $0.51/ gallon ethanol  was incorporated in E10 cost calculation

Source: Platt’s; CBOT; team analysis

Regular 
gasoline retail 

price  set by E0 

2.85

2.77

Exhibit 4

• In the first three quarters of 
2008, the feedstock cost for 
E10 was on average 8 cents 
per gallon lower than that for 
E0 

• If there is not enough 
ethanol in a certain market 
for all blenders to blend up 
to E10, the savings from 
using ethanol will not be 
passed on to the consumer 
(E0 production cost sets 
price)

 
Figure 4. Sufficient ethanol must be available to the blenders in the market for cost reduction 

to be passed through to drivers 

 
While ethanol can yield lower prices at the pump, even when the benefit is passed through, 
the end consumer may not be better off. Ethanol has a lower energy content than fossil fuel, 
resulting in a reduced mileage per gallon. Adjusting for the 3.88% loss in mileage per gallon 
for E10 implies a driver will need to purchase 1.04 gallons of E10 to drive the same distance 
as he would have driven with E0. When factoring in the additional volume required to be 
purchased, the net benefit to the end consumer can be substantially reduced and in some 
cases be negative. When ethanol is priced greater than 61.2%12 of the fossil gasoline price 
(the mileage equivalency point), the result will be a reduction in the price at the pump, but an 
increase in cost to the consumer due to the additional volume required to be purchased. 

2.2.1 Approach 
We used the following approach to quantify the impact of ethanol on gasoline production 
cost through this substitution effect. First, we assessed what the costs to the gasoline blender 
are of fossil gasoline and ethanol, both today and in the scenarios with increased national 
average ethanol concentrations. For the cost today, we used the actual wholesale prices13 of 
fossil gasoline destined for blending with ethanol (also called CBOB14) and ethanol - 
adjusted as needed for transportation costs, ethanol subsidies, etc. - to calculate the 
                                                 
12 Oak Ridge National Laboratory’s October 2008 report (Effects of Intermediate Ethanol Blends on Legacy 
Vehicles and Small Non-Road Engines) states that the mileage loss from E10 vs. E0 is 3.88%, implying a 
mileage reduction for ethanol of 38.8%. Ethanol priced above this discount will effectively cost more per mile 
for the consumer. 
13 Average New York Harbor spot prices for CBOB and ethanol in the first three quarters of 2008 were used. 
14 Conventional Blendstock for Oxygenate Blending 
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production cost of blended gasoline. We compared this to the wholesale price of pure fossil 
gasoline (delivered to the blender) to determine the impact of ethanol on the gasoline 
production cost of a blender. 

We used a modeling approach to determine the input costs to the blender in the scenarios 
with increased ethanol blending concentrations. We modeled the fossil gasoline price based 
on crude oil prices of $50 to $150 per barrel of oil, using McKinsey’s Price Equilibrium 
model for a Fluid Catalytic Cracking (FCC) configuration, which is the primary marginal 
U.S. gasoline production configuration15. The model solves for the optimal prices for the 
configuration’s products, given the specific output of the FCC configuration and the typical 
pricing relationships between the different products. The effect was modeled using an FCC 
configuration rather than the hydroskimming configuration of the refineries in Europe, 
Middle East and Asia that currently provide the marginal barrel of gasoline to the U.S. (and 
thus set the gasoline price in the U.S.), to make the impact of this effect additive to the 
impact that ethanol can have on gasoline prices through elimination of those imports (see 
further for “Reduction of fossil gasoline imports”). In order to determine the cost of ethanol 
to the blender, we assessed what the marginal source of ethanol would be, as the marginal 
source sets the price to the blender in efficient markets. 

Exhibit 5 shows the 2008 marginal cost curve of ethanol, delivered to a gasoline blender in 
the U.S.16 As can be seen from the graph, U.S.-produced corn-based ethanol is the marginal 
source of ethanol in the U.S. The ethanol supply capacity in the U.S. today, excluding 
Brazilian imports not exempted from the 54 cents U.S. import tariff, is about 10 billion 
gallons per year, thus providing spare capacity above the 9 billion gallons required by the 
Renewable Fuel Standard (national average ethanol concentration of 6.4%). 

Methodology: Prices set by marginal costs 
In order to model prices for the different commodities under the different scenarios, we 
developed marginal cost curves (supply curves) using a bottom-up cost calculation. Price 
points for the commodities in the different scenarios (E10, E15 and E20) are set where 
demand meets supply. In order to model the different impacts of ethanol on gasoline, we 
developed the following supply curves as part of this effort: 

• Regular gasoline (substitution effect, exhibit 4) 

• Ethanol delivered to the blender (substitution effect, exhibit 6) 

• Fossil gasoline (substitution effect and gasoline import effect, exhibit 11)  

• Oxygenates (oxygenate effect) 

                                                 
15 FCC rather than Hydro-skimming capacity was considered as marginal source in U.S. as the hydro-
skimming capacity is so small. A long-run diesel to gasoline spread of $1 per barrel, based on 1996 to 2005 
average spread, was used for the modeling.  
16 The price of ethanol delivered  to blender was modeled based on corn price of $5.6. Price of Brazilian 
ethanol modeled based on sugarcane price of $143/ton.  
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TODAY’S U.S. ETHANOL SUPPLY CURVE 

1 Up to 7% of total US ethanol supply can be imported with exemption of 54 cents/gallon tariff
2 Volume of imported Brazilian ethanol based on total projected exports for 2008, assuming that Brazil meets domestic demand 

before exporting to US. Assuming price is set by marginal production cost plus transport. 
3 Total US corn ethanol supply limited by 2008 production capacity of 9.5 billion gallon/year (based on interviews with experts at

October 2008 Platts conference).
Source: McKinsey, RFA, USDA, FAPRI, EIA
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Figure 5. Today’s U.S. ethanol supply curve 

 
However, in order to reach national average ethanol concentrations of 10% or more, a 
combination of increased supply of corn-based ethanol and Brazilian sugarcane-based 
ethanol, as well as cellulosic ethanol, will be required. Based on today’s subsidies and tariffs, 
we found that U.S. corn-based ethanol would remain the marginal source of ethanol in most 
of the likely scenarios17, thus setting the price of ethanol to the blender. Therefore, we 
modeled the cost of ethanol to the blender using the cost structure of corn-based ethanol, for 
corn prices of $2.00-7.00 per bushel. 

This analysis assumes that ethanol volumes can be increased economically over time to meet 
the higher national average ethanol concentrations in the different scenarios (10 percent, 15 
percent and 20 percent). However, situations may arise where ethanol prices could be well 
above the levels we have assumed in this analysis, e.g. because cellulosic ethanol struggles 
to come on line or remains prohibitively expensive despite the subsidy of $1.01 per gallon, 
or because a shortfall of ethanol supply versus the mandated volumes arises at a certain point 
that leads Europe and the U.S. to bid up the price of imported Brazilian ethanol18. 

We used the following approach to determine the extent to which the lower production cost 
of blended gasoline was passed through during the first three quarters of 2008. First, we 
                                                 
17 The key assumption is that U.S. cellulosic ethanol will become commercially available over time at a cost 
below corn-based ethanol, but not in sufficient volumes to fully displace corn-based ethanol supply. 
18 In the event of an actual shortfall versus RFS mandates, the price of the RINs (Renewable Identification 
Numbers) that are obtained by blending ethanol and that refiners need to show as proof that they have blended 
ethanol in line with their overall gasoline production, can rise dramatically and lead to significant increases in 
gasoline prices at the pump. 
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assumed that in states that contain RFG markets (Exhibit 6), the reduction in gasoline 
production cost would be passed through fully to the drivers. The underlying assumption is 
that the RFG regulation results in well-developed ethanol logistics infrastructure that the 
non-RFG markets in the state can benefit from. 

* U.S. ethanol concentrations by state estimated based on the volume of RFG gasoline consumed within the state in the first 3 
quarters of 2008, the volume of fuel ethanol blended in 2006 by refiners and blenders within the state, and the overall ethanol 
concentration by PADD (2008 through July) 

Source: EIA

STATES WITH RFG MARKETS AND ETHANOL PENETRATION IN STATES 
WITHOUT RFG GASOLINE*
Percent of gasoline supply 

Exhibit 6
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Figure 6. States with RFG markets and ethanol penetration in states without gasoline 

 
For the states without any RFG markets, we first determined the ethanol concentration based 
on the total amount of ethanol blended by refiners and blenders within the state. We took 
into account any state and federal limits on the ethanol concentration to determine which 
portion of ethanol blended within the state is exported and consumed outside of the state, and 
we took into account imports from other states. Exhibit 6 shows the ethanol concentrations in 
these non-RFG states. We then calculated, by state, what the savings would be from ethanol 
if they were passed through fully to consumers. Finally, we applied a discount factor to these 
savings, based on the average ethanol blending level in the state, to account for reduced pass-
through in markets without homogeneous blending. For states with an average ethanol blend 
level below 2 percent, we assumed that none of the savings were passed through to 
consumers. For states with average ethanol blend levels between 2 percent and 6 percent, we 
assumed that 50 percent of the savings were passed through. Finally, for states with ethanol 
blend levels above 6 percent, we assumed all savings were passed through. 

For the scenarios with 10%, 15% and 20% national average ethanol concentrations, we 
assumed that the change in production cost due to ethanol blending would be fully passed 
through to the consumer. Indeed, as the available volume of ethanol increases and the market 
reduces bottlenecks in the ethanol supply chain, more gasoline marketers will be able to 

12 



blend up to the legal maximum in their market, and the price at the pump will more fully 
reflect the reduced input component costs. 

Finally, we adjusted the impact of the substitution effect to account for the lower fuel 
economy of the blended gasoline (E6.4, E10, E15 and E20) compared to E0. 

2.2.2 Findings 
Based on actual average gasoline and ethanol prices during the first three quarters of 2008, 
we found that a gallon of ethanol was, on average, 83 cents cheaper than a gallon of fossil 
gasoline. Thus, the average production cost of E10 during this period was 8.3 cents per 
gallon lower than that of E0 (see Exhibit 3). For a hypothetical gallon of E6.4, the average 
gallon of U.S. gasoline, the production cost was 5.3 cents lower than for E0 (without 
adjusting for reduced mileage of E6.4). 

Following the approach described above, we determined to what extent these lower 
production costs would result in lower gasoline prices at the pump in the different states. We 
found that during the first three quarters of 2008, about 15 million gallons of ethanol were 
blended per day in the 20 states that have RFG markets. Given that every gallon of ethanol 
resulted in a saving of 83 cents for the blender, this amounts to a savings of $12.5 million per 
day in these states with RFG markets, all of which are assumed to be passed through to 
consumers. About 9 million gallons of ethanol were blended per day in states without any 
RFG markets. This leads to a reduction in gasoline production cost of $7.5 million per day in 
these states. However, following the approach lined out in Section 2.2.1, we found that only 
$6.2 million per day was passed through to consumers. Thus, while the 24 million gallons of 
ethanol blended in the U.S. per day result in reduced gasoline production costs of $20 
million per day, only $18.7 million, or 93.5 percent, is passed through to the consumers. 
Thus, on average, every gallon of ethanol blended reduces the gasoline production cost by 83 
cents, but the price to consumers by only 78 cents. For the current market, where the 
production cost of E.6.4 is 5.3 cents per gallon lower than for E0 (see above), only 93.5% or 
4.9 cents are passed through to consumers. 

Furthermore, as the E10 blend has a lower mileage than the original E0, the consumer will 
need to purchase additional volume to achieve the same mileage. The consumer will need to 
purchase approximately 1.04 gallons, resulting in an additional charge of 7.0 cents. This 
additional cost offsets the benefit of the cost reduction above. The reason for this effect is 
that while ethanol is priced less than fossil gasoline, it is priced higher than its mileage 
equivalency, resulting in an increased cost per mile. The net impact of the substitution effect 
in the first three quarters of 2008 was an increase of the average price of a mileage-adjusted 
gallon of gasoline of about 2 cents. 

We estimated the impact of the substitution effect at higher national average ethanol blend 
levels by looking at two scenarios with different feedstock price assumptions. For the lower 
limit of the estimate, we used a scenario with crude oil at $60 per barrel and corn at $4 per 
bushel, while we used a crude oil at $120 per barrel and corn at $3.5 per bushel to determine 
the upper limit of the estimate. The scenarios were chosen as they represent two relatively 
extreme pricing environments. In the lower limit scenario the ratio of crude oil to corn price 
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is 15:1, while in the upper limit scenario, the ratio is 34:1. Since 2005, the actual ratio (based 
on average monthly prices) has only once been below 15:1, and never above 34:1. Exhibit 7 
shows the impact of the substitution effect (assuming full pass-through of the reduced 
production cost to consumers, and after mileage adjustment) for E10. 
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Figure 7. Impact of the substitution effect on the price of a gallon of E10 (mileage-adjusted) 

 
As can be seen from the graph, the price of a gallon of E10 (mileage adjusted) is between 6 
cents higher and 6 cents lower than that of E0, depending upon the relative price of crude oil 
and corn. 

The price of a gallon of E15 is between 8 cents higher and 11 cents lower19, and the price of 
a gallon of E20 is between 13 cents higher and 12 cents lower than that of E0. As mentioned 
above, for the 10 percent and higher national average ethanol blending levels, we assumed 
that the gasoline production cost savings from ethanol will be fully passed through to the 
drivers. 

2.3 Best Oxygenate in Reformulated Gasoline Markets 
Approximately 30% of U.S. gasoline is reformulated gasoline (RFG), which is required in 
areas where high population density has led to more stringent clean air regulations. These 
markets effectively require gasoline to include an oxygenate that adds 2.1% of oxygen to the 

                                                 
19 For E15, the substitution effect is more skewed towards decreasing the cost of gasoline, compared to E10 
and E20. This reflects the relative better mileage of ethanol when it is blended in E15 gasoline as compared to 
E10 and E20. 
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gasoline20, to make it burn more cleanly, hence the name reformulated gasoline. Historically 
MTBE21 was the oxygenate of choice, but it was phased out in 2006 due to concerns about 
its carcinogenic properties. At the time of the MTBE phase out, the EPA and states such as 
California, examined potential oxygenate substitutes. Ethanol emerged as the best 
alternative, and today, virtually all gasoline in RFG markets contains ethanol to meet the 
oxygenate requirements. 

2.3.1 Approach 
To estimate the value of ethanol as an oxygenate in RFG markets, we looked at the cost of 
the best (most cost-effective and acceptable from an environmental and health perspective) 
available alternative in the short and in the long term. To identify the best available options, 
we first categorized the potential oxygenate substitutes into viable and non-viable 
alternatives. Certain substances – methanol, MTBE and TAME were eliminated based on 
environmental and health risks, and DME was eliminated because it has not been tested as a 
gasoline additive.22  Isopropanol, ETBE, butanol and bio-butanol, listed in order of cost to 
produce, were considered viable substitutes. 

Having identified the potential substitutes, we assessed the quantities available of each 
potential substitute today. Today, none of the viable substitutes are produced at sufficient 
volumes to replace on their own the roughly 2.7 billon gallons of ethanol used as an 
oxygenate. As a result, blenders would have to use various substitutes to meet the 
requirement. Therefore, we developed a marginal cost curve for meeting the 2.1% oxygenate 
requirement in RFG markets in the absence of ethanol in the short run, based on average spot 
prices of the different substitutes during the first three quarters of 2008. Fossil butanol, one 
of the most expensive alternatives, would likely be the marginal source of oxygenate in the 
short run if there was no ethanol, even if we assume that the entire global production of all 
the viable alternatives is made available to replace ethanol in U.S. reformulated gasoline. 

If ethanol were truly not available, eventually chemical producers would scale up production 
of cheaper alternatives. Based on a comparison of marginal production costs of the different 
alternatives, isopropanol would likely be the most cost-effective long term substitute in the 
U.S. market. The production cost for isopropanol was calculated using the modeled 
feedstock costs (natural gas and propylene) using $60 per barrel of crude oil23. 

2.3.2 Findings 
Blending ethanol as an oxygenate is keeping gasoline prices in RFG markets today about 51 
cents per gallon lower than they would be with no ethanol. This figure reflects the short-term 
cost of switching to butanol as the marginal source. Overall, with RFG markets accounting 

                                                 
20 This is no longer a legal requirement, as the law just stipulates the emission characteristics. However, in 
practice, an oxygen-containing component needs to be added to meet those emission characteristics in a cost-
effective way. 
21 Methyl-tertiary-butyl ether. 
22 MTBE (carcinogenic), TAME (listed by the EPA as a potential hazard); methanol (no longer in widespread 
use in the U.S., primarily due to safety issues). 
23 We used a price of $60 per barrel of crude oil, rather than the EIA’s long-term forecast of $69 (AEO 2008), 
as we are determining the lower end of the range of savings. 
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for 30% of U.S. gasoline consumption, this amounts to a reduction of the average U.S. 
gasoline price today of about 15 cents per gallon. 

For the 10 percent, 15 percent and 20 percent national average blending level scenarios, we 
developed a range for the impact of ethanol as an oxygenate. The high end of the range 
reflects the short-term cost of switching to butanol (15 cents per gallon). The low end of the 
range was determined by assessing how much more expensive the gasoline production cost 
would be if the 2.1% oxygen requirement would be met with isopropanol (at $60 per barrel 
of oil) rather than with ethanol (at $4 per bushel of corn). Taking into account their 
production cost per gallon as well as their oxygen content (35% for ethanol and 27% for 
isopropanol), we calculated savings of 3 cents per gallon of gasoline for the low end of the 
range. Note that the savings of 3 to 15 cents per gallon of gasoline apply to the 10 percent, 
15 percent and 20 percent national average blending level scenarios, as the oxygenate 
requirement is already fulfilled at about 2% national ethanol concentration and the savings 
thus do not scale up as the ethanol concentration is increased. 

As an additional point of context, when ethanol replaced MTBE as the oxygenate in gasoline 
in 2006, shortages of ethanol at the time drove blenders to use alternatives. In the period of 
April to July 2006, when ethanol was most scarce, reformulated gasoline prices spiked to 
approximately 40 cents per gallon higher than would be expected based on the crude oil 
prices at the time.24  This is an additional indication how much more expensive gasoline 
could be in the short run without ethanol. 

2.4 Increased Fossil Gasoline Yield per Barrel of Oil 
Regular gasoline sold in the United States requires an octane number25 of at least 87. Crude 
oil refining produces multiple different outputs, and fossil gasoline is a blend of many of 
these outputs, for instance FCC gasoline (the gasoline stream coming out of the FCC unit), 
naphtha and butane. High-octane isomerate and reformate, produced by converting low-
octane naphtha streams in an isomerization unit and a reformer, respectively, are typically 
added to meet the octane requirement. 

With an octane number of 113, ethanol is an excellent source of octane for a target 87 octane 
gasoline blend. As a result, refiners producing fossil gasoline for blending with ethanol 
(called CBOB or Conventional Blendstock for Oxygenate Blending) can increase the 
percentage of low-octane naphtha in the gasoline blend and reduce the isomerization unit and 
reformer throughput. Since the conversion of naphtha to isomerate and reformate results in 
gasoline volume loss (hydrogen and other low value light end components are produced as 
by-products), less processing results in higher yields of fossil gasoline per barrel of crude oil. 
Exhibit 8 gives a schematic overview of the fossil gasoline production process, and how 

                                                 
24 We assessed this effect by using the McKinsey Price Equilibrium model to determine the retail reformulated 
gasoline price, based on the assumption that U.S. wholesale gasoline prices would be set by the cost of 
importing gasoline produced in Northwest Europe on a hydro-skimming marginal configuration. 
25 Anti-Knock Index (AKI) or Pump Octane Number (PON), which is equal to the average of the Research 
Octane Number and the Motor Octane Number. The octane in the gasoline increases the activation energy 
needed for auto-ignition of the gasoline. The higher activation energy means less knocking of the engine. 
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ethanol blending allows the change the mix of the different fossil gasoline components in the 
final gasoline blend (decrease in isomerate and reformate and increase in naphtha). 
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Heavy naphtha (60)
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Figure 8. Impact of ethanol blending on volume of fossil gasoline components 

 
The higher fossil gasoline yield comes at the expense of reduced yields of lower value 
products. As a result, refiners are now able to produce a more valuable mix of products out 
of the same barrel of crude oil. This will put downward pressure on the prices of all refined 
products. Due to competitive pricing, the marginal, price-setting refinery is just earning its 
costs of production, and a shift towards a more valuable product mix in this marginal 
refinery will therefore be offset by a reduction in prices of refined products, keeping the 
profits of the marginal refinery at zero. Note that this effect is not only lowers fossil gasoline 
prices, but prices of all products, including diesel, jet fuel and fuel oil. 

2.4.1  Approach 
We used a two-step approach to estimate the impact of this effect. First, using a Linear 
Programming (LP) model representing the marginal U.S. refining capacity (FCC 
configuration)26 and average product prices during the first three quarters of 2008, we solved 
for the most valuable mix of products, for 0 percent, 10 percent, 15 percent and 20 percent 
levels of ethanol blending. The model also calculated the input costs for each scenario to 

                                                 
26 In principle, as the marginal source of gasoline in the U.S. today are discretionary imports, we would ideally  
model the impact of the yield effect based on a hydro-skimming configuration in Europe, Middle East or Asia, 
whichever is the marginal source of gasoline for the U.S. However, note that modeling this impact for instance 
for a European Hydro-skimming unit would yield a similar result. 
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account for changes in inputs (e.g., as the reformer and isomerization unit throughputs are 
reduced, additional hydrogen will have to be purchased). 

Additional constraints were built into the model to ensure that at a macro-level, all product 
demand would continue to be met. As a result, lower yields only happened for products for 
which there are good alternatives, so reduced volumes would not drive up prices. We also 
verified that increases in the inputs required, specifically hydrogen, could be met without  
driving up the prices of the inputs. Using this approach, the optimal composition and yield of 
the fossil gasoline streams for each scenario (no blending, blending with 10 percent, 15 
percent and 20 percent ethanol) was determined, as well as the yields of the other streams 
and the operating expenses. 

Subsequently, we calculated the prices of the fossil gasoline streams (as well as all other 
streams) for the different scenarios. For this, we used the outputs of the Refinery LP model 
(volume and composition of the different product streams, as well as operating expenses) as 
inputs into McKinsey’s Price Equilibrium model (see also Section 2.2.1). 

2.4.2 Findings 
Exhibit 9 shows the composition of the products produced by the FCC configuration, as well 
as the composition of the CBOB. As the percentage ethanol with which the CBOB will be 
blended increases, the share of naphtha in the CBOB increases, while the share of isomerate 
and reformate decreases. 

Methodology: Accuracy of the modeling 
A number of proprietary McKinsey models were used for this analysis, including the LP 
Refinery and the Price Equilibrium model. These models are regularly updated and have been 
validated numerous times against real life situations. 

During our effort, we validated the Price Equilibrium model by comparing the average NY 
Harbor spot price for Conventional gasoline during the first three quarters of 2008 ($2.81 per 
gallon) with the price modeled with the Price Equilibrium model (using the average crude oil 
price during the period). We modeled the gasoline production cost of a European 
hydroskimming configuration and added the cost of transportation to come up with the NY 
harbor wholesale price of $2.92 per gallon. The small delta can be partially explained by the 
fact that during certain periods in the first three quarters of 2008, no imports were taking 
place from Europe and prices were set by lower cost marginal sources. 

Note that because the impact of a specific effect is always calculated by comparing two 
different model runs, any error on the margin in the model will only have a minimal impact 
on the final result. 
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OUTPUT OF THE REFINERY LINEAR PROGRAMMING MODEL

* Conventional Blendstock for Oxygenate Blending 
** Hydrogen is an output of the reforming process.  When the reformer is backed down, refiners can either make 

hydrogen from natural gas or buy hydrogen on the market. 
Source: McKinsey Refinery LP Model
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Figure 9. Output of the Refinery Linear Programming Model 

Overall, we found that refiners producing fossil gasoline for E10 blending can produce 
approximately 3.2 percent more fossil gasoline from a barrel of oil than when they produce 
E0 (gasoline yield per barrel of crude increases from 39.6% to 40.8%), without additional 
investments in refining capacity. For E15 and E20, the fossil gasoline yield goes up by 4.7 
and 6.7 percent, respectively. Using the outputs from the Refinery LP model in the Price 
Equilibrium model, we found that gasoline prices at the pump could fall 1 to 2 cents per 
gallon for E10 versus E0. For E15 and E20, the savings would increase to 2 to 3 cents and 2 
to 5 cents, respectively. The impact today is calculated to be 1-2 cents based on extrapolation 
from the E10 savings. Note that our assessment assumes that the marginal, price-setting 
refinery is producing fossil gasoline for blending with ethanol. Furthermore, it assumes that 
refineries are effectively increasing their fossil gasoline yield at the expense of other 
components, which may not yet be fully the case today. 27 

                                                 
27 Today, this effect may not be fully captured by all U.S. refineries producing fossil gasoline for blending 
with ethanol, but they should be able to capture this benefit over time. The increased gasoline yield is the result 
of reduced throughput in the reformer. A secondary effect of backing down the reformer is reduced production 
of hydrogen, which is required for desulfurization of diesel. For most refineries, this will not be a problem, as 
they typically have access to hydrogen produced from natural gas. However, some refineries in central Europe 
and Asia rely on internally produced hydrogen and would not be able to reduce throughput in the reformer to 
the same extent. 
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2.5 Reduced Fossil Gasoline Imports 
When the supply of fossil gasoline from U.S. refineries and structural, regional imports28 is 
insufficient to meet domestic demand, the United States fills the gap by purchasing refined 
fossil gasoline on the global market. These discretionary imports tend to be more expensive, 
because they come from marginal refining capacity in distant markets, typically Europe, 
Asia and the Middle East. These refiners sell their cargoes to the United States only if the 
U.S. gasoline wholesale price is high enough to cover their production and transportation 
costs, plus a margin for the risk of putting the gasoline in transit for several weeks. As a 
result, most of the time, the price of these marginal supply cargoes effectively sets the fossil 
gasoline price in the U.S. market, even though these imports make up only a small portion of 
the supply in the United States – in well functioning markets, the marginal source sets the 
price. 

Note that even though these discretionary imports occur primarily in PADD 1 (Atlantic 
Coast), they set prices across the U.S. Indeed, PADD 3 (Gulf Coast) is the marginal domestic 
supplier of all regions (supplies PADD 1 and PADD 2 by pipe, and PADD5 by ship through 
the Panama canal). Consequently, when prices are set at import price parity in PADD 1, that 
price link ripples through to the other regions through PADD 3. 

2.5.1 Approach 
The addition of ethanol into the U.S. gasoline supply reduces the demand for fossil gasoline. 
We estimated the source of this displaced fossil gasoline by building a marginal cost curve 
for U.S. fossil gasoline. The wholesale fossil gasoline prices on the curve were modeled for 
different crude oil prices, using McKinsey’s Price Equilibrium model for each of the refining 
configurations. 

Fossil gasoline demand was determined for a scenario without any ethanol, with today’s 
level of ethanol (6.4%), and at higher national average ethanol concentrations (10%, 15% 
and 20%). For these volume calculations, we determined how many gallons of fossil 
gasoline a gallon of ethanol would displace, adjusted for the mileage loss associated with the 
different ethanol concentrations. Exhibit 11 shows the fossil gasoline supply curve for the 
U.S. in spring and summer season29, with fossil gasoline costs calculated based on a $111 
per barrel crude oil price (average price during first three quarters of 2008). 

                                                 
28 Mostly from Canada, the Caribbean and Northwest Europe. 
29 The spring and summer seasons typically have the highest demand for gasoline in the United States. Winter 
and Fall, with lower required discretionary imports, will show the benefits of ethanol at lower national average 
ethanol concentrations (approximately 7%). 
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Figure 10. 2008 U.S. fossil gasoline supply curve in spring and summer 

 
Using the marginal cost curves we were able to determine how the price of fossil gasoline 
would change as the demand shift created by ethanol moved the U.S. from a price set by 
discretionary imports to one set by domestic production. We were also able to calculate the 
associated volume of imported gasoline displaced by ethanol. 

2.5.2 Findings 
Ethanol has already helped reduce the United States’ dependence on discretionary foreign 
imports. From 2005 to 2007, ethanol blending allowed the nation to eliminate 280 million 
barrels of high-cost, imported gasoline, reducing U.S. spending on foreign gasoline imports 
by $22 billion over this period. 

At present, the United States imports discretionary cargoes throughout the year. However, an 
average national economic ethanol concentration of 7 percent, just 0.6 percent above today’s 
level, could eliminate discretionary imports during the fall and winter, when demand for 
gasoline is lowest. Achieving national economic ethanol concentrations above 9 percent 
would eliminate the need for these imports throughout the year (Exhibit 10).30 

                                                 
30 Given the lack of alternative markets for their excess gasoline, European refiners may actually have no other 
alternative than to continue exporting some of the discretionary volumes to the U.S. markets, by dropping the 
prices for their gasoline cargoes below the marginal cost of U.S. gasoline production. At that point, these 
previously discretionary imports would become structural imports, and the lower cost volume added through 
these additional structural imports would replace some of the marginal U.S. production capacity. Overall, the 
price savings would be at least as high as the savings figures mentioned above. 
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At that point, gasoline prices would reflect the marginal cost of producing gasoline at U.S. 
refineries, a reduction of 18 to 23 cents, depending on the price of crude oil. Due to 
competition, drivers at the pump should see these benefits right away.31 If the United States 
economically meets the ethanol volumes specified in the Renewable Fuel Standard (RFS),32 
it could achieve a national average of E9 gasoline and eliminate discretionary imports by 
201033 (Exhibit 11). 
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Source: EIA (AEO 2008 Revised outlook of March 2008); RFS mandate;  Team analysis
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Figure 11. Fossil gasoline supply and demand during summer months 

 
2.6 Relative Fossil Gasoline Overcapacity 
Historically, gasoline and diesel prices per barrel have both traded at a similar premium to 
crude oil, with about a $1 differential between gasoline and diesel. However, in recent years, 
the differential between diesel and crude oil has increased dramatically, while the differential 
between fossil gasoline and crude oil has fallen, and was even briefly negative for a period in 
the first half of 2008. This has caused the spread between diesel and gasoline prices to 
increase significantly - to an average spread of $18 in the first three quarters of 2008 (Exhibit 
12). 

                                                 
31 U.S. refiners could see substantial margin erosion as a result of eliminating foreign discretionary imports. 
They would be earning 18-23 cents less of margin per gallon on all of their production. 
32 The Renewable Fuel Standard of 2007 specifies the volume of ethanol to be blended into gasoline in the 
U.S. each year through 2022. For 2022, the quota is a minimum of 31 billion gallons. 
33 Without any ethanol, this would most likely not happen before 2020, based on planned refining capacity 
expansions. 

22 



U.S. DIESEL-TO-GASOLINE PRICE SPREAD
$/barrel

* Europe Brent FOB Spot price; NY Harbor Conventional Regular Gasoline and No 2 Low Sulfur diesel FOB spot price. 
Ultralow Sulfur diesel is on average $1 per barrel more expensive than Low Sulfur diesel (based on data since 05/06) 

Source: Platts; EIA; IEA; Team analysis
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Figure 12. U.S. diesel-to-gasoline price spread 

The two main drivers of this effect have been an increase in diesel demand – primarily from 
rapidly growing economies in China, India and the Middle East – and the offset to gasoline 
demand growth from increasing volumes of ethanol blended into the global gasoline supply. 
These effects are compounded by the fact that there is only limited flexibility to selectively 
increase the production of diesel without producing gasoline: diesel and fossil gasoline are 
produced simultaneously in the refining process,34 with the marginal refinery producing 
roughly two barrels of gasoline components for each barrel of diesel. 

As the world demands more diesel, more gasoline components are produced as well, beyond 
what is actually required to satisfy the global gasoline demand. As a result, the spread 
between diesel and gasoline prices has been widening significantly. A refiner earns enough 
on the diesel produced to allow margins on gasoline to fall and still maintain profitability. 

2.6.1 Approach 
Our analysis aims to identify how much of the widening price spread between diesel and 
gasoline was driven by ethanol (versus diesel demand), and how that effect could increase at 
higher levels of ethanol blending. We analyzed the gasoline supply shift driven by diesel 
demand (i.e. fossil gasoline produced as a complementary product of diesel) and the demand 
shift driven by ethanol in the period 2005-2008, attributing the appropriate share to each 
driver. Because gasoline and diesel volumes and prices are set on a global basis, we looked 
at the global impact, assuming the global price changes would be reflected in the U.S. 
market. 
                                                 
34 Diesel and gasoline components are both outputs of the refinery distillation tower that processes the original 
crude oil. 
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2.6.2 Findings 
Since 2005, global diesel demand has grown by 1.2 million barrels per day, one and a half 
times faster than the global gasoline demand, which increased 0.8 million barrels per day 
over the same time period. At the same time, increased ethanol blending further reduced the 
demand for fossil gasoline by adding the equivalent of 0.44 million barrels of gasoline per 
day to the supply, just over half of which was associated with consumption in the United 
States. As a result, global fossil gasoline demand grew by less than 0.4 million barrels per 
day since 2005, under one third the increase of diesel demand of 1.2 million barrels per day. 

As refiners expanded production capacity to meet the rapidly growing diesel demand since 
2005, they simultaneously increased production capacity for gasoline components (including 
naphtha, which is a blendstock for fossil gasoline, but can also be used as a fuel and as a 
petrochemical feedstock). In order to cope with this imbalanced demand growth, producers 
adjusted their refineries to make more diesel and less gasoline components from the same 
amount of crude oil. These adjustments raised the average output ratio of diesel to gasoline 
components (including naphtha) from approximately 42% in 2000 to more than 46% in 2005 
(Exhibit 13). In the same period, the ratio of diesel to finished gasoline (including only the 
naphtha that was eventually consumed as gasoline) increased from about 54% to 60%. By 
2005, however, refiners had exhausted most of their low-cost adjustment options and 
increasing the output ratio of diesel to gasoline components further would require significant 
capital investments (hence the very limited increase in that ratio since 2005 in Exhibit 13). 
Since 2005, refineries have increased their diesel production primarily by processing more 
crude oil through less complex, marginal refining capacity and by beginning to make 
investments in diesel-focused refining capacity.35  As we will discuss later, refiners further 
aligned their finished gasoline production with gasoline demand, by diverting naphtha from 
the gasoline pool to a secondary use – hence the further increase in diesel-to-finished 
gasoline ratio in Exhibit 13, while the actual ratio between diesel and gasoline components 
(including naphtha) increased only slightly. 

Refineries have needed to add an additional 1.2 million barrels per day of diesel output since 
2005 in order to meet the diesel demand growth discussed above. Given the 60% diesel-to-
finished gasoline output ratio in 2005 (after refineries had already adjusted their existing 
capacity to produce as much diesel as possible), refiners would have added 1.9 million 
barrels per day of fossil gasoline supply capacity, at a time when the actual demand increase 
has been less than 0.4 million barrels per day. 

                                                 
35 Specifically hydrocracker capacity, which allows to further crack the gasoil into lighter products, including 
diesel. 
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IN RESPONSE TO RAPIDLY GROWING GLOBAL DIESEL DEMAND, 
REFINERIES WORLDWIDE ARE MAXIMIZING THEIR DIESEL PRODUCTION

Global diesel and fossil gasoline demand 
Volume normalized to 2000

Diesel demand growth has far outpaced 
fossil gasoline demand growth…

Output ratio of diesel to finished gasoline 
and diesel to gasoline components (volume)

…and refineries globally have in response 
increased their production ratio of diesel* 
to gasoline

* Also called distillate fuel oil, defined as diesel for on- and off-road use by EIA. Primarily road diesel (No2 distillate).
Source: Tecnon-Parpinelli, EIA; Team analysis
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Figure 13. In response to rapidly growing global diesel demand, refineries worldwide are 

maximizing their diesel production 

 
Exhibit 14 graphically depicts the dynamics described above. The dotted line shows the 
global demand for gasoline, which has grown 0.8 million barrels per day since 2005. The 
remainder of the chart shows the sources of incremental gasoline supply capacity. Because 
of the impact of ethanol, fossil gasoline (orange section) only supplies a portion of the total 
gasoline demand, the remainder is provided by ethanol (green section). However, the 
increased diesel demand creates incremental supply capacity, due to increased production 
required to meet global diesel demand (blue section). Once the aggregate supply capacity 
exceeds the global demand, there is an oversupply situation and gasoline prices will face 
downward pressures. This is what has driven the spread between gasoline and diesel. 
Growing global demand for diesel has driven the diesel price up, while increased oversupply 
capacity for gasoline has driven the price down. Because any one component on Exhibit 13 
can push the gasoline capacity above the global demand, we allocated the impact based on 
the relative size of the contribution. 

Based on this analysis, about 77 percent of the fossil gasoline overcapacity can be attributed 
to fossil gasoline36 supply additions associated with strong demand for diesel. The remaining 
23 percent of the effect is a result of increased ethanol blending - 14 percent from U.S. 
ethanol and 9 percent from the rest of the world, primarily Brazil. Out of the 14 percent 
contribution of U.S. ethanol to this relative gasoline overcapacity situation, 11 percent is a 
result of ethanol displacing fossil gasoline demand. The remaining 3 percent (represented by 

                                                 
36 Including naphtha. 
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the green wedge above the gasoline demand line in Exhibit 14) is a result of increased fossil 
gasoline supply capacity due to the yield effect explained in Section 2.4 of this report.37 

Instead of overproducing gasoline, refiners have been able to largely prevent a physical 
build-up of gasoline inventories by diverting naphtha (a gasoline component) from the fossil 
gasoline pool, using it instead as fuel and chemical feedstock, thereby eliminating about 70 
percent of the gasoline oversupply (the volume above the gasoline demand line in Exhibit 
14). 
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Figure 14. Cumulative global gasoline supply capacity additions since 2005 

 
In addition, some refineries have increased their diesel-to-gasoline output ratios through 
significant investments in diesel production capacity and operational changes,38 eliminating 
the remaining 30 percent of the oversupply. The relative impact of the two approaches can 
be seen in Exhibit 13. Indeed, the ratio of diesel to finished gasoline output has increased 
significantly as naphtha was diverted away from the gasoline pool, while the ratio of diesel 
to gasoline plus naphtha has only slightly increased as the diesel-focused refining capacity 
additions are only gradually coming on line. 

These two actions taken by refineries to balance gasoline supply and demand will only take 
place with lower gasoline prices – naphtha will only be diverted from the gasoline pool to a 
                                                 
37 The increased yield described in Section 3 includes the cost benefit outlined in Section 3 as well as a volume 
impact contributing to the gasoline glut. 
38 Adding hydro skimming capacity and replacing catalyst in catalytic cracker to make more diesel, and 
adjusting distillation cut points to maximize distillate production from both the catalytic cracker and the 
distillate blending. 
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secondary use if the gasoline price is low enough, and refineries will only invest in targeted 
diesel production capacity if the spread between diesel and gasoline prices has reached a 
level to justify the investment. 

Having quantified the contribution of ethanol and diesel to the widening of the spread 
between diesel and fossil gasoline prices since 2005 (Exhibit 12), we were able to estimate 
how much ethanol has contributed to lower gasoline prices. In 2008, refineries typically 
produce three barrels of gasoline for every two barrels of diesel. Given this ratio, if diesel 
prices went up by $1 per barrel, refiners would be able to lower gasoline prices by 66 cents 
and still break even. In other words, as gasoline prices lower 40 percent, diesel prices go up 
60 percent. U.S. ethanol blending has contributed about 14 percent, or $2.40, of the $17 
increase in the diesel to gasoline spread. Taking 40 percent of this as a contribution to lower 
gasoline prices, and 60 percent as a contribution to higher diesel prices, we estimate it 
lowered fossil gasoline prices about 2 cents per gallon.39  If the United States could move 
economically to a national average ethanol concentration of 10%, the per-gallon effect would 
rise to about 4 cents per gallon. For 15% and 20% national average ethanol concentrations, 
the impact would be 5 and 7 cents, respectively. 

It is also important to note that this effect is a truly global effect. Hence, ethanol blending in 
the U.S. does not just lower fossil gasoline prices in the U.S. but globally, through its 
contribution to the global gasoline oversupply, in the same way that diesel demand in 
emerging economies contributes to the rise of U.S. diesel prices.

 
39   Price differential of $2.40 per barrel (42 gallons) attributed to ethanol blending, with effect calibrated to the 
relative 2008 refinery output of diesel and gasoline (assuming that diesel and gasoline are the primary drivers 
of refinery pricing). We used the average 2008 spread during first three quarters of 2008 ($18) and subtracted 
the $1 historical average. Note that we did not subtract the reduction in fossil gasoline price due to the yield 
effect from the spread between diesel and fossil gasoline prices. Indeed, the yield effect lowers both diesel and 
fossil gasoline prices, and thus does not impact the spread between diesel and fossil gasoline prices.  



3 Moderating Crude Oil Prices in the Long Term 

Ethanol blending could play an even more significant role over the longer term by 
moderating crude oil prices, with a resulting impact on gasoline prices far greater than the 18 
to 63 cents per gallon represented by the highest blending level discussed so far. 

In recent years, ethanol has been the largest source of additions to the global fuel supply 
outside of OPEC. In 2008, the United States alone will consume close to 9 billion gallons of 
ethanol (over 50 percent of global bio-ethanol consumption), displacing 0.4 million barrels 
of fossil gasoline per day. 

However, today’s tight diesel supply-demand balance prevents the displaced gasoline from 
translating into reduced crude oil consumption. Over time, demand growth for fossil diesel 
may start to slow due to a variety of factors, potentially including a slowing of the global 
economy, reductions in diesel subsidies in countries like China and India, reduced diesel 
consumption by drivers in response to record high prices, substitution of natural gas for 
distillate at power plants, a decline in emergency diesel back-up generation, and increasing 
biodiesel output. At that point, if gasoline is once again a driver of crude oil demand, lower 
gasoline demand brought about by ethanol blending should start to directly reduce demand 
for crude oil. 

Refiners worldwide have made significant investments to increase the diesel-to-gasoline 
output ratio at their refineries, a first step toward easing the pressure on diesel market. Since 
2005, diesel-focused refining capacity has grown at twice the rate of other types of refining 
units.40  These adaptations will further help ethanol to displace crude:  as ethanol blending 
increases, refiners will use the increased flexibility to increase diesel and reduce gasoline 
output per barrel of crude oil, allowing crude oil demand to soften while maintaining diesel 
output. By displacing up to 1.4 million barrels of crude oil per day when blended to the level 
of 20-percent of U.S. demand, ethanol would help to restore a critical buffer of spare crude 
oil production capacity, which could help drive down the crude oil prices, much in the same 
way that erosion of the buffer has pushed crude oil prices up well above the fundamental 
marginal production costs over the past few years. Furthermore, ethanol could help to 
eliminate the need for the most expensive sources of crude oil supply. 

The economic benefits of lower crude oil prices could far outweigh the short-term benefit 
discussed above. By reducing crude oil prices, ethanol would not only lower gasoline prices, 
but also prices of other petroleum based products, such as jet fuel and diesel. However, this 
effect is as much more uncertain than the effects we have described in Chapter 2, specifically 
given OPEC’s ability to support prices by reducing crude oil supply. 

                                                 
40 Since 2005, global hydro-cracking capacity has grown at 6 percent year on year, while coking and catalytic 
cracking capacity have grown at 3 percent and 1 percent, respectively. 
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Appendix A: Additional Exhibits 

OVERVIEW OF END-TO-END GASOLINE PRODUCTION IN U.S.
2008, Million barrels per day

* Also called Distillate Fuel oil, defined as diesel for on- and off-road use by EIA. We assume 65% of distillate fuel oil is diesel for transportation
** Not  equal to sum of outputs, as there is a refinery processing gain

*** Includes distillate oil used for heating and other off-road uses 
Source: EIA, Team analysis
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Figure A. Overview of end-to-end gasoline production in U.S. 
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1 Based on average U.S. retail gasoline price on October 17, 2008; 2 Based on forecasted U.S. gasoline demand of 17.22 quadrillion BTU in 2008
3 Does include subsidies; 4  Assuming 205 million drivers in US;  5 Based on U.S. population of 302 million

Source: EIA; AEO 2008; U.S. DOT; Team analysis
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Figure B. Broader economic impact of ethanol blending
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Appendix B: Ethanol pricing mechanisms and the substitution 
effect 

In efficient markets with balanced supply and demand, the ethanol price will be set by the 
value that the ethanol has for the refiner when blended in gasoline (the “gasoline blend 
value”). The gasoline blend value of a gallon of ethanol is equal to the price that the blender 
would have to pay for a gallon of fossil gasoline plus the value of the blending credit, 
corrected for the lower mileage of ethanol whenever the blender is not able to price blended 
gasoline at the same level as unblended. The latter would happen whenever drivers can 
choose between blended and non-blended gasoline, and are aware of the mileage loss of the 
blended gasoline compared to the unblended gasoline. 

In such a world where ethanol is priced at its gasoline blend value, blending ethanol will not 
lower the mileage-adjusted price of gasoline, and hence there would be no substitution effect 
in the strict sense of the word. However, whenever the gasoline blend value pricing 
mechanism applies, ethanol would be lowering the price of fossil gasoline in another way. 
The price of fossil gasoline and ethanol would converge at blend value parity as they are 
substitutes41: as long as the gasoline blend value of ethanol is above its marginal production 
cost, ethanol producers will increase capacity, which will lead fossil gasoline prices to drop 
towards ethanol marginal production cost (at the same time, ethanol marginal production 
costs may increase as production capacity expands). 

However, in today’s environment, the price of ethanol is not set based on its gasoline blend 
value due to short term infrastructure constraints that have led to a domestic “over-supply” 
of ethanol. This supply excess drives ethanol to marginal production economics, instead of 
gasoline blend value parity, and thus a lower price. Hence, we observe the substitution effect 
that we have assessed in Section 2.1. 

Investments underway today in infrastructure will eventually cause the price of ethanol and 
gasoline to converge at blend value parity, and the substitution effect will be replaced by a 
“convergence” effect, as described above. The impact of this convergence effect would be 
difficult to measure, and could potentially be smaller than the substitution effect seen today 
under the marginal cost pricing mechanism for ethanol.42 

                                                 
41 Up to the 10% limit allowed under currently approved gasoline blending formulas. Substantial automotive 
and infrastructure investments may be required for blending beyond this 10% limit. Ethanol could be trading at 
a discount to fossil gasoline, if drivers knew when the gasoline at the pump contains ethanol, have the choice to 
buy gasoline with or without ethanol, and take the lower mileage of ethanol into account in their purchasing 
decisions. 
42 Note that this convergence effect differs from the Fossil Gasoline Oversupply effect described in Section 
2.6. The Fossil Gasoline Oversupply effect estimates the impact of decreased fossil gasoline demand on the 
fossil gasoline price based on fossil gasoline supply and demand economics, and is not linked to the ethanol 
production price. The convergence effect on the other hand estimates the impact of  adding a lower cost, 
plentiful source of gasoline, based on substitution economics. 
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ABSTRACT 

The U.S. Environmental Protection Agency (EPA) grants Certificates of Conformity for alternative fuel 
conversion systems and also offers other forms of premarket registration of conversion kits for use in 
vehicles more than two model years old.* Use of alternative fuels such as ethanol, natural gas, and 
propane are encouraged by the Energy Policy Act of 1992. Several original equipment manufacturers 
(OEMs) produce emissions-certified vehicles capable of using alternative fuels, and several alternative 
fuel conversion system manufacturers produce EPA-approved conversion systems for a variety of 
alternative fuels and vehicle types. To date, only one manufacturer (Flex Fuel U.S.) has received EPA 
certifications for ethanol fuel (E85) conversion kits.  

This report details an independent evaluation of a vehicle with a legal installation of a Flex Fuel U.S. 
conversion kit. A 2006 Dodge Charger was baseline tested with ethanol-free certification gasoline (E0) 
and E20 (gasoline with 20 vol % ethanol), converted to flex-fuel operation via installation of a Flex Box 
Smart Kit from Flex Fuel U.S., and retested with E0, E20, E50, and E81. Test cycles included the Federal 
Test Procedure (FTP or city cycle), the highway fuel economy test (HFET), and the US06 test (aggressive 
driving test).  

Averaged test results show that the vehicle was emissions compliant on E0 in the OEM condition (before 
conversion) and compliant on all test fuels after conversion. Average nitrogen oxide (NOx) emissions 
exceeded the Tier 2/Bin 5 intermediate life NOX standard with E20 fuel in the OEM condition due to two 
of three test results exceeding this standard [note that E20 is not a legal fuel for non-flexible-fuel vehicles 
(non-FFVs)]. In addition, one E0 test result before conversion and one E20 test result after conversion 
exceeded the NOX standard, although the average result in these two cases was below the standard. 
Emissions of ethanol and acetaldehyde increased with increasing ethanol, while nonmethane organic gas 
and CO emissions remained relatively unchanged for all fuels and cycles. Higher fraction ethanol blends 
appeared to decrease NOX emissions on the FTP and HFET (after conversion). As expected, fuel 
economy (miles per gallon) decreased with increasing ethanol content in all cases.  

1. INTRODUCTION 

The Energy Independence and Security Act of 2007 (EISA) expands the renewable fuel standard to 
require the use of 36 billion gallons of renewable fuel per year by 2022. Given that ethanol is the most 
widely used renewable fuel in the U.S. market, ethanol will likely make up a significant portion of the 
36-billion-gallon requirement.  

The vast majority of the ethanol used for transportation in the United States is blended with gasoline to 
create E10—gasoline with up to 10% ethanol. The remaining ethanol is sold in higher level blends for use 
in FFVs, vehicles that can operate on any blend of gasoline and ethanol between ethanol-free gasoline 
(E0) and E85. ASTM International’s standard ASTM D 5798-11 defines “ethanol fuel blends for flexible-
fuel automotive spark-ignition engines”† (known commercially as “E85”) as gasoline blends with 51 to 
83 vol % ethanol. Consumption of E85 in the U.S. is currently limited by the size of the FFV fleet, the 
number of E85 fueling stations, and sometimes unfavorable pricing of E85 compared to E0 or E10 (on a 
cost per unit energy basis).  

                                                      
*U.S. Environmental Protection Agency, On-Road Vehicles and Engines: Alternative Fuel Conversion, available at 
http://www.epa.gov/otaq/consumer/fuels/altfuels/altfuels.htm#3.   
†ASTM International, Standard Specification for Ethanol Fuel Blends for Flexible-Fuel Automotive Spark-Ignition Engines, 
ASTM D5798-11, ASTM International, West Conshohocken, Pennsylvania, 2011. 
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The E10 market in the United States reached virtual saturation in 2010 with 13.2 billion gallons of 
ethanol produced and more than 90% of gasoline sold as E10. The E85 market has accounted for less than 
1% of the ethanol consumed each year for the past several years* while the remainder is exported or 
blended in U.S. gasoline at up to 10% ethanol. Currently there are some 8 million FFVs in the U.S. fleet, 
accounting for less than 4% of the light duty fleet. These vehicles consumed only 27 million gallons of 
E85 in 2010. Clearly, expansion of E85 use has the potential to increase ethanol consumption by several 
billion gallons per year, which would have a significant positive impact on EISA compliance. Original 
equipment manufacturers (OEMs) continue to produce a growing number of FFVs, reducing the FFV 
fleet size limitation. Conceptually, the size of the FFV fleet could be further increased through legal 
conversion of existing non-FFVs to flex-fuel operation. 

This report details an independent evaluation of a 2006 Dodge Charger with a 5.7 liter V8 engine before 
and after installation of a Flex Fuel U.S. conversion kit. The test vehicle was baseline tested with ethanol-
free certification gasoline (E0) and E20 (gasoline with 20 vol % ethanol), converted to flex-fuel operation 
via installation of a Flex Box Smart Kit from Flex Fuel U.S., and retested with E0, E20, E50, and E81. 
[E81 is a common “E85” blend that results from blending 15% gasoline with 85% denatured ethanol (the 
denaturant being ~5% gasoline or gasoline-range hydrocarbons).]  

The tailpipe emission certification testing requirements from the U.S. Environmental Protection Agency 
(EPA) for aftermarket conversion kits are less comprehensive than those for OEM FFV certification. For 
aftermarket conversion kits EPA only requires emissions testing on the conversion kit’s target fuel (e.g., 
E85) on the Federal Test Procedure (FTP, or city cycle) and the highway fuel economy test (HFET). Test 
cycles in this study included the FTP, the HFET, and the US06 aggressive driving test (part of the 
supplemental FTP). Fuels tested included E0 and E81, as well as ethanol blends E20 and E50 to evaluate 
the system performance on these mid-level ethanol blends. In addition to the emissions and fuel economy 
cycles, the modified CRC E-60 wide-open-throttle (WOT) protocol† was conducted to assess open-loop 
air : fuel ratio control. 

2. EXPERIMENTAL SETUP AND PROCEDURES  

2.1 FACILITIES 

Vehicle testing was performed at the Oak Ridge National Laboratory’s (ORNL’s) Fuels, Engines, and 
Emissions Research Center (FEERC), located at the National Transportation Research Center in 
Knoxville, Tennessee. The FEERC vehicle research laboratory is equipped with a Burke E. Porter 300 hp 
motor-in-the-middle, two-wheel drive, 48-inch, single roll AC motoring chassis dynamometer. The 
dynamometer meets the EPA specifications for large roll chassis dynamometers.  

The laboratory is further equipped with three dedicated emissions benches, each with conventional 
California Analytical Instruments exhaust gas analyzers. Two benches routinely measure raw undiluted 
emissions (e.g., engine-out and tailpipe emissions), and the third bench samples dilute exhaust from a 
constant volume sampling system (CVS, or dilution tunnel). The CVS is equipped with three critical flow 
venturis, allowing several discrete flow rates ranging from 200 to 1,050 CFM. The CVS bag sampler is 
equipped with conventional analyzers for CO, CO2, NOX (nitrogen oxide), and total hydrocarbons (THC) 

                                                      
*U.S. Energy Information Administration, Monthly Energy Review, DOE/EIA-0035(2011/07), July 27, 2011, available at 
http://www.eia.gov/FTPROOT/monthlyhistory.htm (last accessed December 2011). 
†Keith Knoll et al., Effects of Intermediate Ethanol Blends on Legacy Vehicles and Small Non-Road Engines, Report 1—
Updated, NREL/TP-540-43543/ORNL/TM-2008/117, February 2009, available at http://www.nrel.gov/docs/fy09osti/43543.pdf.  
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and can also accommodate more advanced emissions instrumentation for particulate matter, ethanol, 
aldehydes, and other measurements.  

The Innova photoacoustic multigas analyzer was used to measure dilute ethanol emissions in all tests, and 
silica-gel cartridges treated with di-nitrophenylhydrazine were used to trap formaldehyde and 
acetaldehyde. The cartridges were eluted with acetonitrile and the derivative analyzed with high-
performance liquid chromatography. Ethanol, formaldehyde, acetaldehyde, THC, and methane were used 
to estimate nonmethane organic gas (NMOG) emissions (described in Sect. 3.2). 

The laboratory temperature and humidity are regulated and measured. All continuous modal emissions 
data as well as additional sensors and vehicle controller network information can be acquired by an 
integrated data acquisition system. The laboratory has been cross-checked against independent 
certification laboratories, and results are in excellent agreement for fuel economy and vehicle emissions. 
All tests were conducted at a nominal 77°F ambient laboratory temperature. 

2.2 VEHICLE AND E85 CONVERSION KIT 

Flex Fuel U.S. obtained an EPA Certificate of Conformity for several Chrysler engine families, including 
the 5.7 liter V8 engine in the 2006 Dodge Charger,* which was the vehicle obtained for this study. The 
2006 Dodge Charger is equipped from the factory with a port fuel injected 5.7 liter V8 featuring the 
Multi-Displacement System (cylinder deactivation at some moderate to low loads) and a five speed 
automatic transmission. The vehicle had less than 30,000 odometer miles at the start of testing.  

Because E85 has about 29% less energy per unit volume than conventional gasoline, the flex-fuel 
conversion requires increased volumetric fuel delivery rates at increased ethanol levels to produce the 
same power. To deliver additional fuel, the Flex Box Smart Kit adds a ninth fuel injector in an adaptor 
mounted between the throttle body and the intake manifold. The conversion kit also includes a fuel 
composition sensor and an electronic control unit. The system’s control unit and the ninth injector are 
shown installed in the vehicle in Fig. 1. Kit installation also requires splicing wires at the OEM cam 
sensor and crank sensor to supply those signals to the Flex Box Smart Kit control unit. The OEM fuel line 
must also be modified to insert the fuel composition sensor and fuel feed for the auxiliary fuel injector. 
The system was installed in a few hours by an experienced automotive technician following the 
instructions provided by the conversion kit manufacturer.  

It is important to note that installation of aftermarket kits can result in transfer of warranty liability for 
certain components from the OEM to the converter manufacturer.† 

                                                      
*EPA Certificates of Conformity issued to Flex Fuel U.S., number: BFLXT05.4R17-002 and 5AFLXV04.6VG8 (certain 2005 
and 2006 model year Ford vehicles with 5.4 and 4.6 liter engines, BFLXV03.5MEO-001 and 2009-232T2-02 (certain 2006 and 
2007 model year Chrysler 3.5 and 5.7 liter engine vehicles), http://flexfuelus.com/, 
http://www.epa.gov/otaq/consumer/fuels/altfuels/altfuels.htm#3, http://iaspub.epa.gov/otaqpub/. 
†Federal Register, Vol. 76(68), Friday, April 8, 2011, “Clean Alternative Fuel Vehicle and Engine Conversions; Final Rule.” 
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Fig. 1. Flex Box Smart Kit controller installed (left); ninth fuel injector and injector housing mounted in the 

air intake (right).  

2.3 TEST PROTOCOL 

The Dodge Charger was emissions tested with several fuels over the FTP, HFET, and US06 driving 
cycles. In addition, the modified CRC E-60 WOT protocol was conducted to assess open-loop air : fuel 
ratio control.* Emissions tests were generally run in triplicate, although in a few cases additional tests 
were performed. Before the conversion kit was installed, testing was performed in the OEM condition on 
E0 and E20. After installing the E85 conversion system, the vehicle was tested again using the same E0 
and E20, as well as E50 and E81. The same E0 blendstock (Haltermann EEE Federal Certification 
gasoline) was splash-blended with ethanol meeting ASTM D4806 specifications† to create all test fuels. 
Southwest Research Institute analyzed all fuels for relevant properties, shown in Table 1. The test matrix 
is shown chronologically in Table 2.  

Table 1. Selected properties of gasoline and gasoline-ethanol test fuels 

Property (units) Test method 
Nominal fuel composition 

E0 Gasoline E20 E50 E81 
Carbon mass fraction (%) ASTM D5291 86.69  79.26  68.48  58.13  
Hydrogen mass fraction (%) ASTM D5291 13.31  13.39  13.43 13.37  
Oxygen mass fraction (%) ASTM D5599 <0.1 7.35 18.09 28.50 
Fuel density (g/ml)  ASTM D4052 0.7451 0.7528 0.7688 0.7844 
Ethanol (vol %)  ASTM D5599 <0.1 20.08 50.49 81.17 
Lower heating value (Btu/lb)  ASTM D240 18,592 17,010 14,793 12,625 
Lower heating value calculated 
(Btu/gallon)  

 115,500 106,900 94,900 82,600 

 

                                                      
*Keith Knoll et al., Effects of Intermediate Ethanol Blends on Legacy Vehicles and Small Non-Road Engines, Report 1—
Updated, NREL/TP-540-43543/ORNL/TM-2008/117, February 2009, available at http://www.nrel.gov/docs/fy09osti/43543.pdf. 
†ASTM International, Standard Specification for Denatured Fuel Ethanol for Blending with Gasolines for Use as Automotive 
Spark-Ignition Engine Fuel, ASTM D4806-11a, ASTM International, West Conshohocken, Pennsylvania, 2011. 
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Table 2. Experimental test matrix used for the Dodge Charger 
before and after conversion kit installation 

Vehicle condition, fuel Driving cycles (number of tests) 
OEM condition, E0 FTP(5), HFET(3), US06(5), WOT 
OEM condition, E20 FTP(3), HFET(3), US06(3), WOT 

Flex-fuel kit installation 
Kit installed, E0 FTP(3), HFET(3), US06(3), WOT 
Kit installed, E20 FTP(3), HFET(3), US06(3), WOT 
Kit installed, E50 FTP(3), HFET(3), US06(3), WOT 
Kit installed, E81 FTP(4), HFET(3), US06(3), WOTa 
Abbreviations: OEM = original equipment manufacturer, FTP = Federal Test 
Procedure, HFET = highway fuel economy test, US06 = aggressive driving 
test, and WOT = wide open throttle. 
aE81 WOT tests repeated after maintenance (see Sect. 3.4). 

 
After each change in fuel type, the vehicle was driven in a manner that was modeled after the procedure 
used in the DOE V1 study* (a double US06, an LA4†, and an LA92‡) to ensure the vehicle’s fuel control 
system had ample time to properly adapt to the new fuel (i.e., update the long-term fuel trim). For 
subsequent tests on the same fuel the “test as prep” protocol was used where the last test of the day was 
the prep for the next day’s cold start test. If more than 36 hours would pass before the next cold start, a 
single LA4 test was run as a preparatory cycle at least 12 hours before the cold start test. Figure 2 shows 
the vehicle under test in the FEERC laboratory. 

To facilitate fuel changes, the vehicle’s OEM fuel tank was bypassed and the test fuel was supplied from 
an external tank.  

 
Fig. 2. Dodge Charger under test in the FEERC vehicle 

laboratory. 

                                                      
*Keith Knoll et al., Effects of Intermediate Ethanol Blends on Legacy Vehicles and Small Non-Road Engines, Report 1—
Updated, NREL/TP-540-43543/ORNL/TM-2008/117, February 2009, available at http://www.nrel.gov/docs/fy09osti/43543.pdf.  
†The LA4, also known as the Urban Dynamometer Driving Schedule (UDDS) is a 1,372 second cycle that consists of the first 
two phases of the Federal Test Procedure. 
‡LA92 is also known as the unified cycle and involves higher speeds and accelerations than the Federal Test Procedure 
(http://www.arb.ca.gov/msei/onroad/briefs/Publication3.pdf).  
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3. RESULTS 

3.1 FUEL ECONOMY  

The fuel economy results for the FTP, HFET, and US06 tests are shown in Fig. 3. Columns show the 
average result, and the range bars show the maximum and minimum of multiple tests. Striped columns 
indicate baseline data (before conversion), and solid columns indicate data after conversion systems were 
installed.  

 
Fig. 3. Average fuel economy for test fuels over the FTP, HFET, and US06 drive cycles before and 

after conversion kit installation. Range bars show maximum and minimum test results. 

Fuel economy (miles per gallon) before and after installation of the conversion kit was comparable for 
any given fuel (E0 and E20). As expected, fuel economy with ethanol blends decreased with increasing 
ethanol content due to the lower energy density of ethanol. These results are consistent with previous 
ethanol studies.*† 

Some 8 million FFVs have been sold in the United States, and all models were emissions certified on 
Federal Certification Gasoline and on E85. City (FTP) and Highway (HFET) fuel economy have been 
determined for each fuel, and these data are available from EPA.‡ These data are the basis of the window 

                                                      
*Keith Knoll et al., Effects of Intermediate Ethanol Blends on Legacy Vehicles and Small Non-Road Engines, Report 1—
Updated, NREL/TP-540-43543/ORNL/TM-2008/117, February 2009, available at http://www.nrel.gov/docs/fy09osti/43543.pdf 
†Brian H. West et al., Intermediate Ethanol Blends Catalyst Durability Program, ORNL/TM-2011/234, February 2012, available 
at http://www.osti.gov/bridge/servlets/purl/1035578/1035578.pdf. 
‡U.S. Environmental Protection Agency, Test Car List Data Files, available at http://www.epa.gov/otaq/tcldata.htm.  
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sticker fuel economies for new vehicles and the annual Fuel Economy Guide.* Data shown in the Fuel 
Economy Guide are adjusted to reflect fuel economy closer to what consumers might expect and also 
rounded to an integer value; raw fuel economy values from the actual tests are often referred to as 
unadjusted results. Unadjusted data from model years 2000–2011 were collected from the EPA website to 
develop a fuel economy database for U.S.-legal FFVs.  

The fuel economy data records for all vehicles evaluated on ethanol (E85) were located and matched with 
corresponding fuel economy data for the same vehicles tested with federal certification gasoline. For 
model years 2000–2011, more than 600 city and highway fuel economy records for U.S. light duty FFVs 
were taken from the EPA database and are plotted in Figure 4. Reported E85 fuel economy is plotted 
versus certification (E0) gasoline fuel economy. The slopes of the regressions indicate the expected 25%–
30% loss in tank mileage due to the lower energy density of E85 compared to E0.  

The converted flex-fuel Charger data are also shown in Fig. 4 and exhibit the same 27% tank mileage loss 
with E85 when compared to E0. Note that in the field most gasoline is E10, which would narrow the fuel 
economy gap slightly. Also, because fuel for flex fuel vehicles can range from 51 to 83 vol % ethanol, 
actual mileage reductions will vary widely, being correspondingly higher with increasing ethanol 
concentration. 

 

 
Fig. 4. E85 fuel economy versus gasoline fuel economy for U.S.-

Legal FFVs. 

                                                      
*U.S. Department of Energy, Fuel Economy Guide, available at http://www.fueleconomy.gov/feg/printGuides.shtml.  
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3.2 EXHAUST EMISSIONS 

Emissions of NOX, CO, THC,* and methane were measured for each drive cycle test. Figures 5 and 6 
show the NOX and CO emissions. Columns in Figs. 5 and 6 show average emissions, and the range bars 
show the maximum and minimum of multiple tests.  

 
Fig. 5. Average NOX emissions for test fuels over the FTP, HFET, and US06 drive cycles before and after 

conversion kit installation. Range bars show maximum and minimum test results. 

Ethanol, formaldehyde, acetaldehyde, THC, and methane were used to estimate NMOG, as shown in 
Fig. 7. Only the FTP results are shown in Fig. 7; NMOG results for the hot start HFET and US06 cycles 
were on the order of 1 to 5 mg/mile, and most of the oxygenated species were virtually undetectable. The 
NMOG exhaust emissions on E0 and E20 were similar before and after installation of the conversion kit.  

                                                      
*THC (total hydrocarbons) is commonly used to indicate the flame ionization detector (FID) HC and is technically a misnomer 
because all HC cannot be accounted for by FID. NMOG emissions are estimated by first subtracting methane and known 
oxygenated species from the THC (FIDHC) measurement after accounting for known response factors of the various species; this 
result is the nonoxygenated nonmethane HC (NONMHC). NMOG is then calculated by adding the known oxygenated species 
mass measurements back to the NONMHC mass. This protocol is described in Effects of Intermediate Ethanol Blends on Legacy 
Vehicles and Small Non-Road Engines, Report 1—Updated, NREL/TP-540-43543/ORNL/TM-2008/117, February 2009, 
available at http://www.nrel.gov/docs/fy09osti/43543.pdf. 
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Fig. 6. Average CO emissions for test fuels over the FTP, HFET, and US06 drive cycles before and after 

conversion kit installation. Range bars show maximum and minimum test results. 

 
Fig. 7. Average FTP NMOG emissions with breakdown for 

nonoxygenated nonmethane hydrocarbons (NONMHC), ethanol 
(EtOH), formaldehyde (Form.) and acetaldehyde (Acet.).  
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Average results for all measured emissions on all tests, with one exception, were within the regulated 
EPA limits for this vehicle (Tier 2/Bin 5).* The average of the E20 fuel FTP NOX baseline results (before 
FFV conversion) was slightly above the Bin 5 intermediate life standard of 0.05 g/mile, as shown in 
Fig. 5. Note that E20 is not a legal fuel for the unaltered vehicle and that statistically significant increases 
in NOX with ethanol blends have been noted in previous studies with non-FFVs.†‡ It is also worth noting 
that all E0 and E20 NOX emissions ranged from 73% to 124% of the 0.05 g/mile standard, and certain 
individual tests exceeded the standard both before and after conversion (one E0 test before conversion, 
two E20 tests before conversion, and one E20 test after conversion). Test-to-test variability of this 
magnitude is not uncommon for Tier 2 vehicles.‡ 

Nitrogen oxide emissions decreased with increased ethanol fueling on the HFET and FTP tests, 
presumably due to lower combustion temperatures. Nitrogen oxide emissions on the US06 test varied 
widely but were relatively low considering the 4,000 mile NMHC+NOX limit of 0.14 g/mile and the 
extremely low NMHC emissions. Carbon monoxide emissions were quite low in all cases, being on the 
order of 15% to 25% of the intermediate life Tier 2/Bin 5 FTP standard of 3.4 g/mile and less than one-
tenth of the US06 standard of 8.0 g/mile. Emissions of NOX and NMOG were much closer to the EPA 
intermediate life limits for this vehicle on the FTP drive cycle, as shown in Figs. 5 and 7. 

3.3 WIDE-OPEN-THROTTLE STUDY 

The modified CRC E-60 WOT protocol was conducted at each of the conditions in Table 2. A speed trace 
for the WOT test is shown in Fig. 8. The purpose of the WOT test is to characterize enrichment during 
open-loop operation. In recent studies by the Coordinating Research Council (CRC) and the U.S. 
Department of Energy (DOE), §** vehicles that do not apply long-term fuel trim at WOT were found to 
have hotter exhaust and catalyst temperatures when fueled with ethanol blends; there is concern that 
higher catalyst temperatures can increase the deterioration rate of vehicle emissions over time from 
thermal damage to the catalyst and/or oxygen sensors.††   

 
Fig. 8. WOT test protocol. 

                                                      
*EPA emissions regulations, available at http://www.epa.gov/otaq/standards/light-duty/tier2stds.htm. 
† Knoll, Keith, Brian West, Shean Huff, John Thomas, John Orban, Cynthia Cooper, “Effects of Mid-Level Ethanol Blends on 
Conventional Vehicle Emissions,” Society of Automotive Engineers Paper 2009-01-2723, November 2009. 
‡Brian H. West et al., Intermediate Ethanol Blends Catalyst Durability Program, ORNL/TM-2011/234, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, February 2012. 
§CRC Report: E-87-1, Mid-Level Ethanol Blends Catalyst Durability Study Screening, June 2009. 
**ORNL/TM-2008/117, February 2009, available at http://www.nrel.gov/docs/fy09osti/43543.pdf 
††Technical Issues Associated with the Use of Intermediate Ethanol Blends (>E10) in the U.S. Legacy Fleet, ORNL/TM-2007/37, 
August 2007. 
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Fuel Effects on Catalyst Temperature 

Figure 9 shows catalyst temperature for E0 and E20 fuels for the OEM condition (before conversion kit 
installation). Consistent with other Chrysler vehicles tested in previous studies, it appears that the Charger 
does not apply learned fuel trim at WOT, as indicated by the higher catalyst temperature for the E20 fuel 
(which shows an average peak temperature increase of about 15°C). After the kit conversion, this 
temperature increase was less apparent, as seen in Figure 10. With E50 and E81 fuels there are still 
incidents of increased exhaust temperature compared to E0, but not consistently so, and peak 
temperatures are no hotter than the OEM condition with E20. These results indicate that the aftermarket 
kit is adding fuel to compensate for the lower energy density of ethanol during open-loop operation. 
 

Fig. 9. Catalyst temperature for E0 and E20 fuels during WOT testing in the OEM condition. 

 

Fig. 10. Catalyst temperature for each fuel during WOT testing after installation of FFV kit. The peak temperatures 
appear similar for each fuel. 

Acceleration performance 

The WOT testing also allowed examination of any changes in acceleration performance. Times were 
determined for accelerations from 20 to 80 mph. This interval was chosen to ensure that the vehicle was 
fully at WOT and to remove driver induced variability that might occur for a standing start type test. The 
acceleration times, shown in Fig. 11, indicate a small but measureable performance improvement with 
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increased fuel ethanol content. An improvement of about 0.5 seconds or 6% is seen for the E85 fuel 
versus the certification fuel (E0). Ethanol’s higher latent heat of vaporization improves volumetric 
efficiency, thus increasing power at the WOT condition. While an optimized FFV may advance ignition 
timing to take advantage of ethanol’s higher octane, thus improving power and efficiency,* the Dodge 
Charger conversion does not appear to adjust ignition timing. Spark timing records for WOT experiments 
indicate similar spark advance for all fuels. 
 

 
Fig. 11. WOT acceleration times from 20 mph to 80 mph for all fuels. Range bars show maximum and minimum 

test results. 

3.4 TESTING ISSUES 

The Dodge Charger OEM fuel tank is of the saddlebag design and has essentially two sumps and two fuel 
pumps. Flushing the factory tank is a time consuming process and wastes large volumes of fuel. To 
expedite the fuel change process, tests on the Charger were conducted with off-board fueling, as 
described above. Unfortunately, poor filtration with the off-board system led to fuel injector clogging that 
became apparent during the E85 tests [malfunction indicator light (MIL, or “check engine” light) 
illumination indicated a problem]. The fuel injectors were changed, improved filtration was installed, and 
emissions tests were repeated. Following emissions tests, the E85 WOT protocol was run. The MIL 
illuminated again during the WOT tests (same MIL code). The problem was again determined to be 
clogged fuel injectors. The test was repeated after changing fuel injectors. 

4. SUMMARY/CONCLUSIONS 

An aftermarket kit designed to convert a conventional gasoline 2006 Dodge Charger to flexible-fuel 
operation was evaluated in FTP, HFET, and US06 drive cycle tests at a nominal temperature of 77°F to 
assess fuel economy and short-term tailpipe emissions performance of the vehicle before and after FFV 
conversion. Baseline tests with E0 and E20 were conducted in the OEM condition, and tests after FFV 
conversion were conducted with E0, E20, E50, and E81 test fuels. The following results were obtained. 

                                                      
*B. H. West, et al., “Fuel Economy and Emissions of the Ethanol-Optimized Saab 9-5 BioPower,” Society of Automotive 
Engineers Paper 2007-01-3994, October 2007. 
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x Fuel economy decreased with increasing fuel ethanol content, as expected. The fuel economy 
decrease was commensurate with the energy density of the test fuels. 

x Carbon monoxide and NMOG emissions were largely unchanged with ethanol fueling, both before 
and after installation of the flex-fuel kit. 

x Average NOx emissions exceeded the Tier 2/Bin 5 intermediate life NOX standard with E20 fuel in 
the OEM condition due to two of three test results exceeding this standard [note that E20 is not a legal 
fuel for non-flexible-fuel vehicles (non-FFVs)].  In addition, one E0 test result before conversion and 
one E20 test result after conversion exceeded the NOX standard (although the average result in these 
two cases was below the standard). 

x Nitrogen oxide emissions appeared to decrease with E50 and E81 on the HFET and FTP tests (after 
installation of the flex-fuel kit), presumably due to the lower combustion temperatures associated 
with ethanol. 

x Emissions of ethanol and acetaldehyde increased with increased ethanol fueling in all cases. 

x Increased ethanol fueling resulted in a slight improvement in WOT acceleration, presumably due to 
charge cooling.  

Emissions conformity is only one area that must be addressed when dealing with aftermarket 
modifications to a vehicle, but it was the focus of this study. Other subject areas such as cold weather 
starting, durability, and materials compatibility with ethanol blends were not assessed. These results 
reflect the performance of a specific aftermarket flexible-fuel conversion kit installed on one 2006 model 
year Dodge Charger test vehicle equipped with a specific engine and drive train configuration. No 
conclusions can be drawn or inferred regarding the installation or performance of this or any other 
conversion kit installed on other vehicles equipped with similar or different engines and/or drivetrain 
configurations.  
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US Alternate Fuel Policy was trying to address a number of challenges: 

A fuel that could reduce US dependence on foreign oil 

Minimize greenhouse gas emissions 

A fuel where enough volume could be produced to make a significant impact 

A fuel where the supply chain could be modified at a low cost to deliver the volumes 

required 

Ethanol is the logical solution except there is no easy fix 

for converting gasoline burning vehicles 

 

Flex Fuel US is founded to address this issue 

Flex Fuel US was founded to address specific 

challenges 
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Flex Fuel US was founded in 2006 to create an EPA approved, high quality flex fuel 

conversion technology and have achieved a number of critical milestones 

including GSA approved supplier 

Flex Fuel US LLC 

Automotive background 

 Fuel injection & racing 

 Aftermarket & gray market conversions 

 Custom car builders 

 Emissions testing 

Fuel production and distribution 

 Petroleum refining and marketing  

Government and collaboration 

 Business consulting 

Founders/Partners  Founded in 2006 and first sale of shares 

 Utility Patent 7,349,790  awarded in 2008 

 First EPA certification awarded in 2008 

 Featured in Business Week as one of 

“America’s Most Promising Start-ups”  

 Four additional EPA certifications in 2010 

 100th vehicle converted in 2010 

 4 million total miles driven with conversion 

and on E85 

 Awarded GSA approved supplier 

 Converted Dodge Charger Hemi with over 

80,000 miles in E85 operation 

 Registered Defense Logistics Agency 

product 

 

Key Milestones 
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To retrofit a vehicle in the US so that 

the manufacturer warranty and 

emissions system remains in tack 

you must prove: 

 Meet new vehicle tail pipe emissions 

which requires passing a series of 

tests 

 Demonstrate that you have not 

interfered with any of the vehicles 

control systems 

 Prove that the technology and use of 

E85 doesn’t impact the durability of 

the vehicle 

Flex Fuel US does extensive 

testing to prove that our kits 

meet these criteria by: 

 Only sell kits that have gained EPA 

certification which provides: 

– By law guarantees the original 
manufacturer vehicle warranty 
remains in place 

– Ensures compliance with Federal 
law on emissions tampering 

 Independent engineering reviews to 

validate the kit meets all safety 

requirements (DOT Standards) 

 We provide an extended warranty for 

the fuel system 

Quality Assurance 

The technology has been robustly tested to create a high quality product and to meet 

government regulations 
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 Fuel injection engines need additional fuel when alcohol is introduced.  Gasoline powered 
vehicles are not calibrated to sense or add the needed fuel. 

 The conversion kit’s alcohol sensor determines the exact mix of alcohol in the fuel. 

 The conversion kit’s processor uses the fuel mix and shares information with the vehicle’s engine 
control unit to determine the exact amount of additional fuel needed: 

– Fuel mixture 

– Oxygen sensor 

– Engine speed 

– Acceleration & Deceleration 

– Temperature (accommodates very cold conditions) 

 Additional fuel is added through the kit’s injector in front of the throttle plate. 

– This is a standard technique used in racing 

– Fuel is atomized and ready to burn 

 The Processor monitors the fuel, the engine performance, and the exhaust to dynamically adjust 
the amount of fuel injected continuously. 

How the Technology Works 

To meet all of the requirements to achieve EPA certification and to maintain the original 

manufacturer warranty, a supplemental fuel injection system was required 
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The independent fuel management system provides sufficient control 

capability to enable these vehicles to pass stringent EPA testing 

Fuel Management System 

Engine speed 

Throttle position 

Ethanol content 

O2 sensors 

Air temperature 

Flex Fuel US 

Processor 
Injector Pulse 

 Engine speed, throttle value positions and O2 sensor signals are borrowed from OEM equipment 

 Ethanol content and air temperature is provided from sensors we add to the vehicle 

 The processor is a race proven proprietary hi-speed controller processing information at speeds up to 
fifty times faster than the factory control module. 

– Algorithm based strategy with configurable Load & RPM axes to enable optimization in desired 
operating range  

– True Speed-Density algorithm allows for easier tuning  

– Integrated dashboard logic provides real-time critical system and engine functions 

 All electrical connections run through a common harness equipped with OE style metra-pack 
connectors. The harness is a universal application and can be adapted to fit most any application. 
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Supplemental fuel is added after the throttle body 

Supplemental Injection System 
Throttle body style fuel 

injection utilizes high 

performance Bosch 65lb. 

Injector: 
• Universal style can be 

adapted to most engine 

configurations 

• Injector modified and 

custom machined to our 

specification 

• Low impedance quick 

response peak & hold 

design 

• Improved drivability at idle 

and low speed operation 

Precision machined injector plate 

application specific. 
• Injector plate machined to produce 

optimal air/fuel atomization. 

• Throttle bore matched for 

maximum air flow 

Factory fuel line 

F
a
c
to

ry
 f

u
e
l 
ra

il 

Air intake 

Throttle 

Body 

Valve 

Intake 

manifold 

Legend 

Factory equipment 

Provided by Flex Fuel US 
 

Fuel lines are equipped 

with OE style quick-

disconnect fittings 
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Converted Vehicle Performance 

Our technology coupled with the characteristics of E85 provides improved 

performance for the converted vehicles versus gasoline operation 

When a converted vehicle is operating with E85 fuel, several performance 

improvements have been noted in literature and in our testing: 

Increased horsepower and torque by 8 to 12% because: 

 

• E85 has 105 octane and late model electronic spark 

controlled vehicles can take advantage of improved 

spark timing   

• The placement of the supplemental fuel also lowers 

pumping losses by cooling the air intake 

Cleaner Combustion zone with less carbon build-up and 

improved oil life because: 
 

• Low carbon content 

• Lower combustion temperature 
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from higher octane and air 

inlet cooling - OEM’s claim 
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3% 

E85 Fuel Economy Fallacy 

While the use of E85 reduces fuel economy, our experience has been much better than the 

theoretical BTU reduction 

DOE basis for E85 

fuel economy loss 

E0 to E85 BTU 

difference 

Actual experience 

from 100+ 

conversions 

This material was presented at 

DOE and EPA review.  

Conclusion from the meeting 

was the 18% fuel economy 

loss was “possible” 
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Environmental Benefits 

Technology GHG 

Reduction 

Replacement 

Costs   

Conversion 

Costs 

Conversion Replacement 

$/lb of CO2 

Reduction 

$/lb of CO2 

Reduction 

Ethanol 

(E85) 

Corn 22% NA  $1,500 0.35 

Sugar Cane 58% 0.13 

Cellulosic 85% 0.08 

CNG 10% NA $9,000 4.80 

LPG 20% NA $6,000 1.55 

New FFV 22% $20,000 NA Base case 

Hybrids 23% $27,000 NA 1.79 

Electric 47% $30,000 - 

$47,000 

NA 2.74 

Key Assumptions: 
• Comparable vehicles for each technology; same fuel efficiency 
• Miles driven per year is 10,000 and average fuel economy is 10 mpg 
• GHG based DOE and Argonne National Lab published data 
• Replacement costs based on incremental cost vs new FFV 

Flex fuel conversions are the most cost effective method for reducing a fleet’s 

GHG emissions today and improves significantly when cellulosic ethanol 

production increases  
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E85 Price Environment 
Background – Historical Ethanol Spreads 

Chicago Rack Prices E85 Price Discount 

Gasoline Rack Price 

Blended E85 Rack Price 

The price differential of E85 versus gasoline has maintained a healthy spread over the last 

3 years, averaging 72 cpg 

Notes: 

1. Historical pricing trends based on RBOB from Platts Chicago pipeline and 

ethanol on Chicago OPIS spot 

2. Gasoline pricing includes 10% ethanol in the blend and E85 pricing 

assumes a blend of 15% RBOB 

3. Ethanol pricing used in the blends takes credit for the Federal blender 

credit and Illinois sale tax exemption when applicable 

Notes: 

1. E85 price discount is the difference between regular 

gasoline and E85 
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Breakeven Economics Analysis;  
Payback period in months for various of miles driven, fuel economy and 
State of Illinois rebate.  Shaded green payback in less than 2 years.  

Key Assumption: Based on actual performance and 3 year average 
 
 Reduction in fuel efficiency with E85: 18% 
 Price spread of 72 cents between regular gasoline and E85 
 Installed price of the kit is $975 
 State of Illinois rebate is 80% of installed price 
 Fuel savings based on 50% city, 50% highway  

Miles Driven 

per year 

15 MPG 19 MPG 

Avg. Fuel 

Savings 

per year With Rebate 

Without 

Rebate 

With 

Rebate 

Without 

Rebate 

15,000 14 months 70 18 90 $148 

30,000 7 months 35 9 45 $296 

45,000 5 months 24 6 30 $445 

Payback Period 

The conversion system has a short payback period under a range of 

scenarios 
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Contact information 

 Don Althoff, CEO 

 Chris Disher, Co- founder & Chief Financial Officer 

 Mitch Sremac, Co-founder & Chief Operating Officer 

 

Flex Fuel U.S. LLC 

858 W Armitage 

Chicago, IL 60068 

(773) 360-17780 

 

– DAlthoff@FlexFuelUS.com 

– CDisher@FlexFuelUS.com 

– www.flexfuelus.com 

 

    

www.FlexFuelUS.com 

mailto:DAlthoff@FlexFuelUS.com
mailto:CDisher@FlexFuelUS.com
http://www.flexfuelus.com/
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