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Abstract
The Environmental Protection Agency implements the Renewable Fuel Standard through annual blending
mandates for different categories of biofuels. In its proposed rule released for the 2014, 2015 and 2016
calendar years, EPA reduced mandates because the volume of ethanol that consumers can easily use is
lower than the original mandates specified in the Renewable Fuels Standard. This study estimates the
demand for E85 using a new dataset that allows direct inference about the demand from the data. We
report on how owners of flex vehicles in two metropolitan areas responded to changes in the price of E85.
Using our new estimates of consumer demand, we find that owners of current flex vehicles in all US metro
areas would consume 285 million gallons of E85 if it was priced at parity on a cost-per-mile basis with E10,
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1. Introduction

The U.S. Renewable Fuel Standard (RFS) requires the Environmental Protection Agency (EPA) to specify
annual blending mandates for different categories of biofuels. EPA issues overall mandates for
renewable fuel and advanced biofuels as well as specific mandates for cellulosic biofuel and biomass-
based diesel. The difference between the renewable fuel mandate and the advanced biofuel mandate
can be met with corn ethanol so it is commonly known as the corn ethanol mandate, although it can be
met with any qualifying biofuel. The 2016 corn ethanol mandate is 14.5 billion gallons. EPA has proposed
to increase this mandate to 14.8 billion gallons in 2017. The US Energy Information Agency (EIA)
currently estimates that US consumption of motor gasoline will be approximately 143 billion gallons in
both n 2016 and 2017 (EIA 2016). EIA estimates that 99% of wU.S. gasoline contains 10% ethanol (E10),
which implies that 14.2 billion gallons of ethanol will be consumed in E10. Simple arithmetic
demonstrates that if the corn ethanol mandate is going to be met with ethanol, then 400 and 600
million gallons of ethanol must be consumed in blends containing more than 10% ethanol in 2016 and
2017 respectively.

The two approved U.S. blends that contain more than 10% ethanol are E15 and E85. The
number of stations that sell E15 is currently quite small, whereas about 2,800 stations currently sell E85.
Thus, sales of E85 must be high enough to meet the corn ethanol mandate in 2016 and 2017. EPA
(2015a) was explicit about their expectation writing in its 2015 proposed rule about E85: “Thus we
believe it is possible for the market to reach volumes perhaps as high as 600 million gallons under
favorable pricing conditions” (p. 33, 127). If the 2016 and proposed 2017 mandates are to be met with a

combination of E10 and E85, then between 400 and 800 million gallons of E85 must be consumed.?

! Throughout this paper, we fix the ethanol content of E85 at 75%, although it can contain anywhere from 51% to
83% ethanol.



Only motorists who drive flex fuel vehicles (FFVs) should fuel their car with E85. Cost-minimizing
drivers with easy access to E85 should choose E85 when the cost per mile of driving with it is lower than
with E10. Accounting for the lower energy content of ethanol, this occurs when the pump price of E85 is
22% lower than E10.

The RFS compliance mechanism uses Renewable Identification Numbers (RINs) in a tradable
permit program to lower the price of biofuels enough to induce mandated consumption levels. Pouliot
and Babcock (2016) explain in detail how the ethanol RIN market works for conventional ethanol. A RIN
is generated with every gallon of ethanol produced. After the gallon is blended with gasoline, its RIN is
detached and sold (or simply transferred in the case of vertically integrated blenders) to refineries to
show compliance with mandates. The market price of RINs is endogenous to the mandated volume: the
more difficult it is to consume a given volume of ethanol, the higher the price of RINs.

The RIN price is effectively a tax on wholesale gasoline that subsidizes wholesale ethanol,
thus the RIN price reflects the marginal compliance cost of the RFS. The wholesale price of ethanol is
typically quoted inclusive of the RIN. Thus, in a competitive market, a higher RIN price means a lower
net cost of ethanol going into retail fuel but a higher cost for gasoline going into retail fuel thereby
decreasing the cost of producing E85 relative to E10 (Whistance, Thompson and Westoff 2014).

To better explain why a high RIN price can make E85 attractively priced, suppose that the
wholesale price of ethanol at a blending station is $1.40 per gallon and the RIN price is $0.65 per
gallon. The blender pays $1.40 for the ethanol and the attached RIN. To break even on the
transaction, the blender can sell the RIN for S0.65 and price the ethanol in the blended fuel at $0.75
per gallon. If the gasoline in the blended fuel costs $1.35, the blender can create E85 (75% ethanol
and 25% gasoline) at a break-even cost of $0.90 per gallon, and E10 at a break-even cost of $1.29.
Assuming a $0.75 per gallon retail-to-wholesale markup including federal and state gasoline taxes

(Pouliot and Babcock 2014), the retail price of E10 is $2.04 per gallon and the retail price of E85 is



$1.65 per gallon, resulting in a 19% discount on the price of E10. If the RIN price increases to $0.85
per gallon because of an increase in the ethanol mandate and everything else remains constant, then
the break-even price of E85 at retail is $1.50 per gallon and the price of E10 at retail is $2.02 per
gallon, making the price of E85 26% lower.2 Thus, a higher RIN price makes it possible to price E85 at
levels that are attractive to consumers.

The most important factor determining the level of compliance costs associated with a given
level of the ethanol mandate is the RIN price required to lower the relative price of E85 enough to
induce consumers to buy enough of it to meet the mandate. EPA has found it difficult to set mandate
levels that balance consideration of compliance costs with meeting the ethanol blending targets of the
RFS. The gap between the renewable fuel mandate and the advanced biofuel mandate in the RFS
legislation was scheduled to rise to its maximum level of 15 billion gallons in 2015, which would have
required consumption of 1.47 billion gallons of E85 to meet.® EPA decreased mandates in 2014, 2015
and 2016 because it determined that consumers would not buy enough E85 to achieve a 15-billion-
gallon mandate even if RIN prices increase enough to drive the blender cost of ethanol to zero. The
reason why EPA made this determination was a combination of too few retail outlets that sold E85 and
too few FFVs in areas that did sell the fuel.

Because the demand for E85 is key to determining the cost and feasibility of meeting
blending targets, much effort has been targeted at its estimation. Models of consumer switching
behavior between E85 and E10 include work by Anderson (2012), Liu and Greene (2014), de Gorter

and Drabik (2015) and Pouliot and Babcock (2016). Drabik, et al. (2015) use Brazilian data and a

2The increase in the price of RIN would cause a slight increase in the price of gasoline because the RIN is
effectively a tax on gasoline. With an increase in the price of RIN of $0.20 per gallon and an ethanol blending
mandate of 10%, the price of gasoline increases by $0.02 per gallon. We ignore this small increase in these
calculations.

3 Gasoline consumption in 2015 was 140.7 billion gallons, which implies consumption of ethanol in E10 was 13.9
billion gallons (140.7*%0.99*0.10), thereby requiring 1.1 billion gallons of ethanol or 1.47 billion gallons of E85.



logistic curve to model fuel switching decisions. de Gorter and Drabik (2015) adopt a similar approach
to modeling the choice of E85 versus E10 in the United States. The parameters of the logistic function
are calibrated using previous E85 demand points from the literature. Pouliot and Babcock (2014)
derive a demand function for E85 in the United States that captures the distribution of preferences
over E10 versus E85 as well as the cost associated with finding the nearest gas station selling E85.
One weakness of their approach was that they calibrated the distribution of preferences of U.S.
consumers for E85 relative to E10 using estimates from Brazil. Pouliot and Babcock (2014) estimate
that 800 million gallons of ethanol could be consumed nationwide as E85 with a cap of around one
billion gallons as the blender cost of ethanol approaches zero.

Our contribution here is to use a unique dataset to provide improved estimates of FFV
owners’ willingness to buy E85, and to use the willingness-to-pay estimates to obtain more accurate
estimates of the tradeoff between ethanol consumption levels and marginal compliance costs. Given
the focus on ethanol in meeting RFS blending mandates, we focus on compliance with the RFS
mandate from an increase in the consumption of ethanol that is endogenously brought by an
increase in the price of RINs for conventional ethanol. Our results provide more relevant estimates of
the tradeoff between mandate levels and marginal compliance costs than provided by Pouliot and
Babcock (2014), because they are based on daily retail prices and fuel sales obtained from the owner
of a major U.S. chain of retail gasoline outlets. The data cover all sales from that fuel retailer between
2011 and 2014. During this period the price of E85 relative to E10 has varied dramatically, allowing us
to trace out how consumption of E85 varies with its price. Here we report on how owners of FFVs in
two metropolitan areas responded to changes in the price of E85. Perhaps uniquely, this chain’s

aggregate market share in the metro area was much greater than 90%, thus allowing us to estimate



the proportion of owners of FFVs in the area who chose to switch from E10 to E85 at various prices.*
Extrapolating these new direct estimates of consumer demand to all metro areas, we
calculate that current owners of flex vehicles in all US metro areas would consume 285 million gallons
of E&5 if it is priced at parity on a cost per mile basis with E10, and 1 billion gallons of E85 if it is priced
to save drivers 20% on a cost per mile basis. These estimates assume that no new E85 stations are
installed. If 5,000 new stations are installed, then between 675 million and 1.2 billion gallons of E85
would be consumed in E85 in US metro areas if E85 were priced at parity with E10. The consumption
level depends on whether the new fuel stations are strategically located. We provide consumption
estimates if fewer than 5,000 stations actually get installed. These estimates understate total US E85

consumption because consumption in non-metro areas is not included.

2. Model of the demand for E85

The demand for E85 depends on three factors: 1) infrastructure to dispense E85; 2) the size of the FFV
fleet; and 3) motorists’ willingness to pay for E85 relative to E10. Below we describe each of these
factors and how they affect the total consumption of E85. We then show how these factors can be
combined into a single equation as in Pouliot and Babcock (2014) to model the aggregate demand for

E85 and discuss the limitations of inference based on such a calibrated equation.

2.1. E85 fuel stations
A limited number of fuel stations offer E85. The 2013 County Business Patterns annual series reports
that there are about 112,500 fuel stations in the United States (US Census Bureau, 2015). Out of those,

about 2,800 public fuel stations offer E85 (Alternative Fuels Data Center 2016). The scarcity of fuel

4To obtain access to the data we needed to signh a non-disclosure agreement whereby we agreed not to identify
the company that generated the data. We cannot identify the two metro areas because if we did, then that would
reveal the identity of the retailer.



stations carrying E85 is a major obstacle for the expansion of the consumption of ethanol through E85.
Several states (mainly in the Midwest) have provided financial incentives for the installation of E85
pumps. More recently, USDA announced that 21 states will receive funds for the installation of 5,000
pumps offering higher blends of ethanol (USDA 2015).

Data from Alternative Fuels Data Center (2016) show that the largest concentration of E85
pumps is in the Corn Belt where most of the ethanol is produced but where population density is
relatively low. Many large population centers are served by just a few E85 pumps. The limited
distribution of E85 is a significant constraint in the expansion of E85 consumption as most motorists do

not have access to an E85 pump on their regular commute (Pouliot and Babcock 2014).

2.2. Flex fuel vehicles fleet
Most cars in the United States were designed to run on fuel blends that contain no more than 10%
ethanol. FFVs can run on any gasoline-ethanol blend. In the early years of the RFS, government fleets
adopted FFVs to provide an incentive for the installation of E85 pumps (Corts 2010). Car makers have
incentives to sell FFVs because they receive additional fuel efficiency credits to help them meet the
Corporate Average Fuel Economy (CAFE) standards (Anderson and Sallee 2011).

Potential regional demand for E85 is determined by the number of FFVs owned in the region.
Pouliot and Babcock (2014), with a dataset that details the location of FFVs in the United States, find
that there were about 14.6 million registered FFVs in the United States at the beginning of 2013. We
purchased data from Hedges and Company that report ownership of FFVs by US zip code for the entire
United States as of January 1, 2015. This is an update on the data in Pouliot and Babcock (2014). This
dataset shows that 18 million FFVs were registered in the United States. Pouliot and Babcock (2014)
observe that increasing the number of FFVs has a small impact on the consumption of E85 because the

number of fuel stations offering E85 is a much more important consumption constraint.



2.3. Relative price of E10 and E85

For a flex motorist with easy access to an E85 pump, an important factor that will determine whether to
consume ES85 is its price relative to E10. Ethanol contains about 2/3rds of the energy content of gasoline.
This means that E85 with 75% ethanol has about 22% less energy than E10. Motorists may discount E85
relative to E10 even more than 22% because the lower energy content means more frequent fueling.
Some motorists might be willing to pay a premium for E85 because they believe it is better for the
environment or because they wish to support farmers. Therefore, there is a distribution of willingness to
pay for E85 relative to E10 that should be centered near the price ratio where the cost-per-mile driven is
about equal between the two fuels.

Using consumption data for Minnesota, Anderson (2012) finds that a $0.10/gal increase in E85’s
price relative to E10 leads to a 12%—16% decrease in the consumption of E85. However, Anderson
(2012) is not able to estimate a full distribution of willingness to pay for E85 because in his data E85 was
priced at a premium over E10. It was not until 2013 that a significant discount for E85 was observed.
Petrolia et al. 2010 and Aguilar et al. (2015) overcome the problem with limited observation of a
discount on E85 by respectively using contingent valuation and a discrete choice experiment. Both
studies provide evidence that a significant share of motorists are willing to pay a premium for E85.
Neither study however uses actual transaction data to make their estimates.

The green line in Figure 1 shows the ratio of a calculated wholesale price of E85 to a calculated
wholesale price of E10 based on observed futures prices for gasoline and ethanol and on the price of
RINs. From March of 2013 to the end of data plotted, the RIN-adjusted price of E85 was usually low
enough to make the cost per mile of running an FFV on E85 lower than on E10. But this “theoretical”
wholesale price of E85 will not reflect the actual price that consumers pay unless there is sufficient

competition between oil companies, between gasoline blenders, and between retailers to ensure that



RIN prices are fully reflected in the price that consumers pay at the pump. Empirically, Knittel,
Meiselman, and Stock (2015) find that the one-day pass-through of the change in RIN price on a change
in the wholesale price of ethanol is roughly 50% to 75% but the long-run pass-through is 100%.
However, Knittel, Meiselman, and Stock (2015) estimate that the pass-through of the RIN price on the
E10-E85 spread at the retail level is zero. The imperfect RIN pass-through at the retail level is another

obstacle in the expansion of E85 sales.

2.4. Aggregate demand for E85
Similar to Pouliot and Babcock (2014), we can write the total demand for E85 as

0=, [ aclre) 1= 20 ey »

where N is total number of FFVs, pgs is the price of E85, p,, is the price of E10, gy is consumption

of E85 as a function of the price of E85, H is the cumulative distribution of willingness to pay for E85

versus E10, and g is the marginal distribution of the distance between flex motorists and an E85 pump.

The total price paid for E85 by a flex motorist is the sum of the retail E85 price and the driving
cost to access an E85 pump. Thus, the total price paid by consumers for E85 is an increasing function of
the distance to drive to access an E85 pump, which is scarcely distributed compared to widely available

E10 for which driving cost is normalized to zero. The marginal distribution function g describes the
distance that motorists must drive to access E85 pumps. Integrating over all distances between 0 and

d

which can be as much as a few hundred miles, covers all flex motorists. An increase in the number

max ’/

of stations offering E85 modifies the distribution function g such that the new distribution function g,

stochastically dominates the old distribution function g, .



A motorist who must drive a distance d to access an E85 pumps makes the decision to either

purchase E85 at a total price pgs (d) or E10 at a price p,, . In aggregate, the willingness to pay for E85

versus E10 is summarized by the distribution function H , which is a function of willingness to pay for

d
E85. Thus, 1- H [p”—()] is the share of motorists who purchase E85 given a distance d . The
Do

quantity demanded of E85 by a motorist is a decreasing function of the price of E85. Multiplying the
consumption by a motorist and the propensity of fuel with E85 yields the expected consumption for a
motorist who has to drive a distance d to access E85. Integrating over the range of distances yields the
expected E85 consumption per flex motorist. Then multiplying by the number of FFVs yields the total
consumption of E85 in equation (1).

Equation (1) shows how the three factors discussed above combine to determine the demand
for E85. Pouliot and Babcock (2014) calibrate an equation similar to the demand in (1) to derive the total
demand for E85. They rely on estimates from the literature to calibrate the distribution function for the
willingness to pay for E85 and make educated guesses regarding the cost of access to E85 pumps. Below,
we use a new dataset that allows us to estimate together the propensity to purchase E85 and the driving
cost to access an E85 pump. Thus, we can measure the proportion of flex motorists who purchase E85

given observed E85 and E10 prices without relying on assumptions on the cost of accessing an E85

pump.

3. Methodology
We obtained access to proprietary data from a fuel retailer that sold E85 mostly in the Midwest. We use
sales data between January 2011 and December 2014 for two metro areas where the fuel retailer

essentially has a monopoly in the sale of E85. Furthermore, the retailer charged a uniform price for E85



at all the stations within the metro area. Thus, we have weekly data that shows the response of virtually
all drivers of FFVs in two metro areas to a range of relative prices for E10 and E85.

The discussion in the previous section shows that the variables that explain the consumption of
E85 are the number of FFVs, the distance to an E85 pump, and the prices of E85 and E10. Our approach

is to model the E85 consumption share among flex motorists as a function of an intercept, the E85-E10
price ratio (pSS/plo) , the number of E85 fuel stations per square mile, and a dummy variable for the
second metro area:

Sgsi = by +b, (price ratio)n, +b, (station per square mile)n, +b, (metro area 2)n, +tu,, (2)
where I denotes time and I identifies the metropolitan area. The variables for consumption share, the
price ratio, and the number of stations per square mile will be measured either in level or in log
depending on the regression model.

If the price ratio is low, not only flex motorists who are regular consumers at a fuel station
offering E85 will switch to EB5—other flex motorists might go out of their way to fuel with E85. The
number of E85 stations per square mile captures the ease of access to E85. The greater the number of
E85 fuel stations per square mile, the easier the access to E85, such that we expect an increase in the
consumption share with the number of fuel stations per square mile. Together, the coefficients for the
price ratio and the number of stations per square mile summarize the average motorists’ preference for
E85 and the average cost of access to an E85 pump among flex motorists in a metro area. We include a
dummy variable for metro area 2 to test whether there is something specifically different between
metro areas 1 and 2 other than the price ratio and the number of stations per square mile that explains
preferences or access costs.

The triangles and dots in Figure 1 show the average weekly price ratio of E85 to the price of E10

for the two regions. The large variation in the price ratio at the pump during this time is what is needed

to estimate how owners of FFVs respond to E85 price changes. Observe that that the price of E85 in

10



metro area 2 has been much less favorable to the consumption of E85. This reflects regional differences
in the ability of the retailer to access low-cost E85. Except for a few weeks in 2014, the retail prices for
E85 have been higher than the theoretical wholesale price calculated based on futures price data.

Because the retailer has a monopoly in the sale of E85 in the two metro areas, the data provide
us with the total consumption of E85 by flex motorists in the two metro areas.> However, consumption
of E10 by flex motorists is not observable. To calculate flex motorists’ E10 consumption, we take the
number of FFVs multiplied by their expected consumption given the observed price for E10. We find
how many FFVs are driven in our two metro areas by identifying all the zip codes in the metro areas and
then adding up all the FFVs in each of the zip codes. We use the number of FFVs per zip code for January
2013 from Pouliot and Babcock (2014) and our new dataset with the same data for January 2015. We
extrapolate linearly between the two observations to find the number of FFVs per zip code for every
week between January 2011 and December 2014. Of course, some of these FFVs will fill up outside the
metro area and FFVs from outside the area will fill up inside the metro area. We have no data that
allows us to control for these movements so we simply assume that they cancel each other out.

The next step is to estimate the expected consumption of E10 by individual flex motorists. FFVs
are generally light trucks and larger SUVs because car manufacturers could benefit from the US
Corporate Average Fuel Economy (CAFE) standards for producing FFVs and these credits were more
valuable on larger vehicles (Anderson and Sallee 2011). Alternative Fuels Data Center (2015b) shows
that, on average, light trucks consume 683 gallons of gasoline (EQ) per year. This is equivalent to an E10
consumption of 707 gallons or an average weekly consumption of 13.59 gallons. With an average
gasoline price of $2.43/gal for 2015 (EAI 2015a), and assuming a demand elasticity of -0.25 (Lin and

Prince 2013), we calibrate the weekly consumption of E10 by a flex motorist who fuels with E10 as

5 There is one other station in metro area 1 that sells E85. However, that station is small and sells limited volumes
of E85. We believe that ignoring that station is inconsequential to our results.
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q, = 16.9617;0‘25 where q, is the quantity of E10 and P, is the price of E10. By dividing q, by 0.776,

the relative energy content of E85 compared to E10, we can find the quantity of E85 that yields the
same number of miles as the quantity of E10 that would be consumed by the FFVs given the observed
price for E10. With the demand for E10, we can then estimate market penetration by dividing the
observed level of E85 consumption by the predicted total gasoline consumption by flex motorists
measured in E85 energy equivalent volume.

Figure 2 shows the calculated weekly E85 consumption share between 2011 and 2014. The
effect of lower prices on E85 consumption is apparent in the data but appears different in metro areas 1
and 2. In metro area 1, for each 5 percentage point drop in the relative price of E85, market penetration
increases by approximately 2.5%. When the relative price drops below parity, however, the
consumption share appears to become more responsive to relative price. A greater response makes
sense because once E85 is priced low enough to save drivers money, E85 will catch the attention of
owners of FFVs who might not normally consider filling up with E85. In metro area 2, the price ratios
observed are all above cost-per-mile parity. However, it is still apparent that lower E85 prices cause an
increase in the consumption share of E85. The number of fuel stations offering E85 in metro area 2 is
lower than in metro area 1, explaining the lower consumption share. Anincrease in the number of fuel
stations offering E85 in metro area 2 explains why there are two distinct consumption shares for a price
ratio of 0.8. The increase in the number of E85 pumps lowered the cost of accessing E85 and thus
increased consumption of E85.

Our data on fuel sales contain the location of E85 fuels stations. We identified the zip codes that
define the two metro areas. Using data from US Census Bureau (2014) for the land area per zip code, we
calculate the concentration of E85 fuels station per square mile for the two metro areas. In metro area

1, the number of E85 stations per square mile went from 0.038 in January 2011 to 0.063 in December
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2014. In metro area 2, the number of E85 fuel stations per square mile between January 2011 and
December 2014 increased from 0.006 to 0.022.

Unit roots tests show evidence that the variables of the model have unit roots.® Given the unit
roots, we will look for cointegration as indicated by stationary regression residuals. We use the Phillips-
Ouliaris test under the null-hypothesis that the variables of the model are not cointegrated. With the
rejection of a unit-root in the residuals we conclude the existence of cointegration. Table 1 summarizes
the regression outcomes for six specifications. Models 1 and 2 are linear in logs. Models 3 and 4 have log
dependent variables while explanatory variables are in levels. Models 5 and 6 are linear in levels.
Models 2, 4, and 6 remove the dummy variable for metro area 2. Using the Phillips-Ouliaris tests, only in
models 1 and 2 can we conclude that the variables are cointegrated. For the other models, the test p-
value is larger than 0.15 so we cannot reject that the variables of the models are not cointegrated. Our
discussion will therefore focus on models 1 and 2.

Models 1 and 2 fit the data quite well with adjusted-R squares of 0.90. The coefficient for the
price ratio is negative, as expected. An increase of 1% in the price ratio decreases consumption share by
5.6%. The coefficient for the number of fuel stations per square mile is positive as expected with a 1%
increase in the number of fuel stations per square mile increasing consumption share by 1%. This means
that newly installed E85 fuel stations tap into a pool of motorists who otherwise would not fuel with
E85, and that these motorists have the same attitude toward E85 as those who were already served by
an E85 fuel station. The estimated coefficient on the dummy variable for metro area 2 is small and is
most likely not statistically significant in model 1. Because the variables are cointegrated, we cannot
make statistical inference using a t-statistic. But the standard error being 16 times larger than the value

of the estimated coefficient for the dummy for metro area 2 provides evidence that there is no variable

6 A table of results for these tests is available from the authors by request.
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other than the price ratio and the concentration of E85 pumps per square mile explains the difference in
consumption share in metro areas 1 and 2.

The bottom of Table 1 shows predicted market shares for price ratios of 0.85, 0.776, 0.70, and
0.60. The shares are predicted given data observed at the end of 2014 for metro area 1. At a price ratio
of 0.776, the cost per mile of E85 equals the cost per mile of E10 and models 1 and 2 predict
consumption share of E85 around 12%. This does not mean that only 12% of motorists are willing to pay
at least the parity price for E85. The predicted market share encompasses both the willingness to pay
and the cost to access E85. For lower price ratios of 0.70 and 0.65, models 1 and 2 generate large
increases in market shares. This reflects that the distribution of preference for E85 relative to E10 is such
that a large number of motorists switch fuel when the price of E85 is discounted relative to the price of
E10. At a price ratio of 0.65, models 1 and 2 predict a consumption share of 0.32.

Comparing the predicted consumption shares to the consumption shares plotted in Figure 2, it
seems that the log-log models predict consumption shares that are in line with those empirically
observed. At a price ratio of 0.65, the cost per mile of driving with E85 is about 17% less than with E10.
With this magnitude of cost savings, it seems that a consumption share is likely greater than the 15%
maximum consumption share projected from models 5 and 6. In appearance, the projected
consumption shares in metro area 1 of more than 21% in models 1 and 2 for a price ratio 0.70 seem too
large compared to the data points in Figure 2. However, most of the observations in Figure 2 for low
price ratios were before the number of fuel stations offering E85 reached its maximum. Given that the
number of E85 fuel stations is at its maximum at the end of 2014, a 21% consumption share is realistic
for a 0.70 price ratio.

4. Extrapolation of Results to the National Level

14



To extrapolate our findings from our two metropolitan areas, we identified all metropolitan statistical
areas in the United States as defined by the Census Bureau.” The rationale for choosing these metro
areas is that our empirical estimates are for relatively densely populated areas and therefore it is more
justified to extrapolate consumption in metro areas where population density is similar to our sample.
Travel distance and access to fuel stations is likely similar among urban areas so we expect motorists
across urban areas to behave consistently. This assumption is important because the regression
estimates in Table 2 are affected by the distance traveled to access E85. Figure 3 shows a map of the zip
codes selected. It includes major US cities and suburbs. Because the Census Bureau defines metro areas
by counties, there are some metro areas that cover very large areas with low density population, in
particular in Arizona. An alternative to the metropolitan areas defined by the Census Bureau would be
to use zip code areas where the population density is similar to our two metro areas. This alternative
approach yields similar results. The densely populated areas are those with the most E85 fuel stations
and with the greatest concentration of FFVs. In the selected metropolitan areas there are a total of 9.6
million FFVs and a total of 1,528 publically accessible fuel stations offering E85.

We can derive the demand for E85 in metro areas using the regression outputs presented in
Table 1. We project the consumption in each metropolitan area based on regression model 2 because it
is not conditioned on the metropolitan area and it is a cointegration relationship. We calculate the total
consumption by multiplying the predicted consumption share in each metropolitan area by 910 gallons,
which is the consumption of E85 that yields the same miles driven as the consumption of 683 gallons of

EO. Then we sum-up the consumption at each station to find the aggregate for the entire United States.

7 The core-based statistical area (CBSA) is defined as the “counties or equivalent entities associated with at least
one core (urbanized area or urban cluster) of at least 10,000 population, plus adjacent counties having a high
degree of social and economic integration with the core as measured through commuting ties with the counties
associated with the core.” We selected the CBSA that are defined as metropolitan areas (as opposed to
micropolitan areas) because they are associated with at least one urbanized area that has a population of at least
50,000.” Information about these definitions can be found at
https://www.census.gov/geo/reference/gtc/gtc_cbsa.html.
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Note that additional consumption of ethanol from the 8 to 9 million FFVs located outside US metro
areas is not included in the consumption estimates we present below.

The USDA introduced in 2015 the Biofuel Infrastructure Partnership to increase the availability
of E85 (USDA 2015). The program provided $100 million in matching funds for the installation of up to
5,000 pumps offering higher ethanol blends in 21 states. The measure the potential impacts of the
program, we estimate the demand for E85 with between zero and 5,000 new pumps.

Figure 4 shows the estimated demand for E85 in the selected metropolitan areas given
investment to distribute E85 to add zero, 1,000, 2,500 or 5,000 E85 pumps. In panel A, fuel pumps are
added strategically to maximize E85 consumption. Stations are added iteratively according to the
number of FFVs per station per metropolitan area. That is, a station is first added to the metropolitan
area with the largest number of FFVs per station. The value for the number of FFVs per station is then
recalculated and another station is added to the metropolitan area with the largest number of FFVs per
square mile. This process is repeated until the 1,000, 2,500, or 5,000 E85 fuel stations are added.
Retailers are likely not to install new E85 pumps uniquely on the basis of the number of FFVs and hence
the demand curves we report in panel A are too optimistic. In panel B we offer an alternative where new
E85 fuel stations are allocated randomly across metro areas. This allocation is more conservative and
perhaps closer to how new E85 stations would be allocated given all the factors that can motivate the
addition of new fuel stations.

Comparing panels A and B, the predicted consumption is much lower when new E85 fuel
stations are randomly allocated across metropolitan areas. At cost-per-mile parity, consumption of E85
is nearly 285 million gallons when no new stations are added. If 5,000 new E85 pumps are added
strategically, consumption grows to 1.2 billion gallons of E85. But, if the stations are randomly allocated,
consumption increases to only 675 million gallons of E85. With no new E85 pumps, the consumption of

1 billion gallons of E85 requires a price ratio of about 0.62. If stations are added according to the
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number of FFVs per station, the consumption of 1 billion gallons of E85 requires a price ratio of 0.67
with 1,000 new E85 pumps added, a price ratio about 0.73 if 2,500 new stations are added, and a price
ratio 0.80 if 5,000 new stations are added. With the location of new E85 stations randomly assigned, the
price ratios to induce consumption of 1 billion gallons of E85 are much lower. Consumption of 1 billion
gallons of E85 requires a price ratio of 0.65 with 1,000 new E85 pumps added, a price ratio about 0.68 if
2,500 new stations are added, and a price ratio 0.71 if 5,000 new stations are added.

The demand curves in Figure 4 are of course not representative of the demand for E85 in the
entire United States because they consider only metropolitan areas. However, these demand curves
show the potential for significant increases in consumption of E85 when it is discounted with respect to

E10, particularly with new strategically located E85 stations.

5. Conclusion and Policy Implications

The decision by EPA to propose to reduce RFS ethanol mandates in 2014, 2015, and 2016 on the basis
that consumer demand for ethanol is insufficient to meet a 15-billion-gallon target was based on EPA’s
belief that too few owners of FFVs will switch to E85 if is it attractively priced to save them money
and/or that there is insufficient incentive in the market-based RIN trading system to facilitate expansion
in the number of stations that sell E85. Qur analysis provides EPA and others with improved knowledge
of the proportion of urban FFV owners that will buy E85 at different price points. Our results indicate
that a significant proportion of FFV owners in metro areas will buy E85 if it is priced to save them money
on a cost-per-mile basis. In one metro area that has one E85 station for every 2,070 FFVs, the market
share of E85 exceeded 15% when E85 saved flex motorists a small amount of money. Using these new
data to estimate a functional relationship between the relative price of E85 and market share, we
predict a market share of 23% when the price of E85 relative to E10 drops to 0.70, which generates

savings of 10% for those drivers who switch. This same function shows that increasing the number of
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E85 stations significantly increases E85 sales. If 5,000 new E85 stations were located where US FFVs are
located, then almost 2 billion gallons of E85 could be consumed in all U.S. metro areas. This level of E85
consumption would push U.S. ethanol consumption well beyond 15 billion gallons. Additionally, large
amounts of ethanol would also be sold in rural areas.

Our finding that owners of FFVs like to save money on their fuel purchases is not too surprising.
EPA recognizes that the way to get lower E85 prices is to have a high RIN price. RIN prices increase the
more difficult biofuel targets can be met. Because the price of RINs represents a tax on gasoline
production that is sold domestically, a lower RIN price lowers the tax on gasoline producers. Thus,
gasoline producers have an incentive to increase the supply of RINs to lower their price. One way of
increasing the supply of RINs is to expand the consumption of E85. EPA set up the RIN trading system to
create the incentive to invest in the infrastructure that is needed to expand the consumption of biofuels
which, in turn, lowers RIN price.

The RIN price for corn ethanol on August 12, 2016 was approximately 80 cents. With both
wholesale gasoline and ethanol prices trading at $1.40, an 80 cent RIN price, if completely passed
through to wholesale E85 prices, implies an E85 price of $0.80 per gallon. Adding a fixed wholesale-to-
retail markup of $0.75 per gallon to both E85 and E10 wholesale prices results in E85 costing a bit less
than E10 on a cost-per-mile basis. Our analysis indicates that combining this level of relative prices with
the expected 5,000 new E85 pumps being installed will result in sales of between 675 million and 1.25
billion gallons of E85 in metro areas, which translates to between 500 and 900 billion gallons of ethanol
consumption. This range depends on whether the 5,000 new stations are located randomly or
strategically. With 14 billion gallons of ethanol consumed as E10, and additional E85 consumption in
rural areas, total ethanol consumption at current prices is likely high enough to meet a 15 billion gallon
blending target. Higher blending targets could be achieved with higher RIN prices. This level of

consumption however will only be achieved if current RIN prices are passed through to wholesalers and
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retailers. If pass through is incomplete, then consumption levels will fall short of 15 billion gallons
without a large increase in RIN prices. The degree of RIN pass through is the subject of ongoing research

efforts.
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Figure 1. Ratio of the wholesale and retail prices of E85 and E10
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Figure 3. Selected metropolitan areas

24



54 o
2 o]

o
o)

Price ratio at the pump (E85/E10)

0.5

A)

i e
~ o]
L L

Price ratio at the pump (E85/E10)
o
[e)}

0.5

o
o
1

—o— No new E85 pumps ~ —#— 2,500 new E85 pumps

—A— 1,000 new E85 pumps 5,000 new E85 pumps

1

Cost per mile parity

0.0 0.5 1.0 15 2.0
Consumption (billion gallon)

Strategic location of new E85 stations based on the number flex fuel vehicles per station

—o— No new E85 pumps ~ —#— 2,500 new E85 pumps

—A— 1,000 new E85 pumps 5,000 new E85 pumps

Cost per mile parity

0.0 0.5 1.0 1.5 2.0
Consumption (billion gallon)

B) Random location of new E85 stations

Figure 4.

Estimated consumption of E85 in selected metropolitan areas
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Tables

Table 1: Regressions of Consumption Share of E85 and Predicted Consumption Share

log-log linear-log linear-linear

Model1l Model2 Model3 Model4 Model5 Model6
Intercept -0.780 -0.776 -0.138 -0.175 0.199 0.192

(0.135) (0.109) (0.334) (0.333) (0.009) (0.010)
Price ratio -5.642 -5.651 -5.309 -5.516 -0.173 -0.209

(0.272)  (0.226) (0.384) (0.351) (0.011) (0.011)
Station per square mile  1.010 1.012 35.493 39.37 0.273 0.954

(0.046) (0.025) (3.267) (1.354) (0.092) (0.041)
Metro area 2 -0.005 -0.178 -0.031

(0.083) (0.137) (0.004)
Adj-R? 0.902 0.903 0.838 0.838 0.846 0.822
PO (p-value) 0.069 0.028 >0.15 >0.15 >0.15 >0.15
Predicted market share in metro area 1
Price ratio = 0.850 0.071 0.071 0.090 0.093 0.069 0.075
Price ratio = 0.776 0.118 0.118 0.133 0.14 0.082 0.09
Price ratio = 0.700 0.211 0.211 0.199 0.212 0.095 0.106
Price ratio = 0.650 0.320 0.321 0.260 0.28 0.104 0.116

Note: The values in parentheses are standard errors. There are 209 observations in the dataset.

Significance is not indicated because coefficients do not follow a standard distribution. PO is the Philips-

Ouliaris cointegration with the null-hypothesis that the variables of the model are not cointegrated.
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