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Abstract

Currently, several automakers are planning the introduction of plug-in hybrid vehicles
(PHEVs) to the U.S. market with estimated arrival around 2010. PHEV's operate using a
combination of gasoline and batteries and allow drivers the ability to re-charge their
vehicles at a home. This change in fueling behavior would decrease the amount of
petroleum fuel needed for transportation with any impact first being felt at the point
where the fuel is actually dispensed: the gasoline station.

This Masters Project aimed to determine effects on gasoline stations from a decrease in
petroleum demand due to PHEVs. An economic snapshot of the retail fuel sector was
created to determine the state of the industry and determine any trends in the sector. In
addition, a financial snapshot of gasoline stations was derived using past data to
determine revenue streams, both fuel and non-fuel, and the associated profit margins with
those revenues. Four future market penetration scenarios for PHEVs (No, Low, Medium,
High) were created and analyzed for future fuel demand using the VISION model. The
resulting fuel consumption was applied to gasoline stations to determine any revenue
1mpacts.

The results indicated that gasoline stations derive the majority of their revenue from fuel
sales, and have been increasing over time. In contrast, non-fuel revenue has actually
decreased slightly over time. In terms of profits, gasoline stations derive the majority of
their earnings from non-fuel revenue compared to fuel revenue due to much higher
average gross margins. The VISION model predicted large impacts to gasoline stations,
with PHEVs lowering fuel demand and the associated fuel revenue generated. Due to
their historical relationship, non-fuel revenue at gasoline stations was actually predicted
to increase as the fuel consumed decreased. For a sector that is already undergoing a
significant amount of change and struggling to make profits, PHEVs offer a potential
destabilizing threat unless retailers find ways to increase margins and adapt to new
vehicle technologies.



Introduction
Since the introduction of Ford Motor Company’s Model T 100 years ago, the

automobile has evolved tremendously through constant technological change. The next
major technological shift in the automobile industry could well be the mass production
and use of plug-in hybrid vehicles as a primary mode for personal travel. Plug-in hybrid
vehicles (PHEVs) are comparable to a mix between battery electric vehicles and
conventional hybrid vehicles used on the road today. Similar to battery electric vehicles,
PHEVs can recharge the on-board batteries from the electrical grid, while also containing
a conventional internal combustion engine like current hybrid vehicles (EPRI 2007a).
PHEVs are classified by the amount of miles that can be driven on an all-electric charge.
For example, a PHEV 30 is a vehicle that can travel 30 miles solely on an electric charge
from the batteries. Current designs for PHEVs have all-electric ranges from 10-60 miles
(Kliesch 2006). Since PHEVs allow drivers to recharge their vehicle at home using
electricity, drivers would not be exclusively dependent on retail fueling stations as with
conventional vehicles. The average person in the U.S. travels about 35 miles on a daily
basis in a personal vehicle (BTS 2001). This mileage equates to an average around 23
vehicle miles traveled per day since more than one person can travel in a personal vehicle
(BTS 2001). Thus, PHEVs are seen as having the ability to cover a significant portion of
individual daily travel in the U.S.

Currently, several automakers are planning the introduction of PHEVs to the
United States market with estimated arrival of commercial vehicles around 2010.
Toyota, GM, and Ford have all stated plans for the eventual release of PHEV models
(Maynard 2008). In fact, a quick search for plug-in hybrid vehicles in news publications

will yield almost daily stories covering recommendations and initiatives by non-profit



organizations, universities, and private companies on research and the implementation of
PHEVs.

This type of technology introduction, if accepted by the public, could have far
reaching environmental, societal and economic impacts. A detailed report,
“Environmental Assessment of Plug-In Hybrid Vehicles,” completed jointly by the
Electric Power Research Institute (EPRI) and the National Resources Defense Council
(NRDC) in July 2007, analyzed the potential impacts of PHEV market penetration on
greenhouse gas (GHG) emissions and air quality within the United States. In Volume 1
of the study, GHG reductions were quantified using nine different scenarios based on
high, medium, and low levels of PHEV market penetration and high, medium, and low
carbon dioxide (CO,) intensity of the electricity sector. All of the scenarios presented
lowered GHG emissions over time, with a cumulative reduction during 2010-2050
ranging from 3.4 to 10.3 billion metric tons of GHGs. In Volume 2 of the EPRI - NRDC
study an increase in PHEVs would have both positive and negative effects on air quality
in the U.S. The study found that PHEVs will slightly improve ambient air quality as the
total emissions from the electric and transportation sectors for VOCs, NOy, and SO, will
decrease over time. However, mercury emissions and particulate matter (PM) are
expected to increase in small amounts due to the assumptions within the model for large
growth in coal power production. Ozone levels are expected to decrease for 61% of the
population, while 1% will see increased ozone levels. Overall, the study concludes that
the environmental benefits of PHEV penetration far outweigh some minor air quality
issues, contrary to common public perception. A separate study conducted by Marks, et

al. of the National Renewable Energy Laboratory (NREL) in May 2007 analyzed PHEVss



impact specifically on the Xcel Energy Colorado utility service area. Concurrent with the
EPRI — NRDC study, emissions for CO,, NOy, and SO, decrease compared to
conventional vehicles.

In Volume 1 of the EPRI — NRDC report the effect of PHEV market penetration
on oil demand in the U.S. was also determined. The study created a low, medium, and
high market penetration scenario and based the market levels not only on PHEVs and
conventional vehicles, but also regular hybrids vehicles. In the Medium PHEV
penetration scenario petroleum demand for light-duty and medium-duty vehicles was
found to decrease by 2 million barrels per day and 3.7 million barrels per day by 2030
and 2050, respectively (EPRI 2007a). 3.7 million gallons per day represent around 28%
of the current daily fuel demand in 2006 for all vehicles in the United States (EIA 2006).

Considering the previous extensive research that has been completed analyzing
environmental impacts of PHEVs, an analysis of economic impacts on a variety of scales
could be relevant. As noted, future petroleum demand could be impacted by PHEV
market penetration. This effect could ripple throughout the entire petroleum value chain.
The most immediate impact would be felt upon the area of the value chain where the fuel
is actually dispensed: the gasoline station. The gasoline station has been a fixture of
American society over the past century. Figure 1 shows significant moments in the
history of gasoline stations in the U.S. These “corner stations” have played an often

overlooked and integral role in the structure of our transportation network.



Objectives
My Masters Project will address the impact of PHEVSs on the retail fuel sector and

more specifically, typical gasoline stations, using different market penetration scenarios
for PHEVs from 2010 to 2050.
I"" Objective: The state of the retail fuel sector in the United States will be determined,
with special attention towards any major trends within the industry. In addition, a
financial snapshot for typical gasoline stations will be derived. This will allow the
revenue streams for typical retail stations, fuel and non-fuel, to be determined, as well as
the margins associated with these revenues.
2" Objective: Create scenarios for future PHEV market penetration and determine the
associated decrease in fuel volume sold at retail fuel stations using the VISION model
created by the Argonne National Laboratory. Using the I* Objective, a decrease in fuel
volume sold will then be translated to any effects on the revenue streams and associated
margins at these stations.

It is expected that a decrease in traffic through retail fueling stations due to PHEV
growth would have negative economic impacts on gasoline stations’ revenue generation

for both fuel and non-fuel revenue.

Methods
State of Retail Fuel Sector

To determine the state of the retail fuel sector a literature review was completed to
determine current issues within the industry. This literature review was used to

determine any trends, problems, or factors that affect the sector. The literature review



was also used to analyze current market characteristics of the retail fuel sector and how
this sector relates to the U.S. economy as a whole.

In addition, another goal of the retail fuel sector economic snapshot was to
determine the relationship between fuel consumption that occurs at retail gasoline
stations in the U.S. and the revenues and gross margins generated by this consumption.
A variety of data sources were used to generate this analysis including the Energy
Information Administration (EIA), Federal Highway Administration (FHWA), U.S.
Census Bureau, National Association of Convenience Stores (NACS), and National
Petroleum News (NPN). All dollar values used in the analysis were converted to chained
2007 dollars by using a GDP implicit price deflator. The GDP implicit price deflator was
calculated using GDP data from National Economic Accounts provided by the U.S.
Bureau of Economic Analysis. Data from the years 1993-2005 were used in analysis.
This time period was selected based upon available financial data from the U.S. Census
Bureau.

The first data that was required for this analysis was the amount of fuel sold
through typical retail fuel stations. A few adjustments to the data were made in order to
ensure the accuracy of the calculations. First, hypermarkets have entered into the retail
fuel market over the past 10 years. Hypermarkets do not represent the typical retail fuel
station financially and thus the number of hypermarkets and corresponding fuel sold was
taken out of the data. Hypermarkets will be discussed in greater detail further on in the
report. Additionally, the financial data provided by the U.S. Census Bureau was only for
a select number of retail fuel stations. The U.S. Census Bureau catalogs the number of

establishments, in this case “gasoline stations,” that are labeled by North American



Industry Classification System (NAICS) published in the County Business Patterns
(CBP). The NAICS system groups businesses based upon the activity to which they are
primarily engaged. Therefore, businesses that sell retail fuel but label themselves under
another primary classification will not fall under the “gasoline stations” (NAICS code
447) category (Davis et al. 2007). The total volume of fuel sold in the U.S. had to be
converted into an estimate of the fuel sold only at these “gasoline stations.” This was
completed for gasoline as well as diesel fuel. It was assumed that hypermarkets only
impact the gasoline market and not the diesel fuel market. No data was found on diesel
sold at hypermarkets and the volume sold was assumed to be insignificant. Three
schematics outlining the methods used for data calculations with regards to the economic
snapshot are provided as Figures 2, 3, and 4. Fuel volume calculations, Equations A-G,
are shown in Figure 2, fuel financial data calculations, Equations H-0, are shown in

Figure 3 and non-fuel financial data calculations, Equations P-S, are shown in Figure 4.

Equation A

Highway Use of Gasoline x Hypermarket % of Gasoline Sales
= Gasoline Sold by Hypermarkets

The amount of gasoline consumed (“Highway Use of Gasoline”) through all retail fueling
sites in the U.S. was estimated using ‘“Private and Commercial Highway Use” from the
FHW A Highway Statistics Section 1: Motor Fuels. These values are calculated from
reports by State motor-fuel tax agencies. This category excludes gasoline consumed by
government vehicles and non-highway consumption (agricultural). The percentage of the
gasoline market that has been captured by hypermarkets (“Hypermarket % of Gasoline

Sales”) was determined through data from multiple annual Gas Price Kits provide by



NACS. This allowed the volume of gasoline sold (million gallons) at hypermarkets to be
determined (“Gasoline Sold at Hypermarkets”).

Equation B

Highway Use of Gasoline — Gasoline Sold by Hypermarkets
= Gasoline Sold by Typical Retail Outlets

The “Gasoline Sold at Hypermarkets” was subtracted from the “Highway Use of
Gasoline” to find the amount of gasoline sold at “typical” retail fueling stations in the
U.S. (“Gasoline Sold by Typical Retail Outlets”).

Equation C

All U.S. Fueling Sites — # of Hypermarkets = # of Typical Retail Outlets

To determine the “# of Typical Retail Outlets” in the U.S, the “# of Hypermarkets”
provided by NACS data was subtracted from “All U.S. Fueling Sites,” which was
provided by the NPN in their Annual Station Count.

Equation D

Gasoline Sold by Typical Retail Outlets / # of Typical Retail Outlets

= Gasoline Volume per Retail Outlet

The average “Gasoline Volume per Retail Outlet” was calculated by dividing “Gasoline
Sold by Typical Retail Outlet” by “# of Typical Retail Outlets”. This gave an output of
million gallons sold per retail outlet.

Equation E

Gasoline Volume per Retail Outlet x “Gasoline Stations” = Gasoline Volume Sold

The average volume sold at typical retail sites was needed to determine the amount of
gasoline sold at “gasoline stations” provided by the CBP through the U.S. Census

Bureau. Thus, “Gasoline Volume per Retail Outlet” was multiplied by the number of

10



“Gasoline Stations” provided by the Census Bureau CBP to calculate the total “Gasoline
Volume Sold” at these specific sites.
Equation F

Highway Use of Diesel / # of Typical Retail Outlets = Diesel Volume per Retail Outlet

The same method was used to calculate the amount of diesel sold through the CBP
gasoline stations. The “Highway Use of Diesel,” provide by FHWA Highway Statistics
Section 1: Motor Fuels, was divided by the “# of Typical Retail Outlets” to determine
the “Diesel Volume per Retail Outlet” in million gallons per outlet.

Equation G

Diesel Volume per Retail Outlet x “Gasoline Stations” = Diesel Volume Sold

The “Diesel Volume per Retail Outlet” was then multiplied the number of “Gasoline
Stations,” which provided the total “Diesel Volume Sold” at these selected sites.

Equation H

Retail Gasoline Price — (Wholesale Gasoline Price + Gasoline Taxes)

= Gasoline Gross Margin

To determine the gross margin earned on retail fuel sales, fuel price data was taken from
the EIA’s Short Term Energy Outlook assumptions. “Wholesale Gasoline Price” plus an
average of state and federal taxes, “Gasoline Taxes,” was subtracted from the “Retail
Gasoline Price” representing the price at the pump for consumers. The gross margin for
gasoline was determined in $ per gallon. Gross margin is understood in this case to be
equal to Revenue minus Cost of Goods Sold (COGS).

Equation I

Retail Diesel Price — (Wholesale Diesel Price + Diesel Taxes)

= Diesel Gross Margin

11



The same method and source (EIA Short Term Energy Outlook) was used to calculate the
“Diesel Gross Margin” where wholesale, “Wholesale Diesel Price,” and average state and
federal diesel taxes, “Diesel Taxes,” were subtracted from the retail selling price of
diesel. This calculation output was also in $ per gallon.

Equations J, K, and L

Gasoline Volume Sold x Retail Gasoline Price = Gasoline Revenue
Diesel Volume Sold x Diesel Gasoline Price = Diesel Revenue

Gasoline Revenue + Diesel Revenue = Total Fuel Revenue

To calculate the revenue generated from gasoline and diesel the “Gasoline Volume Sold”
(Equation E) and the “Diesel Volume Sold” (Equation G) was taken for the selected retail
stations and was multiplied by the respective retail prices for those fuels. This generated

“Gasoline Revenue” and “Diesel Revenue” which were combined to determine the “Total
Fuel Revenue.”

Equations M, N, and O

Gasoline Volume Sold x Wholesale + Taxes Price = Gasoline COGS
Diesel Volume Sold x Wholesale + Taxes Price = Diesel COGS
Gasoline COGS + Diesel COGS = Total Fuel COGS

The COGS for both gasoline and diesel were calculated by taking the “Gasoline Volume
Sold” and the “Diesel Volume Sold” and multiplying by the “Wholesale + Taxes Price”
for each fuel. This allowed the “Gasoline COGS” and “Diesel COGS” for each fuel to be
summed for the “Total Fuel COGS.”

Equations P, Q, and R

Gasoline Volume Sold x Gasoline Gross Margin = Gasoline Gross Margin
Diesel Volume Sold x Diesel Gross Margin = Diesel Gross Margin

Gasoline Gross Margin + Diesel Gross Margin = Total Fuel Gross Margin

12



In the same manner as the above equations, the gross margin dollar amount associated
with both fuels was determined using the “Gasoline Volume Sold” and the “Diesel
Volume Sold.” The volume sold for both fuels was multiplied by the calculated gross
margins ($ per gallon) from Equations H and I to generate “Gasoline Gross Margin” and
“Diesel Gross Margin.” These fuel gross margins were then combined to find the “Total
Fuel Gross Margin” in million 2007 dollars.

Equation S

“Gasoline Stations” Total Revenue — Total Fuel Revenue = Non-Fuel Revenue

To determine the “Non-Fuel Revenue” generated from these selected retail stations the
“Total Fuel Revenue” from Equation L was subtracted from “Gasoline Stations Total
Revenue,” which was provided in the Annual Revision of Monthly Retail and Food
Services: Sales and Inventories, 1992-2007 created by the U.S. Census Bureau.

Equation T

“Gasoline Stations” Total Revenue — “Gasoline Stations” Gross Margin

= Gasoline Stations Total COGS

The overall COGS for these retail stations, “Gasoline Station Total COGS,” were
calculated by subtracting “Gasoline Stations Gross Margin” from “Gasoline Stations
Total Revenue.” The “Gasoline Stations Gross Margin” was also provided by the U.S.
Census Bureau in the 2005 Annual Retail Trade Survey.

Equation U

Gasoline Stations Total COGS - Total Fuel COGS = Non-Fuel COGS

The “Total Fuel COGS” that was calculated in Equation O was subtracted from
“Gasoline Station Total COGS” calculated in the above equation to determine the “Non-

Fuel COGS.”
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Equation V

“Gasoline Stations” Gross Margin — Total Fuel Gross Margin

= Non-Fuel Gross Margin

The “Non-Fuel Gross Margin,” in million 2007 dollars, was calculated by subtracting the
“Total Fuel Gross Margin,” determined in Equation R, from the “Gasoline Station Gross
Margin.”

PHEV Market Penetration Scenarios and Petroleum Demand Impacts

The market penetration scenarios for PHEVs were based upon the three scenarios
(Low, Medium, and High) used in the EPRI — NRDC study mentioned previously. The
market shares for each vehicle technology (conventional, hybrid, and PHEV) in the year
2050 for that study can be seen in Table 1. The scenarios created for this analysis were
based as closely as possible to these penetration percentages and can be seen in Table 2.
The market scenarios can also be seen graphically in Figures 5, 6, 7, and 8. The
percentages for new vehicle sales were apportioned to light duty vehicles which are made
up of cars and light trucks. It was decided that cars relative to light trucks would have a
slight preference for a higher market penetration percentage of PHEVs, as PHEVs would
likely expand into the car market first and more readily. The specific percentage choices
for these two fleets over the time period can be seen in Table 3.

The market penetration assumptions were then applied to the VISION model.
The VISION model “provide[s] estimates of the potential energy use, oil use and carbon
emission impacts of advanced light and heavy-duty vehicle technologies and alternative
fuels though the year 2050” (Argonne 2007).

VISION is a Microsoft Excel based model that uses “vehicle survival and age-

dependent usage characteristics to project total light- and heavy-vehicle stock, total
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vehicle miles of travel (VMT), and total energy use by technology and fuel type by year,
given market penetration and vehicle energy efficiency assumptions developed
exogenously” (Singh et al. 2003). VISION is updated annually, and the 2007 update
included PHEVs and other fuel flexibility options. A reference scenario, which has no
PHEV market penetration (No PHEV Scenario), is provided that is based primarily on
EIA Annual Energy Outlook (AEO) 2007 projections, but does not exactly match EIA
forecasts. The EIA AEO projects out to 2030, while the VISION model extends these
projections till 2050. Other assumptions built into the model are from the FHWA, U.S.
Census Bureau, and the National Transportation Data Book, which are also updated
annually. The output from VISION is broken down by vehicle type with estimates for
the amount of energy used through 2050 in Quads.

The specific vehicles technology inputs for VISION include Electric Vehicles,
ES85 vehicles, Diesel, Natural Gas, Gasoline Hybrids, E85/Hydrogen Hybrids, Diesel
Hybrids, Gasoline PHEV, Diesel PHEV, and Fuel Cells. The total percentage of new
vehicles sales for all of the technologies above was subtracted from 100% with the
remaining percentage going to Conventional Vehicles. The No PHEV Scenario does not
alter any of the preset percentages conditions of the VISION model. The Low PHEV
Scenario alters the percentages for Gasoline Hybrids and Gasoline PHEVs in both the car
and light truck categories. The Medium PHEV Scenario alters the same areas as the Low
PHEV Scenario, but also alters the new vehicle sale percentages for E85, Diesel, and
Diesel PHEVs for the light truck category. The High PHEV Scenario alters all of the
technologies as in the Medium PHEV Scenario, with the addition of E85, Diesel, and

Diesel PHEVs in the car category as well as the light truck category. The specific inputs
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that were used in the model runs for the different penetration scenarios can be seen in
Tables 4, 5, 6, and 7.

The energy use output by light duty vehicles from the model (Quads) was
converted to gallons of fuel using conversion factors, 123,976 BTU per gallon of gasoline
and 138,691 BTU per gallon of diesel. To properly match the financial analysis
completed previously, this predicted total amount of gasoline and diesel consumed in the
U.S. was converted into gasoline and diesel sold at the CBP selected “gasoline stations.”
This was done using simple correlations between historical total gasoline and diesel
consumed and the gasoline and diesel consumed at these select fuel stations. The data
had a strong correlation for gasoline and diesel, R? =0.9283 and R? = 0.9938
respectively, which allowed for reliable predictions (Figures 9 and 10).

The predicted gallon amounts of both fuels consumed at “gasoline stations” were
then further converted into predicted revenue streams. The revenue generated from the
sale of these fuels was calculated by using the predicted motor gasoline and diesel fuel
prices found in the EIA’s Annual Energy Outlook (AEO) 2007. The High Price Case
(Tables 8 and 9) was chosen for use over the EIA’s Reference Case considering that the
Reference Case prices for gasoline and diesel never rise above $2.17 ($2005) and $2.30
($2005) respectively from 2010 to 2030. The AEO only calculated prices until 2030
however. Using the average growth of prices in the High Price Case from 2010 through
2030, that growth rate was then applied to calculate predicted prices to 2050. To
determine the predicted amount of non-fuel revenue for these select fuel stations, the

correlation between non-fuel revenue and the amount of gasoline sold at the selected
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stations was used for prediction (Figure 11). The relationship provided a correlation of
R* = 0.7554.

To further compare the four different scenarios and their impacts on revenue, the
revenue generated from gasoline, diesel, and non-fuel was totaled from 2010 to 2050.
These values were then discounted back to derive the prevent value (PV) of these totaled
revenue streams. This allowed the changes in revenue from the different scenarios to be
put in present day (2010 in this case) terms for ease in comparison. Two discount rates
were chosen and were based on the risk-free rate for simplicity. To approximate for the
risk-free rate, a 10-year (3.48%) and 20-year (4.44%) average for the three-month U.S.

Treasury bill was used. The results are presented using the 20-year average, 4.44%.

Results
State of Retail Fuel Sector

In addition to their already integral role in society, gasoline stations sales
represent a significant portion of the U.S. economy. In 2006, it is estimated that fuel
sales from gasoline stations was equal to around $424 billion, accounting for 3.21% of
the U.S. gross domestic product (GDP) (BEA 2008). It should be noted that this revenue
is only from fuel and does not include the revenue generated from in-store sales. This
value is significant and indicates that an impact to the retail fuel sector could affect GDP
in the U.S. Since 1992, gasoline station sales of fuel have accounted for an average of
2.35% of the U.S. GDP with the percentage rising from 2.06% to 3.21% over the past
five years.

Even though gasoline station sales represent a noteworthy amount of U.S. GDP, it

has been an increasingly tough market to profit in. Due to this fact, the retail fuel sector
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industry has undergone significant changes in recent years. To begin with, the number of
fueling sites (including the rise in hypermarkets) across the U.S. has decreased from
210,120 in 1991 to 167,476 in 2006 (NPN 2007). The number of locations has remained
fairly level since 2003; however this decrease since 1991 equals an average of 2,665
retail sites closing annually over this time period. This decrease can be seen in Figure 12.
This decrease is due to a variety of reasons. Mergers in the sector since the early
1990’s have led to a greater degree of vertical integration among companies as a
substantial number of unions have occurred between independent refiners and marketers
(GAO 2004). As an example, the number of dealers and distributors who are members of
the Petroleum Marketers Association of America (PMAA) decreased to 7,000 in 2002
from 10,000 in 1991 (GAO 2004). This has been coupled with the fact that barriers to
entry exist for new retail stations due to fewer suppliers of gasoline for retailers and
difficult permitting processes due to land-use rules in some areas of the U.S. (GAO
2004). Another change in the fuel marketing sector has been the increase of branded
gasoline sold compared to unbranded gasoline. Branded gasoline is sold under a refiner’s
trademark and carries with it a price premium due to additives and consumer brand
loyalty (GAO 2004). This change has likely occurred due to less independent refiners
operating and better inventory management systems. Historically, “mom and pop”
gasoline stations were heavy users of unbranded gasoline because of its cheaper price.
Additionally, refiners now prefer to deal with larger distributors because they have larger
volume contracts, which reduce distribution and administrative costs, as well as larger
retailers have a lower credit risk (GAO 2004). All of the above changes have put

pressure on smaller retail gasoline stations and promoted consolidation in the sector.
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At the same time as these changes the rise of the so called “hypermarkets” has
occurred putting further pressure on small gasoline retailers. Hypermarkets are mass
retailers that include supermarkets, discount stores, and warehouse clubs such as Sam’s
Club, Costco, BJ’s, and Safeway. These stores sell high volumes of fuel at a discounted
price, typically selling two and half times the amount of fuel that a normal retail station
does (NACS 2008c). Hypermarkets provide an ideal outlet for refiners wishing to deal in
high volumes. Also, hypermarkets deal primarily in unbranded gasoline, which as noted,
is often used by “mom and pop” stations. If unable to locate unbranded gasoline these
smaller stations must purchase branded gasoline, which incurs a higher cost and increases
the likelihood of those stations going out of business. NACS, the trade group associated
with convenience and petroleum retailing, estimated that there were 79 hypermarket
companies with at least one site selling gasoline as of July 2007 (NACS 2008c).
Combined, these companies have a total of around 4,300 fueling sites across the U.S. at
their stores and accounted for roughly 10% of the gasoline market in 2007, as seen in
Figure 13. The number of hypermarket fueling sites has grown very quickly in recent
years as they had only captured around 3% of the market in 2000 (NACS 2008d).

One of the major costs for gasoline station owners is credit card fees, and these
fees have become a bigger burden over time. The invention of pay-at-the-pump stations
and its explosion of use throughout the country have made credit card fees omnipresent.
NACS estimated that for 2006 credit card fees were 4.2 cents per gallon for gasoline
stations that also have convenience stores (NACS 2008b). It was also estimated that
credit card fees totaled $6.6 billion in 2006, and were for the first time larger than profits,

$4.8 billion, at convenience stores that sell fuel.
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The major integrated oil companies’ operations in the marketing gasoline sector
provide an interesting example of recent impacts. As mentioned previously, the majority
of gasoline stations sell branded gasoline. The six companies with the largest amount of
branded retail outlets in 2006 were Shell, BP, ConocoPhillips, ExxonMobil, Chevron,
and CITGO (NACS 2008c). Over the past four years the number of stations operating
under the brand of these companies has been decreasing at an average rate of over 1000
stations per year (NACS 2005, 2006, 2007, 2008c). The specific declines since 2003 can
be seen in Figure 14 below. This shows that the large oil companies are divesting
stations that they actually own, as well as selling more fuel to independent operators.

The financial analysis of the retail fuel sector showed additional trends that are
occurring within the industry. First, the margins on fuel products sold at stations have
been decreasing over the study period. As shown in Figure 15 the gross margins for both
gasoline and diesel have been falling over time. These values, in 2007 cents per gallon,
represent the retail price of fuel minus the wholesale costs and taxes. In this instance,
specific distribution costs could not be determined, but are estimated to range from one to
three cents per gallon (NACS 2008b). When accounting for distribution costs as well as
operating expenses (credit card fees, wages, rent, etc.), the amount of net profit for
retailers falls drastically. Net profit margins vary over the course of the year, but can
range from negative margins to multiple cents per gallon (NACS 2008b).

The data on the CBP specified “gasoline station’s” total revenue remained fairly
constant during most of the period ranging from around $304 billion to $352 billion in
chained 2007 dollars from 1993 to 2002. However, from 2003 to 2005, the total revenue

at these stations rose by $84 billion to an all-time high of over $415 billion. When

20



comparing the total revenue stream to the revenue generated from fuel sales and non-fuel
sales, this increase can be explained. Shown in Figure 16, it is clear that the increase in
total revenue, and general movement in the total revenue stream over time, is due to the
fluctuation of the revenue created from fuel. The movements of the two revenue flows
coincide very closely. In contrast, the non-fuel revenue does not escalate as drastically,
ranging from $121 billion to $141 billion over the same time period. Non-fuel revenue
has also gradually decreased over this period. This drop in non-fuel revenue seems
counterintuitive as the total volume of fuel consumed has increased over this same time,
shown in Figure 17, which would seem to cause more in-store visits for customers.

This drop in non-fuel revenue is important to retail stations as non-fuel revenue is
the business area where stations derive the majority of their profits. Figure 18 shows the
total, fuel, and non-fuel gross margin million 2007 dollar values for these areas of
operation. Even though the amount of revenue generated by fuel is roughly triple the
amount from non-fuel, the gross margin generated from fuel is about half the amount
from non-fuel. The gross margin percentage is a rough estimate of profitability and
determines how much money is retained for every dollar of sales. The gross margin
percentages for the different revenue streams are shown in Figure 19. Non-fuel revenue
has a much higher percentage averaging 36.8% over this 13 year time frame, while the
average for fuel is 10.6%. In real terms, this means that gasoline stations have earned
around 37 cents per dollar sold of items sold in-store, while only earning around 11 cents
per dollar of fuel sold. It is important to reiterate that gross margin does not equal net
profit for gasoline stations, as operating expenses must be extracted out as well, which for

fuel specifically, erode the majority of the gross profit margin. Over this period, the
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gross margin percentage for non-fuel items has remained fairly constant and actually rose
from 2002 to 2005 by just over 9%. However, the fuel gross margin percentage has
fallen quite steadily over the period, dropping by 5.6%, with the lowest percentage, 7.5%,
coming in 2005.

PHEV Market Penetration Scenarios: Petroleum Demand and Revenue Impacts

The VISION output for the constructed PHEV market penetration scenarios
showed that PHEVs can have large impacts on the CBP selected retail stations within the
U.S, in terms of both fuel volume and associated revenue streams. The Medium and
High PHEV Scenarios have especially large impacts on these retail stations. The volume
of gasoline sold at these stations rises for the first few years of all the scenarios but
begins to decrease in the Medium and High PHEV Scenarios as the fleet begins turn over
and as PHEVs start to enter the market in large numbers (Figure 20). The Low PHEV
Scenario gasoline volume continues to increase, but at a slower rate than the No PHEV
Scenario. The gasoline volume rises over time till 2039, and then begins to decrease
slightly. The impact to the diesel volume consumed was minor compared to gasoline, as
diesel vehicles comprise a small percentage of vehicles in the U.S. and PHEV penetration
in the diesel sector was input as minimal in the VISION model. The changes in diesel
volumes consumed at these fuel stations can be seen in Figure 21. For example, over the
40 year time period, the Medium PHEV Scenario caused a 44.1% and 1.8% reduction in
the gasoline and diesel volumes sold at these stations (Table 10). This reduction would
represent total volume losses over the time period of around 1.45 trillion gallons of

gasoline and 32 billion gallons of diesel.
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The predicted revenue streams for gasoline and diesel fuel that were calculated
using future prices also show large decreases from the PHEV scenarios (Figures 22 and
23). As noted above, the revenue values were discounted back to the year 2010 using an
approximate risk-free rate, 4.44%. In the Medium PHEV Scenario, the amount of
revenue that is lost in gasoline and diesel sales over the time period has a present value of
over $980 billion and over $20 billion in 2007 dollars, respectively (Table 11). The total
present value of the fuel revenue lost, around $1 trillion, is equal to 3.4 times the amount
of fuel revenue ($2007) generated in 2005. The percentage changes (losses) for gasoline
revenue are less than the percentage changes in predicted volume. The percentage
reduction is less due to the predicted gasoline prices rising over time, negating some of
the loss in volume. The diesel price does not rise as much as gasoline price and thus does
not effectively alter the percentage change.

As noted above, the amount of non-fuel revenue has been decreasing over time
even as fuel volume consumed has increased. This relationship causes the predictions for
non-fuel revenue to actually increase as fuel volumes consumed decrease (Figure 24).
The Medium PHEV Scenario has an increase in non-fuel revenue that has a present value
equal to almost $305 billion in 2007 dollars (Table 12). This rise in non-fuel revenue
helps to offset the losses in fuel revenue at these selected retail stations. The total
revenue changes caused by the PHEV scenarios (Table 13) range from a 4.6% loss to a

17.9% loss.

Discussion

The times ahead appear to be potentially rocky for retail fuel stations, at least as it

appears for those stations labeled under the County Business Patterns by the U.S. Census
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Bureau. The number of retail stations is decreasing, coinciding with decreasing margins
for fuel, the main source of revenue. The non-fuel revenue generated by these stores has
also been falling slowly over time; however this has been offset by higher margins earned
on these in-store sales. In addition, new technologies within the transportation sector are
posing threats to their business.

The VISION model output illustrated that PHEVs can significantly impact the
revenue streams for retail fuel stations. However, the finding of non-fuel revenue
increasing as the penetration of PHEVs into the market increases seems illogical, as
fewer trips to the fuel stations by consumers would be expected to mean fewer items
bought in-store. One could posture that the amount of revenue generated in-store might
have fallen from 1993 to 2005 due to rising fuel prices. Looking at a graph comparing
fuel prices and non-fuel revenue (Figure 25), there are some movements in prices and
revenue that do correspond loosely. For instance, from 1999 to 2003, the non-fuel
revenue moves in opposition to the fuel prices, such that a rise in fuel prices equals a drop
in non-fuel revenue and vice-versa. However, this relationship is not extremely robust.

When analyzing the magnitude of the predicted amounts of future revenue from
fuel and non-fuel, it appears that the increase in non-fuel revenue only partially decreases
the amount of revenue lost from fuel due to PHEV market penetration. But, if taking into
account the average gross margin for both fuel and non-fuel, it underscores the
importance of in-store items in terms of profit margins. As shown in Figure 26, when the
14-year average gross margin percentage is applied to the predicted fuel and non-fuel
revenue, the predicted increase in non-fuel revenue covers any losses in fuel revenue in

the scenarios. For example, in the Medium PHEV Scenario, the present value of the fuel
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revenue loss based upon the No PHEV Scenario is $106,153 ($MM 2007). But, the
present value of the non-fuel revenue increase is $112,291 ($MM 2007), which ends up
giving the fuel stations a net revenue gain. It is unlikely however that non-fuel revenue
will rise so drastically due to more PHEVs being on the road as mentioned earlier.

People might be inclined to buy more in-store items if they are using less fuel, but not to
the degree that is predicted by its past relationship to gasoline volume sold. In addition to
the fuel volume sold, other factors such as fuel price, store location, or store size, would
need to be included in a prediction model to more accurately determine what issues effect
non-fuel revenue at retail stations. It is important however to note how integral in-store
sales are to the profit generated by retail fuel stations.

Another factor that helped to counteract the large decrease in fuel volume and
revenue was the large predicted increase in the amount of diesel fuel consumed. In the
Medium PHEV Scenario the annual revenue from diesel at the selected fuel stations in
2010 was predicted to be just over $79 billion ($2007) and grew to $224 billion ($2007)
in 2050. The predicted decrease to diesel fuel due to PHEVs in the Medium PHEV
Scenario was only around $10 billion in 2050 compared to a loss of over $280 billion in
gasoline revenue from this scenario. The percentage decrease in gasoline revenue,
32.5%, drops to 24.3% with the inclusion of diesel fuel in the Medium PHEV Scenario
(Table 14).

Although the predicted output finds that these select fuel stations will lose large
amounts of fuel revenue, this money will not be completely lost from the U.S economy.
Some of this value will transfer to utilities and electric power producers, as the increase

in PHEVs will lead to an increase in electricity consumption. Disregarding the
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questionably large increase in non-fuel revenue, the present value of the lost revenue
from fuel at these selected fueling stations in just over $1 trillion ($2007). Considering
the price differences between the fuels for transportation and electricity, the amount of
revenue lost from retail fuel stations would not be an exact transfer of funds, but would
represent a significant gain in revenue for the electricity sector.

There are two factors that could exacerbate the predicted impact of PHEVss on the
retail fuel sector. First, the assumed demand growth for fuels in the VISION model is
quite large. From 2010 to 2050, the gasoline and diesel demand is expected to increase
every year by 1,427 and 279 million gallons, respectively. However, the amount of
gasoline consumed in the U.S. has decreased from 2004 to 2006 due possibly to higher
fuel prices. Thus, a decrease in future fuel demand due to increasing fuel prices is
plausible. A lower base demand growth within the model would cause any effects of
PHEVs on volume or revenue to be even more severe on a percentage basis.
Additionally, the revenue analysis was completed only for the CBP selected “gasoline
stations,” which from 1992-2005 represented an average of 65.7% of the total fuel
revenue generated at all retail fueling sites in the U.S. Incorporating the additional
fueling sites and calculating the volume and revenue losses from the predicted total fuel
decrease would also amplify the impact that PHEVs would have.

The ability of retail stations to adapt to potential losses in revenue from PHEVs
will be important in their ability to profit. One method of adaptation would be to
determine a way to allow PHEVs to continue to refuel/recharge at existing stations using
electricity. Allowing drivers the ability to recharge their vehicles quickly or for them to

be able to swap out batteries quickly, could continue to bring customers to retail stations.
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For example, a start-up company called Project Better Place is attempting to implement
this kind of recharging system within Israel, which will allow drivers of electric vehicles,
including PHEVs, the opportunity to recharge at various points within the country. If this
option is viable, it would be no surprise if certain retailers in the U.S. attempt to adopt the
ability to cater to PHEVs as well as conventional vehicles in order to maintain

profitability.

Conclusions and Recommendations

In the current times of record-breaking gasoline prices, the push for alternative
modes of transportation and alternative fuels is at an all-time high within the U.S.
PHEVs seem to represent a real possibility in terms of offering an alternative to the
conventional automobile. If large amounts of PHEVs enter the market, the impacts to
retail fueling stations in the U.S. could be quite large in terms of gasoline volume sold
and the associated revenue. It is less clear the impact that PHEVs would have on non-
fuel revenue for retail stations, but a combination of high fuel prices and less trips to
fueling stations due to PHEVs would seem to suggest less in-store sales at these stations,
contrary to the VISION model predictions. In a sector that is already struggling and
undergoing a great amount of change, the potential impacts of PHEVs should loom large
on the horizon. In order to cope with these potential changes and impacts, retail fuel
stations must find ways to adapt to changing conditions and maximize margins and
profits from both fuel and non-fuel revenue streams.

This study only analyzed impacts to one piece of the petroleum value chain, but a
decline in the fuel consumed by light duty vehicles in the U.S. would be felt further up

the value chain as well. The petroleum refining sector for example could see significant
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impacts. Investments decisions for refiners are capital intensive and require accurate
long-term forecasting of future petroleum demand. PHEVs offer a type of disruptive
technology that could make future modeling and forecasting efforts more difficult. An
analysis of how PHEVs could affect refiner’s future capital investments and petroleum

product outputs would be intriguing.
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Figure 1. Gasoline Station Timeline 1905-Present (NACS 2008a)
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Figure 2. Data Schematic for Fuel Volume
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Figure 6. Low PHEV Market Penetration
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Select Gasoline Sold vs. Total Gasoline Sold
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Non-Fuel Revenue vs. Gasoline Volume
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Fuel Volume Sold and Non-Fuel Revenue: 1993-2005
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Figure 20. Predicted Gasoline Sold for PHEV Scenarios
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Figure 21. Predicted Diesel Sold for PHEV Scenarios
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Figure 22. Gasoline Revenues for PHEV Scenarios
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Figure 23. Diesel Revenue for PHEV Scenarios
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Figure 24. Non-Fuel Revenue for PHEV Scenarios
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Figure 25. Historical Fuel Prices and Non-Fuel Revenue
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Figure 26. Predicted Revenues with Gross Margins
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Tables

Table 1. EPRI - NRDC PHEYV Scenarios

2050 New Vehicle Market Share Vehicle Type
by Scenario Conventional Hybrid Plug-in Hybrid
Penatration | MedumPHEV T o 2 -
Scenario _
Table 2. PHEV Market Penetration Scenarios
New Vehicle Market _Share Year
for Three Scenarios
PHEV Scenario | Vehicle Type 2010 2020 2030 2040 2050
Conventional 85% 75% 66% 61% 56%
Low Hybrid 14% 20% 24% 24% 24%
Plug-in Hybrid 1% 5% 10% 15% 20%
Conventional 85% 38% 24% 20% 14%
Medium Hybrid 14% 26% 24% 24% 24%
Plug-in Hybrid 1% 36% 52% 56% 62%
Conventional 85% 40% 17% 15% 5%
High Hybrid 14% 20% 18% 15% 15%
Plug-in Hybrid 1% 45% 70% 75% 80%
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Table 3. Scenario Market Penetration Percentages

Penetration % Choices for Cars and Light Duty Trucks

Low Scenario

Hybrid Penetration %

Year 2010 2020 2030 2040 2050

Car 20 26 30 30 30

Light Duty Truck 8 14 18 18 18

Average 14 20 24 24 24
PHEV Penetration %

Year 2010 2020 2030 2040 2050

Car 2 7 13 19 25

Light Duty Truck 0 3 7 11 15

Average 1 5 10 15 20
Medium Scenario |Hybrid Penetration %

Year 2010 2020 2030 2040 2050

Car 20 28 26 26 26

Light Duty Truck 8 24 22 22 22

Average 14 26 24 24 24
PHEV Penetration %

Year 2010 2020 2030 2040 2050

Car 2 40 56 59 65

Light Duty Truck 0 32 48 53 59

Average 1 36 52 56 62
|High Scenario Hybrid Penetration %

Year 2010 2020 2030 2040 2050

Car 18 22 19 16 15.5

Light Duty Truck 10 18 17 14 14

Average 14 20 18 15 14.75
PHEV Penetration %

Year 2010 2020 2030 2040 2050

Car 2 50 74 78 79.71

Light Duty Truck 0 40 66 72 80.77

Average 1 45 70 75 80.24
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Table 4. VISION Inputs - No PHEV Penetration

No PHEV Scenario

CAR 2000 2010 2020 2030 2040 2050

EV 0.01% 0.03% 0.03% 0.03% 0.03% 0.03%
E-85 FFV 2.32% 5.33% 5.08% 4.90% 4.90% 4.90%
Diesel 0.26% 0.37% 0.57% 1.01% 1.27% 1.50%
CNG 0.39% 0.71% 0.71% 0.711% 0.72% 0.72%
SI HEV on Gasoline 0.11% 3.65% 5.65% 8.23% 9.47% 9.83%
SI HEV on E85/H2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel HEV 0.00% 0.01% 0.06% 0.04% 0.01% 0.00%
Sl PHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel PHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Fuel Cell 0.00% 0.00% 0.05% 0.05% 0.05% 0.04%
Conventional 96.92% 89.91% 87.85% 85.03%  83.55%  82.99%
TOTAL 100.0% 100.0% 100.0% 100.0% 100.0%  100.0%
| LIGHT TRUCK 2000 2010 2020 2030 2040 2050

EV 0.01% 0.04% 0.04% 0.04% 0.04% 0.04%
E-85 FFV 4.74% 1551% 1499% 14.02% 13.05% 12.09%
Diesel 4.80% 4.20% 6.29% 9.84% 11.27% 12.36%
CNG 0.89% 0.36% 0.36% 0.36% 0.37% 0.37%
SI HEV on Gasoline 0.00% 2.53% 4.93% 7.01% 7.95% 8.18%
Sl HEV on E85/H2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel HEV 0.00% 0.00% 0.03% 0.02% 0.01% 0.00%
Sl PHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel PHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Fuel Cell 0.00% 0.00% 0.02% 0.03% 0.04% 0.05%
Conventional 89.6% 77.4% 73.3% 68.7% 67.3% 66.9%
TOTAL 100.0% 100.0%  100.0%  100.0%  100.0%  100.0%
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Table 5. VISION Inputs - Low PHEV Penetration

Low PHEV Scenario

CAR 2000 | 2010 | 2020 | 2030 | 2040 | 2050
EV 0.01% 003%  003%  0.03%  0.03%  0.03%
E-85 FFV 2.32% 533%  508%  4.90% 4.90%  4.90%
Diesel 0.26% 037%  057% 1.01%  1.27%  1.50%
CNG 0.39% 071%  071%  071%  0.72%  0.72%
SI HEV on Gasoline 0.11% 20.00% 26.00% 30.00% 30.00% 30.00%
SI HEV on E85/H2 0.00% 000%  000%  0.00%  0.00%  0.00%
Diesel HEV 0.00% 001%  006%  0.04%  0.01%  0.00%
S| PHEV 0.00% 200%  7.00% 13.00% 19.00% 25.00%
Diesel PHEV 0.00% 000%  000%  0.00%  0.00%  0.00%
Fuel Cell 0.00% 000% 005% 0.05%  0.05%  0.04%
Conventional 96.92% 7155%  60.50% 50.26%  44.02%  37.82%
TOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
LIGHT TRUCK 2000 | 2010 | 2020 | 2030 | 2040 | 2050
EV 0.01% 004%  0.04%  0.04%  0.04%  0.04%
E-85 FFV 4.74% 1551%  1499% 14.02% 13.05% 12.09%
Diesel 4.80% 420%  629%  9.84% 11.27% 12.36%
CNG 0.89% 036%  036%  0.36%  0.37%  0.37%
SI HEV on Gasoline 0.00% 800% 1400% 18.00% 18.00%  18.00%
SI HEV on E85/H2 0.00% 000%  000%  0.00%  0.00%  0.00%
Diesel HEV 0.00% 000%  003%  0.02%  0.01%  0.00%
S| PHEV 0.00% 000%  300%  7.00% 11.00% 15.00%
Diesel PHEV 0.00% 000%  000%  0.00%  0.00%  0.00%
Fuel Cell 0.00% 000%  002%  0.03%  0.04%  0.05%
Conventional 89.6% 71.9%  61.3%  50.7%  462%  42.1%
TOTAL 100.0% 100.0% 100.0% 100.0% 100.0%  100.0%
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Table 6. VISION Inputs - Medium PHEV Penetration

Medium PHEV Scenario

CAR 2000 2010 2020 2030 2040 2050
EV 0.01% 0.03% 0.03% 0.03% 0.03% 0.03%
E-85 FFV 2.32% 5.33% 5.08% 4.90% 4.90% 4.90%
Diesel 0.26% 0.37% 0.57% 1.01% 1.27% 1.50%
CNG 0.39% 0.71% 0.71% 0.71% 0.72% 0.72%
Sl HEV on Gasoline 0.11% 20.00% 28.00% 26.00% 26.00% 26.00%
SI HEV on E85/H2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel HEV 0.00% 0.01% 0.06% 0.04% 0.01% 0.00%
Sl PHEV 0.00% 200% 40.00% 56.00% 59.00%  65.00%
Diesel PHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Fuel Cell 0.00% 0.00% 0.05% 0.05% 0.05% 0.04%
Conventional 96.92% 71.55%  2550%  11.26% 8.02% 1.82%
TOTAL 100.0% 100.0%  100.0%  100.0%  100.0%  100.0%
LIGHT TRUCK 2000 2010 2020 2030 2040 2050
EV 0.01% 0.04% 0.04% 0.04% 0.04% 0.04%
E-85 FFV 4.74% 1551%  13.00%  10.00% 7.00% 5.00%
Diesel 4.80% 4.20% 5.29% 7.84% 7.27% 6.36%
CNG 0.89% 0.36% 0.36% 0.36% 0.37% 0.37%
S| HEV on Gasoline 0.00% 8.00% 24.00% 22.00% 22.00% 22.00%
Sl HEV on E85/H2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel HEV 0.00% 0.00% 0.03% 0.02% 0.01% 0.00%
Sl PHEV 0.00% 0.00% 31.00% 46.00% 49.00% 53.00%
Diesel PHEV 0.00% 0.00% 1.00% 2.00% 4.00% 6.00%
Fuel Cell 0.00% 0.00% 0.02% 0.03% 0.04% 0.05%
Conventional 89.6% 71.9% 25.3% 11.7% 10.3% 7.2%
TOTAL 100.0% 100.0%  100.0%  100.0%  100.0%  100.0%
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Table 7. VISION Inputs - High PHEV Penetration

[High PHEV Penetration Scenario

CAR 2000 2010 2020 2030 2040 2050

EV 0.01% 0.03% 0.03% 0.03% 0.03% 0.03%
E-85 FFV 2.32% 5.33% 5.08% 4.90% 4.90% 3.90%
Diesel 0.26% 0.37% 0.27% 0.51% 0.27% 0.10%
CNG 0.39% 0.71% 0.71% 0.711% 0.72% 0.72%
SI HEV on Gasoline 0.11% 18.00% 22.00% 19.00% 16.00%  15.50%
SI HEV on E85/H2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel HEV 0.00% 0.01% 0.06% 0.04% 0.01% 0.00%
Sl PHEV 0.00% 200% 49.75% 73.50% 77.00% 78.31%
Diesel PHEV 0.00% 0.00% 0.25% 0.50% 1.00% 1.40%
Fuel Cell 0.00% 0.00% 0.05% 0.05% 0.05% 0.04%
Conventional 96.92% 73.55%  21.80% 0.76% 0.03% 0.00%
TOTAL 100.0% 100.0% 100.0% 100.0% 100.0%  100.0%
| LIGHT TRUCK 2000 2010 2020 2030 2040 2050

EV 0.01% 0.04% 0.04% 0.04% 0.04% 0.04%
E-85 FFV 4.74% 1551% 13.00%  10.00% 7.00% 2.50%
Diesel 4.80% 4.20% 4.29% 5.84% 4.27% 2.07%
CNG 0.89% 0.36% 0.36% 0.36% 0.37% 0.37%
SI HEV on Gasoline 0.00% 10.00% 18.00% 17.00% 14.00%  14.00%
Sl HEV on E85/H2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Diesel HEV 0.00% 0.00% 0.03% 0.02% 0.01% 0.00%
Sl PHEV 0.00% 0.00% 38.00% 62.00% 65.00% 70.50%
Diesel PHEV 0.00% 0.00% 2.00% 4.00% 7.00% 10.27%
Fuel Cell 0.00% 0.00% 0.02% 0.03% 0.04% 0.05%
Conventional 89.6% 69.9% 24.3% 0.7% 2.3% 0.2%
TOTAL 100.0% 100.0%  100.0%  100.0%  100.0%  100.0%
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Table 8. High Price Case Gasoline Prices

EIA 2007 Annual Energy Outlook - 2030 - High Price Scenario

Gasoline Price | GDP Implicit Price Gasoline
Forecast Deflator for 2005 Price
2005
Year (cents/gallon) 2007=1.000000 | $2007/gallon
2010 250.1 0.898319 $2.78
2011 250.4 0.898319 $2.79
2012 253.5 0.898319 $2.82
2013 257.6 0.898319 $2.87
2014 260.5 0.898319 $2.90
2015 268.8 0.898319 $2.99
2016 272.2 0.898319 $3.03
2017 274.8 0.898319 $3.06
2018 279.6 0.898319 $3.11
2019 284.5 0.898319 $3.17
2020 286.1 0.898319 $3.18
2021 290.6 0.898319 $3.24
2022 294.0 0.898319 $3.27
2023 294.9 0.898319 $3.28
2024 297.5 0.898319 $3.31
2025 302.1 0.898319 $3.36
2026 305.2 0.898319 $3.40
2027 309.0 0.898319 $3.44
2028 313.1 0.898319 $3.48
2029 316.0 0.898319 $3.52
2030 320.1 0.898319 $3.56
2031 323.5 0.898319 $3.60
2032 326.8 0.898319 $3.64
2033 330.1 0.898319 $3.68
2034 333.5 0.898319 $3.71
2035 336.8 0.898319 $3.75
2036 340.1 0.898319 $3.79
2037 343.5 0.898319 $3.82
2038 346.8 0.898319 $3.86
2039 350.1 0.898319 $3.90
2040 353.5 0.898319 $3.93
2041 356.8 0.898319 $3.97
2042 360.1 0.898319 $4.01
2043 363.5 0.898319 $4.05
2044 366.8 0.898319 $4.08
2045 370.1 0.898319 $4.12
2046 373.5 0.898319 $4.16
2047 376.8 0.898319 $4.19
2048 380.1 0.898319 $4.23
2049 383.5 0.898319 $4.27
2050 386.8 0.898319 $4.31
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Table 9. High Price Case Diesel Prices

EIA 2007 Annual Energy Outlook - 2030 - High Price Scenario

Diesel Price GDP Implicit Price
Year Forecast Deflator for 2005 | Diesel Price
2005

(cents/gallon) 2007=1.000000 [ $2007/gallon
2010 257.2 0.898319 $2.86
2011 257.2 0.898319 $2.86
2012 255.9 0.898319 $2.85
2013 260.5 0.898319 $2.90
2014 263.7 0.898319 $2.94
2015 269.0 0.898319 $2.99
2016 275.7 0.898319 $3.07
2017 278.5 0.898319 $3.10
2018 283.1 0.898319 $3.15
2019 282.0 0.898319 $3.14
2020 283.9 0.898319 $3.16
2021 286.3 0.898319 $3.19
2022 287.0 0.898319 $3.20
2023 287.4 0.898319 $3.20
2024 290.9 0.898319 $3.24
2025 293.8 0.898319 $3.27
2026 294.6 0.898319 $3.28
2027 29.0 0.898319 $3.30
2028 301.1 0.898319 $3.35
2029 301.2 0.898319 $3.35
2030 304.2 0.898319 $3.39
2031 306.5 0.898319 $3.41
2032 308.7 0.898319 $3.44
2033 3109 0.898319 $3.46
2034 3132 0.898319 $3.49
2035 3154 0.898319 $3.51
2036 317.7 0.898319 $3.54
2037 319.9 0.898319 $3.56
2038 3221 0.898319 $3.59
2039 324.4 0.898319 $3.61
2040 326.6 0.898319 $3.64
2041 328.9 0.898319 $3.66
2042 331.1 0.898319 $3.69
2043 3333 0.898319 $3.71
2044 335.6 0.898319 $3.74
2045 337.8 0.898319 $3.76
2046 340.1 0.898319 $3.79
2047 3423 0.898319 $3.81
2048 3445 0.898319 $3.84
2049 346.8 0.898319 $3.86
2050 349.0 0.898319 $3.89
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Table 10. Fuel Output for PHEV Scenarios

No PHEV Scenario | Low PHEV Scenario L2 L)Lt 3/ High PHEV Scenario
2010-2050 Scenario
Gasoline Diesel Gasoline Diesel Gasoline Diesel Gasoline Diesel
Total
Gallons Sold | 4,736,972 | 1,802,595 | 4,267,099 | 1,802,595 | 3,286,430 | 1,770,581 | 3,006,907 | 1,737,089
(Million)
Change in
Gallons Sold 0 0| -469,872 0 | -1,450,542 -32,014 | -1,730,065 -65,506
(Million)
% Change 0.0% 0.0% -11.0% 0.0% -44.1% -1.8% -57.5% -3.8%
Table 11. Present Value Results for Fuel Revenue, DR = 4.44%
Gasoline Revenue Diesel Revenue
Revenue
Results Medium Medium High
No PHEV | Low PHEV PHEV High PHEV | No PHEV | Low PHEV PHEV PHEV
PV of Total
(MM 2007) $3,015,839 | $2,698,219 | $2,035,093 | $1,842,621 $1,097,024 | $1,097,024 | $1,076,327 | $1,054,940
Change in
PV ($MM $0 -$317,621 -$980,747 -$1,173,218 $0 $0 -$20,696 -$42,084
2007)
% Change 0.0% -10.5% -32.5% -38.9% 0.0% 0.0% -1.9% -3.8%
Table 12. Present Values for Non-Fuel Revenue, DR = 4.44%
Revenue Non-Fuel Revenue
Results No PHEV | Low PHEV | Medium PHEV | High PHEV
PV of Total
49,514 748,2 4,4 1,013,21
(SMM 2007) $649,5 $748,293 $954,455 $1,013,218
Change in PV
77 4,942 7
(SMM 2007) $0 $98,779 $304,9 $363,705
% Change 0.0% 15.2% 46.9% 56.0%
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Table 13. Present Values for Total Revenue, DR = 4.44%

Revenue Total Revenue
Results No PHEV | Low PHEV | Medium PHEV | High PHEV
PV of Total
($MM 2007) $4,762,377 | $4,543,536 $4,065,875 $3,910,780
Change in PV
(SMM 2007) $0 $218,841 $696,501 $851,597
% Change 0.0% -4.6% -14.6% -17.9%
Table 14. Impact of Diesel Revenue on Revenue Losses
Gasoline Revenue Fuel Revenue
Revenue
Results Medium Medium
No PHEV | Low PHEV PHEV High PHEV | No PHEV | Low PHEV | PHEV | High PHEV
PV of Total
(§MM 2007) | $3:015:839 | $2,698,219 | $2,035,093 | $1,842,621 | $4,112,863 | $3,795,243 | $3,111,420 | $2,897,561
% Change 0.0% -10.5% -32.5% -38.9% 0.0% 7.7% 24.3% -29.5%
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