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ABSTRACT

For the 2009 Integrated Energy Policy Report, California Energy Commission staff developed
long-term forecasts of transportation fuel demand as well as projected ranges of transportation
fuel and crude oil import requirements. These forecasts support analysis of petroleum reduction
and efficiency measures, introduction and commercialization of alternative fuels, integration of
energy use and land use planning, and transportation fuel infrastructure requirements. The
projections and analysis indicate a potential need for targeted expansion of import
infrastructure, particularly marine import facilities, to offset declining in-state oil production
and growing demand in California, Nevada, and Arizona for transportation fuels. The
magnitude of future contributions from efficiency improvements and various emerging
transportation fuels and technologies is highly uncertain. Staff found that efficiency and
emerging fuels and technologies can potentially displace significant amounts of petroleum,
which will reduce the need for petroleum-specific infrastructure enhancements. However,
many of these alternative fuels, in particular renewable fuels, may also require their own
additional segregated import facilities, including pipelines and storage tanks. Moreover,
developing the means of distributing these emerging alternative fuels, particularly through
public retail refueling sites and home recharging systems, and aligning the development of
these refueling systems with the rollout of appropriate numbers of vehicles may prove to be a
challenge to industry and government.

KEYWORDS

California demand forecasts, transportation energy, gasoline, diesel, jet fuel, crude oil
production, renewable fuels, alternative fuels, fuel imports, crude oil imports, marine import
infrastructure, refining capacity, consumer preference, pipeline exports, retail refueling
infrastructure, fuel prices.
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EXECUTIVE SUMMARY
Background

Senate Bill 1389 (Bowen, Chapter 568, Statutes of 2002), requires the California Energy
Commission to conduct “assessments and forecasts of all aspects of energy industry supply,
production, transportation, delivery and distribution, demand, and prices to develop policies
for its Integrated Energy Policy Report.” The Energy Commission develops long-term projections
of California transportation energy demand that supports its analysis of petroleum reduction
and efficiency measures, introduction and commercialization of alternative fuels, integration of
energy use and land use planning, and transportation fuel infrastructure requirements.

This report summarizes the transportation energy demand forecasts, quantifies the petroleum
and petroleum product-equivalent supply needs to meet the forecasted transportation energy
demand, and identifies emerging constraints on transportation fuels infrastructure required to
meet California’s future transportation fuel demand. California’s petroleum infrastructure is
composed of the import and export system for petroleum, petroleum products, and renewable
blendstocks; in-state refineries; and the distribution and storage network, made up of pipelines,
trucks, rail, and storage tanks, that move petroleum, petroleum products, and renewable
blendstocks to and from in-state refineries and to the refueling infrastructure. Increasingly, this
transportation energy system will have to accommodate emerging renewable and alternative
fuels that have their own sources of supply, as well as separate import, distribution, and retail
refueling infrastructure.

While the Energy Commission expects consumption of transportation energy in California to
increase in the future under a variety of fuel price and regulatory conditions, there are
substantial uncertainties associated with the future contributions of various renewable and
alternative transportation fuels and technologies. These emerging fuels can potentially displace
significant amounts of petroleum, which can reduce the need for petroleum-specific
infrastructure enhancements. However, each of these alternative fuels has its unique set of
marketing, supply, infrastructure, and regulatory issues constraining market penetration.
Moreover, developing the means of distributing these emerging fuels through public retail
refueling sites and home recharging systems and aligning the development of these refueling
systems with the rollout of appropriate numbers of vehicles may prove to be a challenge to
industry and government.



Selected Findings

The following represent some of the more important findings from the supporting analyses.

Chapter 1 provides a more comprehensive summary listing.

Petroleum Transportation Fuels Demand Trends and Forecasts

California average daily gasoline demand for the first four months of 2009 is 2.1 percent
lower compared to the same period in 2008, continuing a declining trend since 2004.
Over the 12-month period from May 2008 through April 2009, gasoline demand is down
4.6 percent compared to the previous 12-month period.

California average daily diesel fuel demand for the first three months of 2009 is 7.7
percent lower compared to the same period in 2008, continuing a declining trend since
2007. Over the 12-month period from April 2008 through March 2009, diesel fuel
demand declined to 10.2 percent compared to the previous 12-month period.

Between 2005 and 2007, California jet fuel demand rose 5 percent, but from 2007 to 2008
declined 8.9 percent.

Between 2007 and 2030, staff estimates total annual gasoline consumption in California
to fall 33.6 percent in the low-demand case to 10.25 billion gallons, largely as a result of
high fuel prices, efficiency gains, and competing fuel technologies. This is a rather
dramatic decline in gasoline consumption but roughly corresponds to levels of gasoline
demand projected in the State Alternative Fuels Plan Moderate Case. In the high-demand
case, the recovering economy and lower relative prices lead to a gasoline demand peak
in 2016 of 15.25 billion gallons before consumption falls to a 2030 level of 13.87 billion
gallons, 10.4 percent below 2007 levels.

Between 2007 and 2030, staff expects total diesel demand in California to increase 7
percent in the low-demand case to 4.07 billion gallons and 16 percent in the high-
demand case to 4.42 billion gallons.

Between 2007 and 2030 staff expects that jet fuel demand in California will increase by
51.2 percent to 5.12 billion gallons in the low demand case, and 67.2 percent to 5.75
billion gallons in the high-demand case.

Renewable and Alternative Fuels
Ethanol

The federal Renewable Fuels Standards 2 will require more renewable fuels, primarily
ethanol, and to a lesser extent biodiesel. Under the Low Demand Case for gasoline, total
ethanol demand in California is forecast to rise from 1.2 billion gallons in 2010 to 2.1
billion gallons by 2020. Under the High-Demand Case for gasoline, total ethanol
demand in California is forecast to rise from 1.2 billion gallons in 2010 to 2.6 billion
gallons by 2020.



It is estimated that ethanol demand in California will exceed an average of 10 percent by
volume in all gasoline sales between 2012 and 2013, depending on the gasoline demand
growth rates. However, it is unlikely that the low-level ethanol blend limit in California
will be greater than the current 10 percent by volume (E10), even if the U.S.
Environmental Protection Agency ultimately grants permission for United States
refiners and marketers to go to E15.

Availability of E85 will need to increase dramatically to ensure that sufficient volumes of
E85 can be sold to keep pace with the Renewable Fuels Standards 2 requirements.
Assuming a 10 percent ethanol blend wall, E85 sales in California are forecast to rise
from 2 million gallons in 2010 to 1,389 million gallons in 2020 and 1,678 million gallons
by 2030 under the High Demand Case for gasoline. However, the pace of this expansion
may still not be enough to achieve compliance due to a variety of infrastructure
challenges and disincentives.

Depending on the amount of fuel sold for a typical E85 dispenser, California would
require between 3,000 and 19,000 E85 dispensers by 2020. To put that figure in
perspective, there were approximately 42,000 total retail fuel dispensers in the entire
state during 2008.

What type of base gasoline will be necessary to blend with ethanol to produce E85? If
the blendstock is something other than California reformulated blendstock for
oxygenate blending (CARBOB) for E10 blending, additional segregated storage tanks
would be required throughout the production and distribution infrastructure to
accommodate this new gasoline blendstock.

California’s number of registered flexible fuel vehicles must increase from a total of
382,000 vehicles in October 2008 to as many as 2.4 million flexible fuel vehicles by 2020
and 3.3 million by 2025 to help ensure that sufficient volumes of E85 can be sold to meet
growing mandated ethanol blending requirements.

The proposed Renewable Fuels Standards 2 regulations do not have any requirements
that retail station owners and operators make available E85 for sale to the public.
Refiners, importers, and blenders have an obligation to comply with the Renewable
Fuels Standards 2 requirements, but retail station operators do not have any obligation.
This is an apparent “disconnect” in the Renewable Fuels Standards 2 policy that could
easily result in a retail infrastructure that is inadequate to handle the necessary increase
in E85 sales.

It is unlikely that there will be sufficient cellulosic ethanol capacity in place to meet the
Renewable Fuels Standards 2 obligations in 2010. Therefore, U.S. Enviromental
Protection Agency should delay the cellulosic obligations until such time that
commercial production capacity is actually operational. Specifically, U.S. Environmental
Protection Agency could set the national cellulosic ethanol use requirement for each



January 1, based on the level of commercial-scale nameplate capacity of operating
facilities in North America as of the preceding July 1.

The Low Carbon Fuel Standard will change the mix of ethanol types that will be used in
California, namely ethanol from the Midwest will become more difficult to use, while
ethanol from Brazil (sugar cane-based) will become increasingly attractive. Although the
carbon intensity reductions of the Low Carbon Fuel Standard appear modest, the
anticipated trend of shifting from one type of ethanol to others will create potential
supply and logistical challenges that could be difficult to overcome and probably result
in higher compliance costs that will be passed along to consumers.

Blending ethanol in E85 (under most circumstances) can achieve full per-gallon
compliance with the Low Carbon Fuel Standard without requiring any off-setting
carbon credits. The only exceptions are California ethanol facilities that have dry
distillers grain with solubles co-products and certain sources of Midwest ethanol.

The Low Carbon Fuel Standard is expected to further complicate matters by pushing
obligated parties to select types of ethanol that have lower carbon intensities, such as
ethanol produced from sugarcane in Brazil. California’s logistical infrastructure for the
importation and re-distribution of ethanol will need to be modified to enable a greater
quantity and flexibility of ethanol imports within the next 6 to 18 months.

California’s ethanol import and redistribution infrastructure will need to change rather
quickly to accommodate the anticipated transition to 10 percent (E10) blending
beginning January 1, 2009. It is likely that an adequate infrastructure will be in place to
increase ethanol blending by over 50 percent (compared to 2009 levels).

If California were to transition to greater use of Brazilian ethanol, there are two
pathways for this foreign ethanol to enter California: marine vessels directly from Brazil
and rail shipments from another marine terminal outside California. Infrastructure
projects to accommodate both means of receipt are being pursued but have yet to begin
construction.

Biodiesel

A growing percentage of total U.S. biodiesel supply has been exported, rather than used
in domestic transportation fuels. Biodiesel exports have grown from nearly 9 million
gallons in 2004 to over 677 million gallons in 2008 due to more attractive wholesale
prices and U.S. exporters’ use of the dollar per gallon biodiesel blenders’ credit. In 2008
alone, export volumes represented 68 percent of total U.S. biodiesel supplies (production
combined with imports).

However, the continuous flow of biodiesel exports to Europe from the United States is
not expected to be maintained since the European Union has recently taken action to
apply a combination of import duties designed to compensate for the economic
advantage gained by United States biodiesel exporters from the dollar per gallon
blenders’ credit.



The Renewable Fuels Standards 2 regulations call for a minimum use of 1 billion gallons
per year of biomass-based diesel fuel by 2012. As of July 2009, there was more than 2.3
billion gallons of biodiesel production capacity for all operating United States facilities,
along with another 595 million gallons per year of idle production capacity, and another
289 million gallons per year capacity under construction. It appears as though there may
be sufficient domestic sources of biodiesel production facilities to meet the Renewable
Fuels Standards 2 requirements for several years.

Under the Low Diesel Demand Case, biomass-based diesel “fair share” (“fair share
refers to California’s fair share of renewable fuel consumption under the Renewable
Fuels Standards 2) ranges from 38 million gallons in 2010 to 57 million gallons by 2030.
Under the High Diesel Demand Case — biodiesel “fair share” ranges from 37 million
gallons in 2010 to 58 million gallons by 2030.

Currently, the biodiesel infrastructure is inadequate to accommodate widespread
blending of biodiesel even at concentrations as low as B5. However, with sufficient lead
time (12 to 24 months), distribution terminal modifications could be undertaken and
completed to enable an expansion of biodiesel use.

Other Alternative Fuels

Natural gas has demonstrated a broad range of transportation applications, including
light-, medium-, and heavy-duty uses in personal, transit, commercial, and freight roles,
although overall numbers of vehicles are relatively small. The technology has also
proven to have significant potential for carbon reduction, which can be further
developed by advances in biogas technology.

Lack of vehicle offerings, high vehicle cost and reduced range compared to gasoline
vehicles, consumer unfamiliarity with the technology, and the need for investment in
refueling infrastructure are among the more pressing impediments to developing
transportation natural gas potential.

Electric vehicle technology has the potential to significantly reduce carbon emissions
and petroleum use. Fuel costs can also be considerably less than conventional petroleum
fuels, taking into account the energy efficiency of the vehicle, especially given favorable
rates for time of use metering and designated second meters.

Consumer perceptions of electric vehicle technology vary widely. While full electric
vehicles are not generally viewed favorably, compared to gasoline vehicles, plug-in
hybrids appear to generate a much more positive impression.

Battery costs outweigh all other incremental cost factors in the production of these
vehicles and must be lowered to improve the commercial viability of the product.
Increased reliance on lithium-ion battery technology will necessitate more rigorous
assessment of the availability of lithium supply.



Not enough information on consumer acceptance, vehicle availability, and infrastructure
development is available to forecast future fuel cell vehicle purchases and hydrogen fuel
use at this time. Fuel cell vehicles need to be brought out of the research and
development stage to fully evaluate their commercial and environmental potential.

A wide variety of methods and feedstocks can be used in the production of hydrogen
fuel. GHG reduction factors are greatly influenced by the process used, but generally the
carbon and petroleum reduction potential is very high.

Standard measurements and fuel quality specifications need to be established to
promote the sale of hydrogen as a transportation fuel.

Crude Oil Import Forecast

California crude oil production continues to decline, despite record crude oil prices and
increased drilling activity greater than any point since 1985. Since 1986, California crude
oil production has declined by 41.4 percent; Alaska, by 63.2 percent; and the rest of the
United States, by 36.3 percent. Over the last 10 years, California’s crude oil production
has declined at an average rate of 3.2 percent per year. Between 2006 and 2008, the
decline rate is lower, averaging 2.2 percent per year.

In 2008, California refiners imported 406 million barrels of crude oil. Crude oil imports
are continuing to increase throughout the forecast period, requiring an expansion of the
existing crude oil import infrastructure to ensure a continued adequate supply of
feedstock to enable refiners to operate their facilities at levels sufficient to supply
California and the neighboring states with projected quantities of transportation fuels to
meet forecasted demand.

Under the Low Case projection, annual crude oil imports are forecast to increase by

34 million barrels between 2008 and 2015 (8.5 percent increase), by 55 million barrels by
2020 (13.6 percent increase), and by 91 million barrels by 2030 (22.5 percent increase
compared to 2008).

Under the High Case projection, annual crude oil imports rise by 70 million barrels
between 2008 and 2015 (17.3 percent increase), by 113 million barrels by 2020 (28 percent
increase) and by 190 million barrels by 2030 (47 percent increase compared to 2008).

Southern California will require an expansion of the existing crude oil import
infrastructure to avoid detrimental impact on refinery operations. Although progress
continues in developing Berth 408 in the Port of Los Angeles, the time required to obtain
all of the necessary permits to begin construction is now more than four years. In fact,
Plains All-American, a company engaged in the transportation, storage, terminalling
and marketing of crude oil and refined products, still does not have all of the requisite
approvals necessary for them to initiate construction.



Additional storage tank capacity would have to be constructed to handle the
incremental imports of crude oil, between 1.5 and 5.8 million barrels by 2015; between
2.4 and 9.5 million barrels by 2020; and between 4.0 and 15.9 million barrels of storage
capacity by 2030.

The continued decline of California’s crude oil production could be reversed through
increased exploration and drilling in state and federal waters, but any appreciable
impact on the level of imported oil would be at least a decade away. If the lifting of the
moratoria on Outer Continental Shelf drilling off the coast of California remains and
expanded exploration and development is allowed to proceed, crude oil production off
the coast could increase from 110,000 barrels per day in 2008 to approximately 310,000
barrels per day by 2020 and 480,000 barrels per day by 2030.

Petroleum Product Import Forecast

Pipelines that originate in California provide nearly 100 percent of the transportation
fuels consumed in Nevada. In 2006, approximately 55 percent of Arizona’s demand was
met by products exported from California. However, that percentage dropped to just 35
percent by 2008 as refiners and other marketers shifted source of supply from California
and Texas and New Mexico.

Over the near- and long-term forecast periods, transportation fuel demand growth in
Nevada and Arizona, taking into account East Line expansion plans, will place
additional pressure on California refineries and the California petroleum marine import
infrastructure system to provide adequate supplies of transportation fuels for this
regional market.

The continued growth of transportation fuel demand in Arizona and Nevada could
eclipse the capacity of some portions of the Kinder Morgan pipeline distribution system
during the forecast period, absent additional expansions. Most segments are not
expected to exceed maximum pumping capacity over the forecast period due to the
recent, significant drop in transportation fuel demand and lower demand outlooks
linked to increased use of renewable fuels and improved fuel economy standards for
motor vehicles.

Under the High Import Case analysis, California imports of gasoline are forecast to
decrease significantly over the next 15 years, while imports of diesel and jet fuel would
still rise to keep pace with growing demand for those products. Under the Low Import
Case scenario, the growing imbalances between gasoline and the other transportation
fuels are even more extreme, resulting in a net decline of imports of at least a 250,000
barrels per day by 2015. This latter type of outcome is unlikely to materialize as refiners
will adjust operations to decrease the ratio of gasoline components that are produced for
each barrel of crude oil processed.






CHAPTER 1: Introduction To Transportation Energy
Forecasts

Transportation Energy Analyses

As required by SB 1389, the California Energy Commission conducts “assessments and forecasts
of all aspects of energy industry supply, production, transportation, delivery and distribution,
demand, and prices.” The Energy Commission reports these assessments and forecasts in its
Integrated Energy Policy Report (IEPR), which it adopts every odd-numbered year (Public
Resources Code [PRC] §25302[d]).

Transportation energy demand and fuel price forecasts support several state energy policy and
program activities, including the alternative vehicle and fuel technology analysis mandated by
Assembly Bill 1007 (Pavley, Chapter 371, Statutes of 2005); petroleum use reduction and
efficiency assessments; land use planning analysis; and transportation energy infrastructure
requirements assessment. Since the 2007 IEPR, Senate Bill 375 (Steinberg, Chapter 728, Statutes
of 2008); has been signed into law, the Low Carbon Fuel Standards (LCFS) have been adopted
by the California Air Resources Board (ARB), and the 2009 American Recovery ans
Reinvestment Act (ARRA) was enacted which included multiple elements to advance energy
efficiency and alternative fuel and vehicle technologies. SB 375 links greenhouse gas (GHG)
reductions with transportation funding, land use planning, and housing policy, which in turn
requires more integration of land use and transportation models. The LCFS sets carbon
reduction standards that will affect the types of fuels that can be sold in California, particularly
renewable fuels. The federal stimulus bill has increased the incentives available to higher
efficiency and alternative fuel technologies.

While the Energy Commission expects consumption of transportation energy in California to
increase in the future under a variety of fuel price and regulatory conditions, there are
substantial uncertainties associated with the future contributions of various renewable and
alternative transportation fuels and technologies. These emerging fuels can potentially displace
significant amounts of petroleum, which can reduce the need for petroleum-specific
infrastructure enhancements. However, each of these alternative fuels has its own unique set of
supply, infrastructure, and regulatory issues constraining market penetration. Moreover,
developing the means of distributing these emerging fuels through public retail refueling sites
and home recharging systems and aligning the development of these refueling systems with the
rollout of appropriate numbers of vehicles may prove to be a challenge to industry and
government. These issues will be discussed in Chapter 3.

This staff draft report provides preliminary transportation energy analyses for the 2009 IEPR
with a focus on the implications of future transportation energy demand for California’s
existing transportation fuels marine import facilities, as well as the state’s retail refueling
infrastructure. Available time and resources dictate that staff focuses on those issues that appear
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to have the most pressing near-term consequences, namely the intersection of complex state and
federal renewable fuel rules that prescribe percentages and volumes of renewable fuels
consumed, particularly ethanol. Staff has attempted to incorporate additional alternative fuel
vehicles and technologies, as compared with the staff report for the 2007 IEPR," but technical
and data constraints have limited the quantitative analysis for this draft report.
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Figure 2.1: Transportation Energy Data Flow Diagram
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Summary of Staff Findings

The outlook for the adequacy of California’s petroleum transportation fuel import
infrastructure has improved slightly since publication of the 2007 IEPR. This has occurred
because of lower expectations of demand for these fuels due to general economic factors, higher
fuel prices, and policies intended to reduce petroleum consumption. At the same time, other
issues have risen with respect to meeting new state and federal low carbon and renewable fuel
standards, as well as the sufficiency of supply and adequacy of import and distribution
infrastructure for renewable and alternative fuels.

Numerous uncertainties can affect these estimates of future import and distribution
infrastructure needs, including changes in fuel prices, rates of adoption of new technologies and
alternative fuels, demand for fuels in California and neighboring states, decline rates of oil
production in California, refinery and other infrastructure capacity expansions, and GHG
reduction rules and standards. Moreover, as with all technical analysis, uncertainties will also
be introduced with the use of forecasting models and other analytical tools, including the use of
surveys and other data sources to calibrate and estimate models and the use of forecasts of
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input variables by other organizations. However, potential supply and capacity shortfalls lead
staff to conclude that specific kinds of import and refueling infrastructure capacity expansions
may need to occur to prevent economic losses to state consumers.

Staff has generated two crude oil price scenarios, representing plausible and sustainable long-
term low and high crude oil prices. Each of these two crude price paths is also associated with a
low and high price band for ethanol, natural gas, and electricity, generating four fuel price cases
from the possible combinations. From these cases, the highest and lowest petroleum demand
cases were analyzed for their compliance with existing low carbon and renewable fuels
standards and impacts on import and distribution infrastructure. In the summary findings
below, the highest and lowest expected demand levels for the petroleum fuels are reported as a
range. On the supply side, staff developed high and low cases of crude oil and fuel import
requirements that vary according to assumptions about crude oil production, refinery and
pipeline expansion projects, port and marine terminal capacities, and California and
neighboring state fuel demand. Staff also identified and attempted to quantify other factors that
will affect the forecast of imports requirements. Findings that result from the development of
these forecasts and analyses include the following:

Trends in Transportation

e Between 2009 and 2030, population is forecast to increase at an annual compound
average rate of 1.1 percent, compared with a growth rate of 2.9 percent in real personal
income over the same period. These rates of growth will result in substantial increases in
travel demand for California.

e While projected population growth to 2030 has remained the same between the 2007 and
2009 forecasts, non-farm employment projections have been lowered in the 2009
forecast, resulting in a sharp decline in the percentage of California population
employed.

e Between 2001 and 2008 the number of all alternative fueled vehicle types has increased
in the state at rates substantially greater than for gasoline vehicles. This growth is
particularly pronounced for hybrid electric vehicles at 75 percent over this period.

e Between 2004 and 2008 the percentage of new light-duty vehicle sales that were small
and large cars grew significantly, with corresponding decreases in the shares of trucks
and sport utility vehicles.

e The 2008 CVS verifies the significant impact of distance to work and availability of
transit on vehicle miles traveled. Therefore, changes in land use patterns that reduce the
distance between locations of job and residence, and increase the availability of urban
transit, will reduce vehicle miles traveled and transportation fuel consumption per
capita. Fuel costs have a significant influence on both vehicle choice and vehicle miles
traveled.
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Between 2000 and 2008, the percentage of medium- and heavy-duty vehicles fueled by
gasoline has fallen from 52 percent to less than 39 percent, with most of their share being
taken over by diesel vehicles. Among alternative fuels, natural gas vehicles have built
the largest share at slightly over 1 percent.

Substantial growth in import container traffic at California ports has been an important
factor in freight transportation energy use since 2000. However, the economic downturn
has caused a decline of 20.3 percent in container traffic in 2008 compared to 2007.

Data through the week ending August 1, 2009, show that rail carload activity is down 19
percent compared to the same period in 2008. Intermodal rail activity is also down 17.2
percent compared to last year, while estimated ton-miles of rail activity declined 18.1
percent compared to 2008. Domestic trucking activity is down 13.6 percent in June 2009
when compared to June 2008.

California average daily gasoline demand for the first four months of 2009 is 2.1 percent
lower compared to the same period in 2008, continuing a declining trend since 2004.
Over the 12 month period of May 2008 through April 2009, gasoline demand is down 4.6
percent compared to the previous 12-month period.

California average daily diesel fuel demand for the first three months of 2009 is 7.7
percent lower compared to the same period in 2008, continuing a declining trend since
2007. Over the 12-month period of April 2008 through March 2009, diesel fuel demand is
down 10.2 percent compared to the previous 12-month period.

Between 2005 and 2007, California jet fuel demand rose 5 percent, but from 2007 to 2008
declined 8.9 percent.

Among 45 California transit agencies for which data was available from the American
Public Transportation Association (APTA), ridership increased by 2.2 percent, to 1.34
billion trips, between 2007 and 2008.

Petroleum Transportation Fuel Demand Forecasts

Between 2007 and 2030, staff expects total annual gasoline consumption in California to
fall 33.6 percent in the low demand case to 10.25 billion gallons, largely as a result of
high fuel prices, efficiency gains, and competing fuel technologies. This is a rather
dramatic decline in gasoline consumption but roughly corresponds to levels of gasoline
demand projected in the State Alternative Fuels Plan Moderate Case. In the high demand
case, the recovering economy and lower relative prices lead to a gasoline demand peak
in 2016 of 15.25 billion gallons before falling to a 2030 level of 13.87 billion gallons, 10.4
percent below 2007 levels.

Between 2007 and 2030, staff expects total diesel demand in California to increase
7 percent in the low demand case to 4.07 billion gallons and 16 percent in the high
demand case to 4.42 billion gallons.

13



Between 2007 and 2030 staff expects that jet fuel demand in California will increase by
51.2 percent to 5.12 billion gallons in the low demand case, and 67.2 percent to 5.75
billion gallons in the high demand case.

Renewable and Alternative Fuels
Ethanol

Renewable Fuels Standards 2 (RFS2) will require greater use of renewable fuels,
primarily ethanol and, to a lesser extent, biodiesel.

Under the Low Demand Case for gasoline, total ethanol demand in California is forecast
to rise from 1,208 million gallons in 2010 to 2,108 million gallons by 2020.

Under the High Demand Case for gasoline, total ethanol demand in California is
forecast to rise from 1,245 million gallons in 2010 to 2,550 million gallons by 2020.

It is estimated that ethanol demand in California will eclipse an average of 10 percent by
volume in all gasoline sales by between 2012 and 2013, depending on the gasoline
demand growth rates.

It is unlikely that the low-level ethanol blend limit in California will be greater than the
current 10 percent by volume (E10), even if the United States Environmental Protection
Agency (U.S. EPA) ultimately grants permission for United States refiners and
marketers to go to E15.

Availability of E85 will need to increase dramatically to ensure that sufficient volumes of
E85 can be sold to keep pace with RFS2 requirements. Assuming a maximum 10 percent
ethanol content in gasoline, E85 sales in California are forecast to rise from 2 million
gallons in 2010 to 1,389 million gallons in 2020 and 1,678 million gallons by 2030 under
the High Demand Case for gasoline. However, the pace of this expansion may be
inadequate to achieve compliance due to a variety of infrastructure challenges and
disincentives.

Depending on the amount of fuel sold for a typical E85 dispenser, California would
require between 3,000 and 19,000 E85 dispensers by 2020. To put that figure in
perspective, there were approximately 42,000 total retail fuel dispensers in the entire
state during 2008.

What type of base gasoline will be necessary to blend with ethanol to produce E85? If
the blendstock is something other than California Reformulated Blendstock for
Oxygenate Blending (CARBOB) for E10 blending, additional segregated storage tanks
would be required throughout the production and distribution infrastructure to
accommodate this new gasoline blendstock.

California’s number of registered flexible fuel vehicles (FFVs) will need to increase from
a total of 382,000 vehicles in October 2008 to as many as 2.4 million FFVs by 2020 and 3.3
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million by 2025 to help ensure that sufficient volumes of E85 can be sold to meet
growing mandated ethanol blending requirements.

The proposed RFS2 regulations do not have any requirements that retail station owners
and operators make available E85 for sale to the public. Refiners, importers, and
blenders have an obligation to comply with the RFS2 standards, but retail station
operators do not have any obligation. This is an apparent “disconnect” in the RFS2
policy that could easily result in a retail infrastructure that is inadequate to handle the
necessary increase in E85 sales.

EB85 retail infrastructure is expensive. Costs for installing a new underground storage
tank (UST), dispenser, and appurtenances range between $50,000 and $200,000. This
level of investment is between 1.5 and 6 times greater than the total annual profit of a
typical retail station (for both fuel and non-fuel commodities).

Regulations adopted by ARB designed to reduce emissions from new vehicle models
(both tailpipe and evaporative), along with revised zero emission vehicle (ZEV)
standards will require automobile manufacturer compliance with more stringent
emission standards and growing percentage of ZEV and partial zero emission vehicle
(PZEV) sales. Both of these sets of standards will create significant challenges for greater
introduction of FFVs.

It is possible that vehicle manufacturer marketing decisions might preclude FFVs,
setting the stage for a potential shortfall of new FFV vehicle availability in California in
sufficient numbers to help meet compliance with the RFS2 renewable fuel obligations.

Ethanol producers prefer to sell into the low-blend market of E6 or E10 due to higher
likelihood of receiving near-gasoline prices. The E85 market is a less desirable outlet for
their ethanol production, hence the reason ethanol producers support raising the ethanol
“blend wall” from E10 to E15.

Due to the lower energy content of a gallon of E85 versus a gallon of E10 (approximately
22 to 28 percent), ethanol suppliers and retailers will likely need to sell their product at a
discount to achieve necessary sales volumes. This market differentiation will exacerbate
current poor ethanol production economics.

Renewable Identification Number (RIN) credit levels may not be sufficient to overcome
the economic value of the fuel economy differential, even if one assumes that the
blenders receiving the RIN credit revenue will be willing to pass some of that money
back through to ethanol producers in the form of higher wholesale ethanol prices.

As California sales of E85 increase, there should be steps taken to help ensure that FFV
motorists are receiving adequate pricing information at retail stations to put them in a
position of making more informed fuel purchase decisions. An example of increased
consumer information would be an expansion of the California Division of
Measurement Standards (DMS) posted retail price standards to include some form of
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energy-equivalent or fuel economy-equivalent pricing information at all retail stations
offering E85 in California.

LCFS will change the mix of ethanol types that will be used in California, namely corn-
based ethanol from the Midwest will become increasingly difficult to use, while ethanol
from Brazil (sugar cane-based) will become increasingly attractive.

Although the carbon intensity reductions of the LCFES appear modest, the anticipated
trend of shifting from one type of ethanol to others will create potential supply and
logistical challenges that could be difficult to overcome and probably result in higher
compliance costs that will be passed along to consumers.

Brazilian ethanol may be blended in E10 for several years (up through 2016) without
carbon credit offsets. California ethanol is viable in E10 blends for up to four years
before it would need to be exported for use outside California or blended as E85. Finally,
Midwest ethanol blending would be most limited, only able to be blended for a couple
of years assuming the ethanol plant had wet distillers grain with solubles (DGS) as a co-
product.

Blending ethanol in E85 (under most circumstances) can achieve full per-gallon
compliance with the LCFS without the need for any offsetting carbon credits. The only
exceptions are California ethanol facilities that have dry DGS co-products and certain
sources of Midwest ethanol.

Additional pathways with lower carbon intensities (CI) can extend the length that
ethanol can be used in gasoline blends for either E10 or E85. Verification of lower CI
pathways is expected to continue over the next couple of years. This is especially the
case once cellulosic ethanol and diesel fuel production is achieved and verified on a
commercial scale.

As of June 2009 there was an estimated 2.2 billion gallons of surplus ethanol production
capacity in the United States. Production capacity of conventional ethanol is expected to
be adequate over the next several years as facilities resume operations and new
producers come on-line after completing their construction projects.

It is unlikely that there will be sufficient cellulosic ethanol capacity in place to meet the
RFS2 obligations in 2010. Therefore, the U.S. EPA should delay the cellulosic obligations
until such time that commercial production capacity is actually operational. Specifically,
the U.S. EPA could set the national cellulosic ethanol use requirement for each January
1, based on the level of commercial-scale nameplate capacity of operating facilities in
North America as of the preceding July 1.

Currently, five of the six California ethanol facilities are idle with a collective production
capacity of nearly 240 million gallons per year. These facilities are expected to resume
operations sometime during 2010, if not earlier.
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Production of ethanol in Brazil is primarily determined by interrelationship between
sugar market values and local renewable transportation demand. There may or may not
be ample excess supplies of ethanol available to export from Brazil any given year.

Brazilian exporters of ethanol to the United States must pay two types of import tariffs
that total nearly 60 cents per gallon. Removing the tariff could reduce the price of
ethanol in the United States by 2.5 to 14 percent, a potential benefit to consumers.

The amount of excess ethanol that may be available to import from Brazil over the next
several years is forecast to grow to between 1.9 and 3.2 billion gallons by 2015.

Market price for Brazil ethanol imports is expected to command a premium to
California-sourced ethanol, which should be more valuable than conventional corn-
based ethanol produced outside the state. The anticipated higher, yet unknown, prices
are assumed to be passed along to consumers.

The LCFS is expected to further complicate matters by pushing obligated parties to
select types of ethanol that have lower carbon intensities, such as ethanol produced from
sugar cane in Brazil. California’s logistical infrastructure for the importation and re-
distribution of ethanol will need to be modified to enable a greater quantity and
flexibility of ethanol imports within the next 6 to 18 months.

Currently, most of the ethanol used in California is imported from corn-based ethanol
plants in the Midwest.

California’s ethanol import and redistribution infrastructure will need to change rather
quickly to accommodate the anticipated transition from E6 to E10 blending beginning
January 1, 2010. It is likely that an adequate infrastructure will be in place to increase
ethanol blending by more than 50 percent (compared to 2009 levels).

If California were to transition to greater use of Brazilian ethanol, there are two
pathways for this foreign ethanol to enter California: marine vessels directly from Brazil;
and rail shipments from another marine terminal outside California. Infrastructure
projects to accommodate both means of receipt are being pursued but have yet to begin
construction.

Agriculture

As the demand for mandated use of ethanol continues to grow, so too does the demand
for corn as a feedstock. The portion of corn required to produce ethanol has been
increasing at an accelerated pace and accounted for approximately 32.3 percent of
domestic corn use in 2008.

However, near-continuous yield improvement (as measured in bushels harvested per
acre) through improved agricultural practices have enabled greater production of corn
without any significant expansion of the number of acres planted.
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e Corn yields are forecast to rise from 153.8 bushels per acre harvested in 2008 to 175.0
bushels per acre by 2018, an increase of 13.8 percent. According to the United States
Department of Agriculture (USDA), the quantity of corn for production of fuel ethanol is
forecast at 4.825 billion bushels for market year 2015/16, compared to 3.27 billion bushels
in 2008.

Biodiesel

e Biodiesel exports have grown from nearly 9 million gallons in 2004 to over 677 million
gallons in 2008 due to more attractive wholesale prices and U.S. exporters” use of the
dollar per gallon biodiesel blenders’ credit.

e A growing percentage of total U.S. biodiesel supply has been exported, rather than used
in domestic transportation fuels. In 2008 alone, export volumes represented 68 percent of
total United States biodiesel supplies (production combined with imports).

e However, the continuous flow of biodiesel exports to Europe from the United States is
not expected to be maintained since the European Union has recently taken action to
apply a combination of import duties designed to compensate for the economic
advantage gained by U.S. biodiesel exporters from the dollar per gallon blenders’ credit.

e Absent the large increase of biodiesel exports, blending levels in the United States could
have increased to an average of 1.29 percent during 2008, rather than the actual 2008
average of 0.61 percent.

e Assuming biodiesel fuel blends in California do not exceed the B20 level over the
foreseeable future, retail station modifications should be negligible to accommodate
such increased concentrations.

e There has been no quantitative analysis performed to determine how the volumes and
types of biodiesel used in California could change as a consequence of the LCFS. When
additional carbon intensity pathways for various types of biodiesel are published, the
Energy Commission will conduct additional analysis to identify any potential supply or
infrastructure issues that could result over the near to mid-term period.

e Under the Low Diesel Demand Case — biodiesel “fair share” ranges from 38 million
gallons in 2010 to 57 million gallons by 2030. Under the High Diesel Demand Case —
biodiesel “fair share” ranges from 37 million gallons in 2010 to 58 million gallons by
2030.

e The RFS2 regulations call for a minimum use of 1 billion gallons per year of biomass-
based diesel fuel by 2012. As of July 2009, there was more than 2.3 billion gallons of
biodiesel production capacity for all operating United States facilities, along with
another 595 million gallons per year of idle production capacity, and another 289 million
gallons per year capacity under construction. It appears as though there may be
sufficient domestic sources of biodiesel production facilities to meet the RFS2
requirements for several years.

18



The biodiesel infrastructure in California has not been developed to the same extent as
that of ethanol primarily because there has not been any meaningful increase in the use
of biodiesel to date.

Currently, the biodiesel infrastructure is inadequate to accommodate widespread
blending of biodiesel even at concentrations as low as B5. However, with sufficient lead
time (12 to 24 months), modifications could be undertaken and completed to enable an
expansion of biodiesel use.

Distribution terminal modifications will need to be made over the near to mid-term to
help ensure sufficient volumes of biodiesel will be available for blending with
conventional diesel fuel.

Natural Gas

Natural gas has demonstrated a broad range of transportation applications, including
light-, medium-, and heavy-duty uses in personal, transit, commercial, and freight roles,
although overall numbers of vehicles are relatively small. The technology has also
proven to have significant potential for carbon reduction, which can be further
developed by advances in biogas technology.

Lack of vehicle offerings, high vehicle cost and reduced range compared to gasoline
vehicles, consumer unfamiliarity with the technology, and the need for investment in
refueling infrastructure are among the more pressing impediments to developing
transportation natural gas potential.

Current public refueling infrastructure varies widely by region. Initially, infrastructure
development should be matched geographically with locations of greatest vehicle
density.

Developments that could stimulate transportation natural gas uses include new utility
rate structures for home refueling, improved on-board storage technology, new hybrid
natural gas technology, and use of carbon credits in investment plans.

Impacts on the natural gas supply system of increased transportation consumption, as
well as other potential competing uses, will need to be more carefully evaluated.

Electricity

Electric vehicle technology has the potential to significantly reduce carbon emissions
and petroleum use. Fuel costs can also be considerably less than conventional petroleum
fuels, taking into account the energy efficiency of the vehicle, especially given favorable
rates for time of use metering and designated second meters.

Consumer perceptions of electric vehicle technology vary widely. While full electric
vehicles (FEVs) are not generally viewed favorably, plug-in hybrids appear to generate a
much more positive impression, compared to gasoline vehicles.
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Much more effort should be focused on development of residential refueling
infrastructure. Standardized methods and equipment for the powering of these FEVs
and plug-in hybrid electric vehicles (PHEVs) need to be established and training for
technicians in installation and servicing needs to be more widely available.

Battery costs outweigh all other incremental cost factors in the production of these
vehicles and must be lowered to improve the commercial viability of the product.
Increased reliance on lithium-ion battery technology will necessitate more rigorous
assessment of the availability of lithium supply.

Impacts on the electricity supply system of widespread adoption of electric
transportation technology will also need to be more carefully evaluated.

Hydrogen

Not enough information on consumer acceptance, vehicle availability, and infrastructure
development is available to forecast future fuel cell vehicle purchases and hydrogen fuel
use at this time. Fuel cell vehicles need to be brought out of the research and
development stage to fully evaluate their commercial and environmental potential.

A wide variety of methods and feedstocks can be used in the production of hydrogen
fuel. GHG reduction factors are greatly influenced by the process used, but generally the
carbon and petroleum reduction potential is very high.

Standard measurements and fuel quality specifications need to be established to
promote the sale of hydrogen as a transportation fuel.

Crude Oil Import Forecast

California crude oil production continues to decline, despite record crude oil prices and
increased drilling activity greater than any point since 1985. Since 1986, California crude
oil production has declined by 41.4 percent; Alaska, by 63.2 percent; and the rest of the
United States, by 36.3 percent. Over the last 10 years, California’s crude oil production
has declined at an average rate of 3.2 percent per year. Between 2006 and 2008, the
decline rate is lower, averaging 2.2 percent per year.

Between 2001 and 2008, California refinery creep (the gradual growth of California
refinery capacity to process crude oil) for crude oil distillation capacity increased at an
average rate of 0.84 percent per year. Between 2003 and 2008, the refinery creep rate was
a little more than half that level at 0.45 percent per year.

In 2008, California refiners imported 406 million barrels of crude oil. Crude oil imports
are continuing to increase throughout the forecast period, necessitating an expansion of
the existing crude oil import infrastructure to ensure a continued adequate supply of
feedstock to enable refiners to operate their facilities at levels sufficient to supply
California and the neighboring states with projected quantities of transportation fuels to
meet forecasted demand.
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Under the Low Case projection, annual crude oil imports are forecast to increase by

34 million barrels between 2008 and 2015 (8.5 percent increase), by 55 million barrels by
2020 (13.6 percent increase), and by 91 million barrels by 2030 (22.5 percent increase
compared to 2008).

Under the High Case projection, annual crude oil imports rise by 70 million barrels
between 2008 and 2015 (17.3 percent increase), by 113 million barrels by 2020 (28.0
percent increase), and by 190 million barrels by 2030 (47.0 percent increase compared to
2008).

Southern California is forecast to require an expansion of the existing crude oil import
infrastructure to avoid detrimental impact on refinery operations. Although progress
continues with regard to developing Berth 408 in the Port of Los Angeles, the time
required to obtain all of the necessary permits to begin construction has been stretched
to more than four years. In fact, Plains All-American still does not have all of the
requisite approvals necessary for them to initiate construction.

The increased imports of crude oil are expected to result in a greater number of marine
vessels (referred to as crude oil tankers) arriving in California ports, 17 to 100 additional
crude oil tanker arrivals per year by 2015, 28 to 162 by 2020, and 46 to 272 additional
arrivals per year by 2030.

Additional storage tank capacity would have to be constructed to handle the
incremental imports of crude oil, between 1.5 and 5.8 million barrels by 2015; between
2.4 and 9.5 million barrels by 2020; and between 4.0 and 15.9 million barrels of storage
capacity by 2030.

The continued decline of California’s crude oil production could be reversed through
increased exploration and drilling in state and federal waters, but any appreciable
impact on the level of imported oil would be at least a decade away. If the lifting of the
moratoria on Outer Continental Shelf (OCS) drilling off the coast of California remains
and expanded exploration and development is allowed to proceed, crude oil production
off the coast could increase from 110,000 barrels per day in 2008 to approximately
310,000 barrels per day by 2020 and 480,000 barrels per day by 2030.

If such an expanded drilling scenario were to be pursued by federal, state, and local
governments, a new infrastructure of offshore oil production platforms, interconnecting
pipelines, crude oil trunk lines, and pump stations would likely be required to achieve
this forecast level of incremental crude oil production. It is unknown what portion of the
untapped economically recoverable crude oil OCS reserves are close to any of the
existing 22 offshore platforms (in federal OCS waters) such that directional drilling
could be employed to increase production without constructing any new platforms and
associated infrastructure.

Even under this expanded federal OCS drilling scenario, California refiners would still
need to import additional quantities of crude oil for the scenario that includes 0.45
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percent per year refinery creep. However, the quantities required would be 16 to 22
percent lower than the initial crude oil import forecast by 2015, 80 to 119 percent lower
by 2020, and 80 to 168 percent lower compared to the forecasted level of imports for
2030. This means that under the zero refinery capacity creep scenario, the expanded
tederal OCS drilling could decrease crude oil imports from 2008, but certainly not
eliminate crude oil imports.

If the Tranquillon Ridge Project were to move forward, offshore crude oil production
from Platform Irene could increase by up to 28,000 barrels per day within one or two
years. However, this increased crude oil supply from local sources will only reduce the
forecasted level of crude oil imports in 2015 by 13 to 27 percent and in 2020 by 9 to 18
percent.

Although an expansion of the federal Strategic Petroleum Reserve to the West Coast is
not being actively pursued by Congress or the United States Department of Energy
(U.S. DOE), the placement of strategic crude oil storage in California could decrease the
likelihood of refinery production decline in the event of a temporary loss of crude oil
deliveries to California. There has been no engineering analysis performed to date for
quantifying an estimated range of cost for such a project.

Petroleum Product Import Forecast

Pipelines that originate in California provide nearly 100 percent of the transportation
tuels consumed in Nevada. In 2006, approximately 55 percent of Arizona’s demand was
met by products exported from California. However, that percentage dropped to just 35
percent by 2008 as refiners and other marketers shifted source of supply away from
California and over to Texas and New Mexico.

Over the near- and long-term forecast periods, transportation fuel demand growth in
Nevada and Arizona, taking into account East Line expansion plans, will place
additional pressure on California refineries and the California petroleum marine import
infrastructure system to provide adequate supplies of transportation fuels for this
regional market.

The continued growth of transportation fuel demand in Arizona and Nevada could
eclipse the capacity of some portions of the Kinder Morgan pipeline distribution system
during the forecast period, absent additional expansions. Most segments are not
expected to exceed maximum pumping capacity over the forecast period due to the
recent, significant drop in transportation fuel demand and lower demand outlooks
linked to increased use of renewable fuels and improved fuel economy standards for
motor vehicles.

Under the High Import Case analysis, California imports of gasoline are forecast to
decrease significantly over the next 15 years, while imports of diesel and jet fuel would
still need to rise to keep pace with growing demand for those products. Under the Low
Import Case scenario, the growing imbalances between gasoline and the other
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transportation fuels are even more extreme, resulting in a net decline of imports of at
least a quarter million barrels per day by 2015. It is recognized that this latter type of
outcome is unlikely to materialize as refiners will adjust operations to decrease the ratio
of gasoline components that are produced for each barrel of crude oil processed.
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CHAPTER 2: Transportation Fuel Demand Trends and
Forecasts

This chapter provides information on current economic, demographic, and transportation-
related demand trends, as well as staff’s proposed California transportation fuel demand cases
for the 2009 IEPR. Since these projections are based on updated input data and models, the
uncertainties in the input values used in the demand models will also be discussed briefly.

California’s transportation fuel demand has changed over time in response to growth in
population, variation in fuel prices, evolving vehicle and fuel technologies, the health of the
economy, and environmental regulations. These changes have collectively influenced both
vehicle choice and driving behavior. Among the more important recent factors are the 2008
crude oil and fuel price volatility and recessionary economic conditions. For example, crude oil
prices rose to over $140 per barrel in July 2008, before declining sharply to a level below $30 in
December, but have since roughly doubled again to over $60 during July 2009. At its highest
peak, in June 2008, the United States Energy Information Administration (U.S. EIA) reports the
average price of California regular-grade motor gasoline was $4.48 per gallon. By December
2008 the price fell to $1.82, before rising again to $2.92 in June 2009. According to adjusted
California Board of Equalization (BOE) data, California sales of gasoline fell by 6.3 percent from
2004 to 2008.

Forecast Uncertainties

In addition to uncertainties inherent in the data and specifications used in any forecasting
model, there are uncertainties associated with the use of other public or private sector forecasts
as inputs to these models. Changes in the regulatory environment, land use patterns, and fuel
and vehicle technology, as well as the unusual transportation fuel price fluctuations add to the
uncertainties of fuel demand forecasts.

Increasing environmental concerns have led California to assess and adopt a number of rules
and regulations aimed at reducing harmful emissions. The latest in a series of rules and
regulations is the adoption of low carbon fuel standard (LCFS). These California rules, to be
fully enforced in 2012, will require all participants in the transportation fuels market to reduce
carbon intensity measured by the sum of GHG emissions in all stages of transportation fuel
production and consumption. This will involve different measures including the greatly
increased use of alternative fuels and vehicle technology. By enhancing the existing surveys and
models, staff has attempted to assess the markets for more vehicles and transportation fuels that
can emerge to serve as alternatives to conventional petroleum fuels and vehicles. The absence of
a long enough history and wide enough markets for these alternative and emerging vehicles
and transportation fuels has limited consensus and added to the uncertainties associated with
staff’s analysis, beyond the uncertainties introduced by current economic conditions.

Uncertainties associated with crude oil and fuel price forecasts and the regulatory environment
are addressed with scenario building, but manufacturer product offerings and economic and
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demographic projections are input into the model without expressly accounting for their
inherent uncertainties. Potential changes in land use patterns and varying development of
refueling infrastructure will also add to the uncertainties of the transportation fuel demand
forecasts. The following section will outline some of the important projections used as inputs
into the forecasts and discuss a few of their implications.

Current Transportation Trends and Projections of Input
Variables

In this section staff provides information and data on trends of various transportation demand-
related indicators, as well as economic, demographic, and other variables. The section also
provides information on projections of important variables used as inputs for modeling
transportation energy demand.

Actual and Projected Demographic and Economic Trends Related to Fuel
Demand Forecasts

Between 1990 and 2008, California’s population and personal income increased by 28 and 60
percent, respectively. Over the next 20 years (2009 to 2029), the California Department of
Finance (DOF) and Moody’s forecast growth of 25 and 76 percent, respectively, in California’s
population and income. Figure 2.1 shows actual and forecast data on personal income and
population over the 1998-2030 periods. Between 2009 and 2030, population will increase at an
annual compound average rate of 1.1 percent, compared with a growth rate of 2.9 percent in
real personal income over the same period. These rates of growth remain significant and will
result in substantial increases in travel demand for California.

Figure 2.1: California Population and Income History and Forecasts 1998 to 2030
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From 1998 to 2008 California’s Gross State Product (GSP) increased by 40 percent in real terms,
rising from $1.3 trillion to $1.82 trillion (2007 dollars). Employment growth was much less
pronounced during the same period and shows historical growth of 10 percent from 1998 and
2008. Figure 2.2 reflects the impact of recession on the 2009 and 2010 GSP and employment
forecasts. Between 2008 and 2009 both GSP and employment declined, by 2.07 and 4.27 percent,
respectively, and only GSP is projected to return to a positive growth by 2010.

Figure 2.2: California GSP and Employment History and Forecasts, 1998 to 2030
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Figure 2.3 shows the relationship between California’s population and non-farm employment.
This suggests that the forecasted growth in non-farm employment will not keep pace with the
growth in population over the same period. Non-farm employment is projected to grow 20
percent during the forecast period of 2009-2030, in contrast with higher projected growth rates
for both population and GSP. Total non-farm employment does not begin to exhibit positive
growth until 2011 and does not return to 2008 levels until 2012.
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Figure 2.3: California Population and Employment History and Forecasts,
1998 to 2030
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Figure 2.4 contrasts 2007 and 2009 projections of population and employment. While the
population growth to 2030 has remained the same between the two forecasts, non-farm
employment projections have been lowered in the 2009 forecast, resulting in a sharp decline in
the percentage of California population employed.
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Figure 2.4: California Population, GSP, and Employment Projections Used in the
2007 and 2009 IEPRs
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Historical Light-Duty Vehicle Acquisition

Staff reviewed recent trends in California vehicle acquisitions from the DMV Vehicle
Registration Database.? The number of all alternative fueled vehicle types has increased in the
state at rates substantially greater than for gasoline vehicles. Table 2.1 and Figures 2.5 and 2.6
provide information for on-road vehicle registration data from the California DMV for 2001 to
2008.
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Table 2.1: Summary of California On-Road Light-Duty Vehicles

Light Duty Vehicle Counts

Gasoline Diesel Hybrid Flex Fuel Electric Natural Gas
2001 22,779,246 316,872 6,609 97,611 2,905 3,082
2002 23,384,639 334,313 15,159 129,734 11,963 25,682
2003 24,516,071 364,411 24,182 183,546 23,399 17,228
2004 24,785,578 391,950 45,263 195,752 14,425 21,269
2005 25,440,904 424,137 91,438 269,857 13,947 24,471
2006 25,741,051 449,305 154,165 300,806 14,071 24,919
2007 25,815,758 465,654 243,729 340,910 13,956 25,196
2008 25,654,102 463,631 333,020 381,584 14,670 24,810
Compound
Average 1.71% 5.59% 75.06% 21.50% 26.03%t 34.71%t
Growth
Rate

Source: California Energy Commission analysis of California DMV data

Figure 2.5: Population of California On-Road Light Duty Vehicles by Body Type
(excluding gasoline)
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Figure 2.6 shows the continued growth of FFVs and hybrid vehicles in California in 2008, but a
slight decline in diesel light-duty vehicles in the same year. Ethanol used for FFVs, however,
amounts to less than 10 gallons a year per vehicle in 2008, partly as a result of the disparity
between FFVs and ethanol fuel station distributions in different counties. For instance, there is
only one fuel station for the 90,000 FFVs registered in Los Angeles County. Natural gas and
electric vehicles do not show a significant change between 2005 and 2008.

Figure 2.6: Population of California On-Road Light Duty Vehicles by Fuel Type
(excluding gasoline)
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Figure 2.7 shows the percentage by type of new vehicles sold by year and quarter starting from
April 2004 to September 2008. Available data for 2008 indicate increased market share for cars,
especially small cars, at the expense of trucks and utility vehicles.



Figure 2.7: Percent of New Vehicles Sold by Vehicle Type
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Figure 2.8 shows that the majority of California households have one to three members, and a
majority of these households have two or fewer vehicles. Not surprisingly, a larger percentage
of larger households own two or more vehicles.
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Figure 2.8: Percent of California Households by Vehicle Ownership and
Household Size, 2007

30%

= 1-3Member Households

25% B 4+ Member Househoulds |

20%

15%

10%

Percent of Total Households

5%-

D%-

Number of Vehicles Owned

Source: American Community Survey, 2009

California Consumer Vehicle and Fuel Use Preferences

The 2008 CVS was conducted to capture California consumers’ preferences for light-duty
vehicles and transportation fuels. The survey collected data on the revealed preferences of 6,577
households and 3,452 commercial sector vehicle owners. Of these survey participants, 3,274
households and 1,780 commercial vehicle owners provided their stated preferences for vehicles
of varying attributes. Survey data was used to model household and commercial sector vehicle
choice and ownership behavior, as well as vehicle miles traveled by California households.

The CVS verifies the significant impact of distance to work and availability of transit on vehicle
miles traveled. Therefore, changes in land use patterns that reduce the distance between
locations of job and residence, and increase the availability of urban transit, will reduce vehicle
miles traveled and transportation fuel consumption per capita. Fuel costs have a significant
influence on both vehicle choice and vehicle miles traveled. California consumers, assuming
equal prices and availability, do not differentiate significantly between E85 and gasoline in their
preferences. Similarly, assuming all else equal, consumers more favorably view hybrid
(including plug-in hybrids) and diesel vehicles but have less favorable impressions of
compressed natural gas (CNG) and full electric vehicles, compared with gasoline vehicles.
Vehicle price and fuel cost are both highly significant factors in the vehicle choice models,
suggesting an awareness by California consumers of the tradeoff between these cost factors. The
survey results showed that of all the incentives examined, the $1000 tax credit was viewed most
favorably by all sizes of households and the High Occupancy Vehicle (HOV) lane use was most
significant incentive for commercial sector buyers. Other incentives are more influential on
vehicle choice decisions of the households that own more than one vehicle. The most important
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regional differences were in the higher consumer preferences for hybrid vehicles in San
Francisco, and for HOV lane use incentive in Los Angeles.

Historical Medium- and Heavy-Duty Vehicle Stock

Medium- and heavy-duty vehicles are used primarily in the freight and transit sectors. Gross
vehicle weight rating (GVWR) designates the maximum amount of weight for a vehicle in each
vehicle class. Class 1 and 2 vehicles are vehicles that have a GVWR of 10,000 1bs or less and are
generally described as light-duty vehicles, while classes 3 to 8 are assigned to vehicles with a
GVWR greater than 10,000 lbs and described as medium- and heavy-duty vehicles. Figure 2.9
shows the medium and heavy- duty vehicle population percentages by fuel type for vehicle
classes 3 to 8.

Figure 2.9: Percentage of All Class Type 3-8 (Medium- and Heavy-Duty) Vehicles
by Fuel Type
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Table 2-2 shows the vehicle populations for seven fuel types. Natural gas vehicles may use CNG
or liquefied natural gas (LNG). Vehicles classified as ”Other” use fuels not listed, such as
methanol, hydrogen, and butane. The population of gasoline vehicles decreased from 52 percent
in 2000 to 38 percent in 2008, with diesel vehicles making up most of the difference by rising
from 48 percent in 2000 to 60 percent of vehicles in 2008. Alternative fuels make up around 1.4
percent of the vehicle population, with CNG and LNG combined having the largest share at 1
percent of the vehicle population. However, Table 2-3 indicates that many of the natural gas
vehicles are registered to the government or transit districts primarily for urban transit use.
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Table 2.2: Percentage of All Class Type 3-8 (Medium- and Heavy-Duty) Vehicles
by Fuel Type

2000 2001 2002 2003 2004 2005 2006 2007 2008

Vehlclg 808,512 | 819,104 | 867,426 | 884,919 | 851,568 | 920,784 | 952,082 | 982,456 | 952,191

Population

Diesel 47.61% | 47.35% | 48.82% | 51.33% | 55.35% | 56.53% | 58.46% | 60.51% | 60.17%
47.85% | 43.78% | 42.31% | 40.35% | 38.29% | 38.48%

Gasoline 51.98% | 52.11% | 50.41%
Electric 0.05% 0.05% 0.07% 0.08% 0.09% 0.11% 0.11% 0.11% 0.12%

Hybrids 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Natural Gas | 0.17% 0.16% 0.50% 0.57% 0.63% 0.79% 0.83% 0.87% 1.02%
Propane 0.17% 0.30% 0.18% 0.15% 0.14% 0.26% 0.23% 0.21% 0.20%
Other 0.02% 0.02% 0.02% 0.02% 0.00% 0.00% 0.02% 0.01% 0.01%
Source: DMV Registration Database, File Pass for October 2008
Table 2-3 shows the distribution of medium- and heavy-duty vehicles registered to individuals,
government agencies/districts, and commercial entities. Vehicles registered to government
include those used in urban transit, and vehicles registered to the commercial sector include
those used in intercity transit. There are noticeable differences in the percentage distribution of
fuel types in these sectors. The medium- and heavy-duty vehicle population owned by
individuals has been continuously declining over time with the majority of vehicles using
gasoline, while the percentage fueled by diesel appears to be increasing over time. The
government vehicle population has the largest percentage of alternative fuel vehicles compared
to all other sectors. The commercial/rental vehicle population shows an increase in the share of

diesel vehicles, with gasoline vehicle use declining over time.

35




Table 2.3: Percentage of Type 3-8 (Medium- and Heavy-Duty) Vehicles by Fuel

Type and Ownership Registration Type

2000 2001 2002 2003 2004 2005 2006 2007 2008
Vehicle
Population | 244817 | 275806 | 213,748 | 220,508 | 201,326 | 193091 | 190965 | 187721 | 178,897
Diesel 438% | 9.76% | 7.63% | 7.73% | 10.19% | 11.17% | 12.80% | 14.34% | 15.48%
Gasoline | 95.59% | 90.21% | 92.29% | 92.23% | 89.78% | 88.80% | 87.18% | 85.64% | 84.51%
E Electric 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
o
2 Hybrids 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
o
Natural
pl 0.01% | 0.01% | 001% | 001% | 001% | 001% | 0.01% | 0.01% | 0.01%
Propane | 0.03% | 003% | 0.06% | 002% | 002% | 0.01% | 001% | 0.01% | 0.01%
Other 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00%
Vehicle
Population | 105494 | 100776 | 130,455 | 128,448 | 130,142 | 147,921 | 150789 | 153143 | 158,568
Diesel 48.88% | 48.42% | 51.32% | 53.11% | 53.40% | 51.14% | 51.03% | 51.02% | 50.45%
Gasoline | 49.12% | 49.74% | 44.75% | 42.27% | 41.96% | 43.70% | 43.49% | 43.30% | 43.56%
IS
g Electric 037% | 039% | 0.47% | 057% | 0.60% | 065% | 065% | 062% | 0.61%
c
g Hybrids 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
o
o Natural 0, 0, 0, 0, 0, 0, 0, 0, 0,
o 1.23% | 1.07% | 3.06% | 357% | 3.70% | 4.11% | 4.35% | 459% | 4.91%
Propane | 0.25% | 025% | 0.30% | 0.39% | 0.34% | 0.40% | 041% | 0.42% | 0.41%
Other 0.15% | 0.13% | 0.10% | 0.10% | 001% | 001% | 0.06% | 0.06% | 0.06%
Vehicle
Population | 458201 | 442522 | 523,223 | 526,963 | 520,100 | 579,772 | 610328 | 641502 | 614,726
Diesel 70.42% | 70.54% | 65.02% | 69.88% | 73.32% | 73.02% | 74.58% | 76.29% | 75.68%
g Gasoline | 29.35% | 28.91% | 34.71% | 29.88% | 26.44% | 26.47% | 24.92% | 23.24% | 23.78%
(0]
x Electric 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 001% | 001% | 001% | 0.04%
©
o Hybrids 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
=
§ Ng;;a' 0.01% | 0.05% | 0.07% | 0.09% | 0.11% | 021% | 022% | 024% | 0.31%
Propane | 0.22% | 0.48% | 020% | 0.15% | 0.13% | 0.30% | 025% | 0.21% | 0.20%
Other 0.00% | 0.01% | 0.00% | 0.00% | 0.00% | 0.00% | 0.01% | 0.00% | 0.00%

Source: California Energy Commission analysis of DMV Registration Database, File pass for October 2007

*Personal vehicles are vehicles registered to a single person.
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Import Goods Movement and California Ports

A significant portion of the goods imported into the United States move through California
ports, and these goods are then loaded onto trucks and railcars moving to destinations inside
California as well as other states. Containerized goods handled through the ports of Los
Angeles, Long Beach, and Oakland account for 42.2 percent of all port container activity during
2008 for the continental United States.® Nearly all cargo containers, referred to as twenty-foot
equivalent units (TEUs), are handled at some point by either a truck or rail locomotive that is
operating on diesel fuel. Therefore, the numbers of cargo containers that are imported (both full
and empty) and exported through California ports are a reflection of economic activity and
diesel demand in the state. Over the last couple of years, diesel fuel demand in California has
demonstrated a good correlation with the total number of TEUs processed through the ports of
Long Beach, Los Angeles and Oakland. * Since the taxable sales figures for California typically
lag several months, cargo container statistics can be examined as a potential indicator of how
strong or weak diesel fuel demand may be half way through 2009. Figure 2.10 shows the
average daily numbers of TEUs processed by California’s three largest container ports, along
with the average daily demand for diesel fuel. As the chart shows, container activity is down
significantly (27.6 percent) since 2007 when compared to the first half of 2009 and down 20.3
percent compared to the average for 2008.5 This trend is another indication that diesel fuel
demand for the first half of 2009 is appreciably lower than 2008 levels.

Figure 2.10: California Ports-Container Volumes and California Diesel Demand
(2004-2009)
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The U.S. Department of Commerce reports a GSP of $1,846 billion for the state of California in
2008 (Bureau of Economic Analysis, 2009). According to RAND, California imports are valued
at $356 billion, which is more than 19 percent of California GSP. Most of the data on in-state
freight movements primarily pertains to domestic freight and not international freight
movement. Therefore, it is difficult to determine the share of total California freight movement
from imported containers. However, with the growth in trade with China, California will
remain a vital conduit for goods movement activities, and California ports will to continue to
play a major role in the national and global economy.

Rail and Truck Activity

To determine whether diesel fuel demand is beginning to recover over more recent months,
staff examined other sources of information that are considered good indicators or surrogates
for diesel fuel demand in the United States. One of these measures is the level of rail activity
used to move freight and bulk goods throughout the country. Figure 2.11 tracks the level of rail
activity for rail cars originating in the United States since January 2001. The chart shows the
average weekly numbers of carloads and intermodal units (both trailers and containers). The
data indicates that rail activity has declined significantly since 2006. Most recently, year-to-date
activity through the week ending August 1, 2009, shows that rail carload activity is down 19
percent compared to the same period in 2008. Intermodal rail activity is also down 17.2 percent
compared to last year, while estimated ton-miles of rail activity declined 18.1 percent compared
to 2008.° It does not appear as though rail activity is yet rebounding from the drop in economic
growth, possibly signaling that diesel demand could remain lower than 2008 volumes for the
United States and California.
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Figure 2.11: Rail Activity Originating in the United States (2001-2009)
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The American Trucking Association (ATA) tracks trucking activity in the United States. One of
the instruments employed by this association is its survey of trucking companies used to assess
movement of cargo and referred to as the seasonally adjusted For-Hire Truck Tonnage Index.
Domestic trucking activity had been rather steady between 2005 and the first quarter of 2008.
However, the rapid increase in diesel fuel prices in 2008 in conjunction with the severe
downturn in the economy significantly reduced trucking activity. Figure 2.12 illustrates this
point and appears to show that tonnage continues to decline, down 13.6 percent in June 2009
when compared to June 2008.
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Figure 2.12: U.S. Trucking Activity — Tonnage Index (2005-2009)
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Transit

Nationwide, a combination of high fuel prices and a weak economy have reduced automobile
travel while increasing transit travel. Transit ridership nationwide increased to 10.7 billion trips
in 2008, a 4 percent increase over 2007, continuing the upward trend in transit ridership.
Ridership in California mirrored nationwide trends; among 45 California transit agencies for
which data was available from APTA, ridership increased by 2.2 percent, to 1.34 billion trips,
between 2007 and 2008. This compares with the staff forecast of 2.3 percent increase in ridership
from 2007 to 1.53 billion trips in 2008 (a forecast year in the model) for 63 rather than 45
agencies. APTA identifies the cities with the highest transit growth rates by different transit
modes, and Table 2.4 shows California cities on the APTA list.

Table 2.4: 2008 California Top Transit Growth Cities, by Transit Mode

City Growth Rate (percent) Transit Mode
Oakland 16.1 Commuter Rail
Stockton 14.7 Commuter Rail
Sacramento 14.4 Light Rail

San Diego 10.0 Bus

Los Angeles 7.7 Heavy Rail

Source: American Public Transit Association, http://www.apta.com/media/releases/090309 ridership.cfm, March

2009

Figure 2.13 shows recent trends in total unlinked transit trips for California as reported by the

Federal Transit Administration.
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Figure 2.13: Transit Ridership in California
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*Total unlinked trips, reported by 82 transit agencies in California. A few agencies have not regularly reported
ridership, and the ridership has been estimated for these missing reporting years, using statewide average ridership
growth rates.
Figure 2.14 shows the trend in urban transit fuel consumption, corresponding to increasing
ridership. It also shows that natural gas has been replacing diesel in the transit fleet, while the
rise in electricity consumption corresponds with the growth in light rail.
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Figure 2.14: Urban Transit Fuel Consumption in California, by Fuel Type
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*Natural gas consumption indicates the total for CNG and LNG.

The 2008 CVS reveals some patterns in the relationships between vehicle ownership, household
size, miles-to-work, and transit use. Table 2.5 shows miles to work were highest in the Los
Angeles and Sacramento regions. Transit use is highest in the San Francisco region where
transit accessibility and population density are both high, and lowest in the “rest of state”
where transit availability and population density are both low. No significant difference is
observed in miles traveled to work by household size; however, households with two or three
persons have the highest rate of transit use. The number of vehicles in a household has a strong
relationship with both the miles traveled to work and transit use. Vehicle ownership is
positively related to the mean miles traveled to work, and transit use decreases with increased
number of vehicles available to the household.
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Table 2.5: Miles-to-Work and Transit Use in California in 2008

Mean Vehicle Miles to Work | parcent Transit Use

San Francisco 14.23 8.9%
Los Angeles 15.44 2.3%
San Diego 14.38 2.5%
Sacramento 15.29 2.7%
Rest of State 14.51 1.3%
Overall Statewide 14.87 3.6%

Mean Vehicle Miles to Work

Household Size % Transit Use

1 14.94 2.0%
2 14.76 3.4%
3 14.88 3.3%
4+ 14.98 2.4%

Mean Vehicle Miles to Work

% Transit Use

1 12.85 4.8%
2 14.60 2.8%
3+ 17.20 2.0%

Source:California Energy Commission, 2008 California Vehicle Survey

Aviation

The aircraft fleets of commercial air carriers transporting passengers and cargo are powered by
jet turbines and turboprops, both of which run on kerosene-type jet fuel. General (or private)
aviation is increasingly dominated by jet turbine and turboprop engines, as the numbers of
gasoline aircraft decrease; some general aviation aircraft are air taxis transporting passengers
for hire. Wide-body jets of the 1970s and 1980s have largely been replaced in domestic service
but persist in international passenger operation and air cargo. Narrow-body jets such as the
Boeing 737 and Airbus 240 have come to dominate domestic passenger travel. The next
generation of lighter and more efficient aircraft, such as the Boeing 787, is in production and
may provide up to 25 percent reduction in fuel use per passenger mile.

Airlines have responded to fuel price increases of recent years by reducing both the number of
empty seats and the number of flights. In response to decreased demand, airlines have financial
reasons for taking the least efficient aircraft out of service. The converse is also true, that as
demand increases the newest and generally most efficient of remaining aircraft is placed back
into service. As a result the overall rate of fuel use per passenger mile may increase in the short
term with an increase in demand.

The growth of air cargo service, measured in ton miles, has come from increased Internet
commerce, the growth of the package industry in general, and the development of niches such
as perishable soft fruits, seafood, and prototype electronics. Adding to these growth drivers is
the growth in Pacific Rim commerce, which funnels an increasing fraction of the nation’s
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imports into and through California airports. Additionally, greater amounts of cargo will likely
be transported by air freight-only carriers due to the requirement that by 2010 100 percent of
cargo must be screened when placed into passenger aircrafts.

Airline activity is usually a good barometer for jet fuel demand. The United States Bureau of
Transportation statistics compiles information from airline companies operating in the United
States. One of the better measures of air activity is the number of people boarding flights that
originate in the United States and are destined for locations both domestic and international.
Referred to as passenger enplanements, the most recent data for 2009 indicate that passenger
activity continues to be lower than the preceding two years. Figure 2.15 illustrates that airline
passenger activity has not yet begun to recover from a steady decline from 2007. For the first
four months of 2009, total passenger enplanements are down 9.1 percent compared to the same
period in 2008.8

Figure 2.15: U.S. Airline Passenger Enplanements (2007-2009)
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Recent Demand for California Transportation Fuels

Demand for traditional petroleum-based transportation fuels (gasoline, diesel, and jet fuel) has
recently declined as a consequence of several factors. Lower demand levels reduce the need to
import blending components and finished petroleum products that augment local refinery
production supply.
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Gasoline Demand

Over the last several decades, there have been occasional stretches when gasoline demand
declined from one year to the next. It has been unusual that California has experienced any
periods when gasoline demand declined for multiple consecutive years. The longest sustained
demand decline was from 1978 through 1982. As expected, these downturns in gasoline
demand appear to be closely associated with California’s periods of recession that have resulted
in lower levels of personal income.’ Figure 2.16 depicts how California’s gasoline demand has

grown since the end of World War II, rising from 2.06 billion gallons in 1945 to a peak of 15.91
billion gallons in 2004.

Figure 2.16: California Gasoline Demand and Recessions (1945-2008)
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Sources: Federal Highway Administration, California State Board of Equalization, and Energy Commission analysis.

Staff has recently completed analysis of the taxable gasoline sales data compiled by BOE.
Adjustments were mainly made to compensate for large audits that were reported as “sales”
during a single month but were in fact a compilation of new or rectified accounting records that
took place over several months or years. This new analysis has resulted in slight revisions to the
BOE taxable gasoline sales figures that are available at the BOE website.!® Figure 2.17 shows the
total annual gasoline demand and retail prices for 2004 through 2007 and monthly figures
thereafter. California average daily gasoline demand for the first four months of 2009 is 2.1
percent lower compared to the same period in 2008, continuing a declining trend since 2004. In
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fact, over the last 12 months (May 2008 through April 2009) gasoline demand is down 4.6
percent compared to the previous 12-month period (May 2007 through April 2009).11

Figure 2.17: California Average Daily Gasoline Demand and Price (2004-2009)
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Sources: California State Board of Equalization and Energy Commission analysis.

Diesel Fuel Demand

As was the case with gasoline, staff adjusted monthly diesel fuel sales figures to include
additional volumes of red dye diesel fuel that is not included in BOE taxable sales figures since
the first sale of diesel fuel intended for use in an exempt manner is not a taxable event.
However, to better assess monthly demand for diesel fuel, it is appropriate to include these red
dye volumes. Figure 2-18 shows the total annual diesel fuel demand and retail prices for 2004
through 2007 and monthly figures thereafter. California average daily diesel fuel demand for
the first three months of 2009 is 7.7 percent lower compared to the same period in 2008,
continuing a declining trend since 2007. Over the last 12 months (April 2008 through March
2009) diesel fuel demand is down 10.2 percent compared to the previous 12-month period
(April 2007 through March 2009).12
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Figure 2.18: California Average Daily Diesel Demand and Price (2004-2009)
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Jet Fuel Demand

The third type of traditional petroleum-based transportation fuel is commercial jet fuel or Jet A.
California refiners also produce limited quantities of military grade jet fuel, referred to as JP-5
and JP-8. For examining recent and forecasted jet fuel demand quantities and trends, only
commercial jet fuel was included. Recent demand trends for jet fuel are similar to diesel fuel
and reflect an overall downturn in the domestic and California economies. After rising 5 percent
between 2005 and 2007, California jet fuel demand declined 8.9 percent in 2008 compared to the
previous year. Figure 2.19 shows the annual demand for commercial jet fuel in California from
2004 through 2008.
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Figure 2.19: California Commercial Jet Fuel (Jet A) Demand (2004-2008)
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Transportation Demand Forecasts

Approach to Forecasting and Assumptions

The transportation demand forecasts prepared for this staff draft report encompass four
primary transportation sectors.

e Light-duty vehicles

¢ Medium- and heavy-duty transit vehicles

¢ Medium- and heavy-duty freight vehicles, including rail
e Commercial aviation

Each of these sectors is associated with a distinct forecasting model which estimates the
demands for that individual transportation sector. The California Conventional Alternative Fuel
Response Simulator (CALCARS), Freight, Transit, and Aviation models represent each of the
corresponding transportation sectors. Appendix A provides a description of these models and
their updates.

Staff has developed forecasts over a range of fuel prices used in forecasting transportation
energy demand in California. Appendix B details all fuel price cases developed for use in the
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forecasts. Additionally, economic and demographic projections from DOF and Moody’s
Economy.com were extended to 2030 to cover the forecast period. Survey responses and
information represent the forecasted period of California. As with past transportation fuel
demand forecasts, K.G. Duleep of ICF International provided historic and projected vehicle
characteristics used in the CALCARS model. Appendix A briefly discusses the vehicle
characteristics included in the model evaluation.

In 2004, ARB adopted the California GHG standard for light-duty vehicles (AB 1493, Pavley,
Chapter 200, Statutes of 2002). The standard requires a gradual reduction of GHG equivalent
emissions beginning in 2009, which by 2016 results in approximately a 30 percent reduction in
emissions per mile for the average new vehicle as compared to today’s new vehicles. The levels
of fuel economy used in this report for light-duty vehicle demand cases considering the GHG
standard are based on the levels of average fuel economy improvement, which could allow
compliance with the standard, as well as the ZEV mandate.

Staff’s original intent was to use the CALCARS model updated with the 2008 CVS results in this
preliminary forecast. The survey (which is described briefly on p. 33) obtained information on
respondents’” attitudes and preferences regarding several alternative fuel technologies,
including hybrids, plug-in hybrids, full electric vehicles, flex fuel vehicles, and CNG vehicles.
This data will enable staff to forecast demand across the breadth of transportation fuels, not just
for conventional petroleum fuels. For a variety of technical reasons, this proved to be impossible
in time for inclusion in this staff draft report. Therefore, light-duty vehicle fuel demand in this
report will necessarily be limited to gasoline, diesel, and renewable fuels. The transit, rail
freight, and aviation fuel demand forecasts were not affected by these limitations on the light-
duty forecast.

Staff’s proposed light-duty vehicle gasoline and diesel fuel demand forecasts have been
adapted from the final staff report prepared for the 2007 IEPR.** The single 2007 forecast case
most nearly representative of the fuel prices and GHG reduction policies for current conditions,
that is the high fuel price case with GHG rules, is the basis for the proposed 2009 light-duty
gasoline and diesel demand forecasts. To account for the lowered expectations of demand in
response to recessionary economic conditions, the gasoline and diesel demand trajectories are
initiated from 2008 actual data points. Fuel price assumptions for this 2007 case were roughly
intermediary between high and low price assumptions for this 2009 report, therefore high and
low gasoline demand bands for the current forecast are calculated equally at 15 percent above
and below the 2007 gasoline demand forecast, phased in over 8 years. For on-road diesel, the
high and low bands were calculated at 20 percent above and below the 2007 on-road diesel
demand forecast, phased in over 8 years. California carbon emission rules assumed for the 2007
case are similar to those assumed in both proposed 2009 demand cases. Other than the
employment projections, future economic and population growth are roughly similar, given the
initial year adjustment of the forecast to account for the fuel demand decline in response to the
current recession.
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Petroleum Fuel Demand Forecasts

In general, the early years of the demand forecast represent a recovery from the current
recessionary economic conditions. Because the economic and demographic projections used in
these forecasts indicate the return of reasonably healthy economic growth and steady
population growth, the trends for the freight and aviation sectors tend to resume historical
patterns of increase in fuel demand. Gasoline demand in the light-duty sector, however, is more
heavily influenced by the introduction of competing technologies, efficiency improvements, and
by higher projected fuel prices. As a result, the gasoline demand forecast tends to decline in
later years.

Gasoline Demand Forecast

Table 2.6 reports the light-duty gasoline consumption forecast in California, and Table 2.7 and
Figure 2.20 show total forecasted gasoline consumption. Between 2007 and 2030, total gasoline
consumption in California falls by 33.6 percent in the low demand case as increased efficiency
and continued fleet hybridization and dieselization reduce gasoline demand. This is a rather
dramatic decline in gasoline consumption but roughly corresponds to levels of gasoline
demand projected in the State Alternative Fuels Plan Moderate Case. * In the high demand case,
the recovering economy and lower fuel prices lead to a gasoline demand peak in 2016 before
falling to 14.02 billion gallons in 2030, 10.4 percent below 2007 levels.

Table 2.6: California Light-Duty Vehicle Gasoline Demand Forecast

Low Demand High Demand
Case Case
Year
2007 15,408,916,800 15,408,916,800

2010 13,978,451,088 -9.28% 14,512,659,410 -5.82%
2015 12,126,644,866 | -13.25% 15,201,005,537 4.74%
2020 10,767,884,875 | -11.20% 14,568,314,831 -4.16%
2025 10,326,860,295 -4.10% 13,971,634,516 -4.10%
2030 10,251,291,084 -0.73% 13,869,393,820 -0.73%
Average
Annual

Growth

Rate
Source: California Energy Commission

-1.76% -0.46%
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Table 2.7: Total California Gasoline Demand Forecast (Gallons)

Change Change
Low Demand from High Demand from
Case Previous Case Previous
Year Value Value
2007 15,658,306,800 15,658,306,800
2010 14,196,621,088 -9.33% 14,731,069,410 -5.92%
2015 12,310,084,866 | -13.29% 15,385,565,537 4.44%
2020 10,928,154,875 | -11.23% 14,730,314,831 -4.26%
2025 10,479,320,295 -4.11% 14,126,394,516 -4.10%
2030 10,402,381,084 -0.73% 14,023,343,820 -0.73%
Average
é:‘onwuf}'] -1.76% -0.48%
Rate

Source: California Energy Commission

Figure 2.20: Total California Gasoline Demand Forecast (Billion Gallons)
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Diesel Demand Forecast

The diesel demand forecast represents four primary areas: truck and rail freight goods
movement, residential and commercial light-duty vehicle transportation, urban and intercity
public transit, and off-road use of diesel (mostly in construction and agriculture). Of these four
sectors, goods movement is by far the most significant, representing over 83 percent of all
consumption in the 2007. Table 2.8 and Figure 2.21 show the total California diesel demand
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forecast. Between 2007 and 2030, total diesel demand is forecast to increase by 7 percent in the
low demand case and 16 percent in the high demand case.

Table 2.8: California Diesel Demand Forecast (Gallons)

Change Change
Low Demand from High Demand from
Case Previous Case Previous
Year Value Value
2007 3,805,503,272 3,805,503,272
2010 3,063,496,445 -19.50% 3,094,478,520 -18.68%
2015 3,466,779,643 13.16% 3,643,888,124 17.75%
2020 3,656,918,633 5.48% 3,927,647,794 7.79%
2025 3,868,000,344 5.77% 4,179,211,849 6.40%
2030 4,070,671,562 5.24% 4,418,944,141 5.74%
Average
é:;vtf:] 0.29% 0.65%
Rate

Source: California Energy Commission

Figure 2.21: California Diesel Demand Forecast (Billion Gallons)
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Jet Fuel Demand Forecast

Since jet fuel is formulated to national and international standards, jet fuel demand forecasts do
not take into account California GHG standards but do incorporate high and low jet fuel price
scenarios as well as two aviation fuel efficiency forecast cases. Assumptions of high jet fuel
prices and fuel efficiency imputed from United States Federal Aviation Administration (FAA)
projections generate the low demand case. Low jet fuel prices and the FAA fuel efficiency
performance targets generate the high jet fuel demand case. Staff did not attempt to project
military jet fuel use, so military consumption is excluded from the forecast. Table 2.9 and Figure
2.22 show the low and high jet fuel demand cases.

Between 2007 and 2030 staff expects that jet fuel demand in California will increase by
51.2 percent to 5.12 billion gallons in the low demand case and 67.2 percent to 5.75 billion
gallons in the high demand case.

Table 2.9: California Jet Fuel Demand Forecast

(Gallons)
Change Change
Low Demand from High Demand from
Case Previous Case Previous
Year Value Value
2007 3,446,593,006 3,446,593,006
2010 3,156,383,966 -8.42% 3,247,229,634 -5.78%
2015 3,641,014,703 15.35% 3,733,969,879 14.99%
2020 4,081,988,183 12.11% 4,302,667,349 15.23%
2025 4,569,339,667 11.94% 4,964,917,236 15.39%
2030 5,115,783,871 11.96% 5,748,285,636 15.78%
Average
Annual 1.73% 2.25%
Growth
Rate

Source: California Energy Commission
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Figure 2.22: California Jet Fuel Demand Forecast
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CHAPTER 3: Renewable and Alternative Fuels

Use of renewable and other alternative fuels in the United States and California is expected to
continue growing, primarily as a consequence of federal and state regulations mandating ever-
increasing levels of renewable content in gasoline and diesel fuel, carbon reduction rules, and
incentives for increasing alternative fuel consumption. However, there are several unresolved
issues that have yet to be addressed regarding adequacy of both additional supplies and the
requisite infrastructure to receive and distribute increased quantities of ethanol and biodiesel to
California consumers. In some circumstances, different federal and state policies may result in
counteracting trends that could imperil attainment of their stated goals. Likewise, there are
numerous challenges to developing adequate vehicle production and sales, refueling
infrastructure, and technical standards that would enable increased use of natural gas, electric,
and other alternative fuels in transportation.

This chapter will provide historical information, regulatory context, supply assessments, and
identification of infrastructure barriers that could endanger adequacy of transportation fuel
supplies for California motorists and businesses. Available time and resources dictate that staff
focuses on those issues that appear to have the most pressing near-term consequences, namely
the intersection of complex state and federal renewable fuel rules that prescribe percentages and
volumes of renewable fuels consumed, particularly ethanol. Other fuels will be discussed, but
with the understanding that the time, dialogue, and research needed to fully quantify their
contributions to petroleum and carbon reduction, and the barriers to their adoption, are limited.
However, staff is committed to developing these analyses in future work as resources and time
permit and seeks an open and ongoing discussion with stakeholders to work to that end.

Key Questions

Renewable Fuels

How much additional ethanol and biodiesel will be required in California over the next several
years?

Is there enough domestic production capacity available to meet this increase in renewable fuel
demand?

When will ethanol demand in California exceed the ethanol “blend wall” of 10 percent by
volume?

Can California move to a 15 percent ethanol limit in gasoline over the near to mid-term?

If not, what type of E85 infrastructure (vehicles and retail outlets) and timing would be required
to accommodate ethanol volumes above the blend wall?

Will the LCFS necessitate a change in the type of ethanol required to achieve compliance with
the new standard?
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What will be the source of this other type of ethanol, and will there be enough supply available
to meet California’s estimated demand?

If so, what type of infrastructure would be needed, and is that import capacity currently in
place?

If not, how much time would be required to construct new capabilities and modify existing
infrastructure in time to meet anticipated changes?

Will substantial increases in demand for ethanol place an undue burden on agriculture?

Other Alternative Fuels

How much natural gas, electricity, and hydrogen will be required to power natural gas-
powered vehicles, full electric and plug-in hybrid electric vehicles, and fuel cell vehicles in
California over the mid- to long-term future? Are these energy sources going to be available in
sufficient supply and at a price attractive to consumers?

What are the barriers to increased use of natural gas, electricity, and hydrogen in transportation
applications?

What is required to stimulate the production and sale of increasing numbers of natural gas,
electric, and fuel cell vehicles?

What are the options for retail refueling infrastructure needed to meet alternative fuel demand
and how can the development of additional refueling facilities be stimulated? What are the
options for home refueling of natural gas and electric vehicles, and what steps are needed to
promote their adoption?

What standards, specifications, and other technical conventions need to be developed to
promote alternative fuel vehicle sales and energy use?

Ethanol Overview

Ethanol (normally referred to as denatured fuel ethanol) has a long history as a transportation
fuel in the United States. The Ford Model T, first manufactured in 1908, was designed with an
engine that operated on gasoline, kerosene, or ethanol.’> The use of ethanol as a motor vehicle
fuel was modest from the early 1900s through the late 1930s. Declining prices of gasoline,
relative to ethanol, decreased ethanol’s role in transportation fuel for the next several decades
until the oil price shocks of 1970s spurred government action and intervention.'® Federal
assistance in the form of tax credits and loan guarantees resulted in a resurgence of the U.S.
ethanol industry from “practically zero” in 1978 to more than 210 million gallons by 1982.17.18
Figure 3.1 shows the annual progression of ethanol production in the United States between
1979 through 2008.
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Figure 3.1: U.S. Ethanol Production 1979-2008
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Sources: U.S. Department of Agriculture (USDA) and the Energy Information Administration (EIA).

Beginning in 1980, ethanol’s use for blending in gasoline at concentrations of 10 percent by
volume (referred to as gasohol or E10) began to gain acceptance in somewhat limited quantities.
However, further action by Congress mandated increased use of ethanol to help reduce
formation of carbon monoxide beginning in November 1992 via the Wintertime Oxygenate
program administered by the U.S. EPA." Beginning in January 1995, federal reformulated
gasoline regulations took effect that required year-round use of oxygenates in roughly one-third
of the nation’s gasoline.?? ARB adopted reformulated gasoline regulations specific to the state
that required all gasoline sales to meet the new standard beginning March 1, 1996.2' Oxygenates
for these federal and state programs included ethers (such as MTBE and TAME) and ethanol.
The majority of the industry elected to use MTBE, but ethanol was used to blend with a portion
of the wintertime oxygenated and reformulated gasoline markets. By the end of the 1990s,
ethanol demand in the United States had increased to 1.4 billion gallons per year.

The phase-out of MTBE (due to ground water contamination concerns) and passage of the RFS
are the most recent events that resulted in a further expansion of ethanol use as a transportation
fuel. The transition to ethanol and away from MTBE began in California following Governor
Gray Davis” decision of eliminate its use due to concerns of potential widespread contamination
of drinking water sources.?? The practice of reducing use of MTBE spread to other areas of the
country and by January 2005, the transition away from MTBE was completed leaving ethanol as
the only oxygenate left standing.? Figure 3.2 depicts the estimates fuel ethanol consumption in
California between 1981 and 2008. Demand for ethanol rapidly increased in 2003 as a number of
refiners elected to transition away from MTBE earlier than the revised deadline of December 31,
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2003. Once the MTBE phase-out was completed in 2004, ethanol demand jumped again before
stabilizing just short of one billion gallons per year.

Figure 3.2: California Ethanol Demand 1981-2008
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Commission analysis.
Congress took additional steps to expand ethanol’s use by initially mandating minimum levels
of blending through the RFS provisions of the Energy Policy Act of 2005, followed by an
increase of these mandated levels through specific provisions of the Energy Independence and
Security Act of 2007 (EISA). The following section describes the recent proposed RFS
modifications and their implications for mandated minimum renewable fuel volumes for the
United States and California.

Renewable Fuels Standard — Increased Demand for Ethanol
and Biodiesel

As required by EISA, the RFS program will be altered to require the sale of 30 billion gallons of
renewable fuels by 2020 and 36 billion gallons by 2022.2 These requirements will require a
substantial change to the transportation fuel market place and the ways to meet these mandates
are still being considered by U.S. EPA as it continues accepting comments on its Notice of
Proposed Rulemaking (NOPR) until September 25, 2009.> The primary change impacting
renewable fuel use is the mandated use of ever-increasing quantities of biofuels, predominantly
ethanol. Further, the RFS2 will require all obligated parties (refiners, importers, and blenders) to
achieve minimum renewable fuel use each year either through actual use (blending) or
purchase of RIN credits from other market participants who blended a greater quantity of
renewable fuel than was required by the RFS2 requirements. Refiners and importers are

58



required to determine their Renewable Volume Obligation (RVO) each calendar year that is
calculated from the RFS percentage assigned by the U.S. EPA during November of the
preceding year.?¢ For 2009, the RFS obligation is 10.21 percent and assumes that 11.1 billion
gallons of renewable fuel will be blended into gasoline and diesel fuel. Beginning in 2010, these
obligations will include “fair share” blending of four different categories of renewable fuels
through actual use or purchase of appropriate RINs.?” The annual nationwide requirements are
listed in Table 3.1.

Table 3.1: U.S. RFS2 Requirements 2008-2022

Advanced Biofuels
Total Starch Other Biomass Total
Renewable Fuell| Derived Cellulosic | Advanced Based Advanced
Requirement Biofuel Biofuels Biofuels Diesel Biofuels
Year| Bil. Gallons |[Bil. Gallons||Bil. Gallons|Bil. Gallons|Bil. Gallons||Bil. Gallons
2008 9.00 9.00 0.00
2009 11.10 10.50 0.10 0.50 0.60
2010 12.95 12.00 0.10 0.20 0.65 0.95
2011 13.95 12.60 0.25 0.30 0.80 1.35
2012 15.20 13.20 0.50 0.50 1.00 2.00
2013 16.55 13.80 1.00 0.75 1.00 2.75
2014 18.15 14.40 1.75 1.00 1.00 3.75
2015 20.50 15.00 3.00 1.50 1.00 5.50
2016 22.25 15.00 4.25 2.00 1.00 7.25
2017 24.00 15.00 5.50 2.50 1.00 9.00
2018 26.00 15.00 7.00 3.00 1.00 11.00
2019 28.00 15.00 8.50 3.50 1.00 13.00
2020 30.00 15.00 10.50 3.50 1.00 15.00
2021 33.00 15.00 13.50 3.50 1.00 18.00
2022 36.00 15.00 16.00 4.00 1.00 21.00

Source: U.S. Environmental Protection Agency.

The demand for ethanol in 2008 was 9.6 billion gallons or 600 million gallons greater than the
RFS requirement for last year. Figure 3-3 shows the progression of ethanol use in the United
States and the RFS2 obligations through 2022. Although the estimated demand for 2009 (based
on only four months of data) appears too low to achieve compliance with the minimum
renewable fuel use requirements, keep in mind that excess RIN credits will likely be used by
some obligated parties and that ethanol blending is expected to continue increasing throughout
the remainder of 2009.
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Figure 3.3: U.S. Ethanol Use and RFS Obligations 1993-2022
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Sources: Energy Information Administration (EIA), U.S. EPA and Energy Commission analysis.

California Fair Share From RFS2

To determine what quantity of renewable fuel might be needed in California to meet
compliance with the RFS2, staff had to determine what the “fair share” RFS2 obligation might
be under both Low and High Demand Cases for gasoline over the forecast period. Although
compliance with the RFS2 by refiners, importers, and blenders can include acquisition of RIN
credits and over-compliance on a company basis in other areas of the United States outside
California, for this part of the analysis, staff assumed that all obligated parties in California
would be complying by blending their “fair share” of renewable fuels within the state’s borders.
This approach will yield more of a “worst case” infrastructure assessment but still recognizes
that the forecasted demand for ethanol and biodiesel could be a bit less than presented in this
report.

The first step was to figure out what the “fair share” should be for the various types of
renewable fuels mandated under the proposed RFS2 standards. Staff analyzed California’s
gasoline demand relative to the total in the United States. Since 1983, U.S. motor gasoline use
has been growing at an average annual growth rate of 0.95 percent, rising from an average
consumption of 278 million gallons a day in 1983 to 377 million gallons a day in 2008.2%
California’s share of U.S. gasoline consumption has fluctuated over the last 25 years and is the
same percentage in 2008 as it was back in 1983 (see Figure 3-4). Between 1998 and 2008,



California’s share of total gasoline demand has averaged 11.2 percent. However, this percentage
has been steadily declining between 2002 (11.6 percent) to 2008 (10.8 percent).

Figure 3.4: U.S. and California Motor Gasoline Consumption 1983-2008
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To meet the regulatory necessities of RFS2 over the forecast period, staff calculated California’s
share of gasoline demand by comparing the Energy Commission gasoline demand forecast to
that of the 2009 AEO Energy Information Administration forecast that was revised in April
2009.% This calculated California share of gasoline demand was then applied to each of the four
RFS2 renewable fuel annual minimum requirements (refer back to Table 3.1) to determine how
much ethanol and biodiesel would be necessary to achieve “fair share” compliance with the
RFS2. For 2023 through 2030, the RFS2 annual domestic requirements were held fixed at the
2022 levels. However, it is recognized that the EPA proposed RFS2 regulations note that values
post 2022 may be adjusted and could be higher than the values used by staff in this forecast
analysis. Under the Low Demand Case for gasoline, total ethanol demand in California is
forecast to rise from 1,208 million gallons in 2010 to 2,108 million gallons by 2020. Under the
Low Demand Case for diesel fuel, minimum biodiesel demand in California is forecast to grow
from 38 million gallons in 2010 to nearly 59 million gallons by 2020 (see Table 3.2).
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Table 3.2: California Renewable Fuel Requirements 2008-2030 Low Gasoline and
Diesel Fuel Demand Case

Advanced Biofuels
Total Starch Other Biomass Total
Ethanol Derived Cellulosic | Advanced Based Advanced

Requirement Biofuel Biofuels Biofuels Diesel Biofuels
Year| Bil. Gallons [[Bil. Gallons||Bil. Gallons|Bil. Gallons|Bil. Gallons||Bil. Gallons
2008 0.974 0.974 0.000
2009 1.109 1.099 0.010 0.031 0.041
2010 1.208 1.178 0.010 0.020 0.038 0.067
2011 1.237 1.185 0.024 0.028 0.045 0.097
2012 1.305 1.213 0.046 0.046 0.056 0.148
2013 1.389 1.233 0.089 0.067 0.057 0.214
2014 1.479 1.242 0.151 0.086 0.058 0.296
2015 1.618 1.244 0.249 0.124 0.060 0.433
2016 1.701 1.201 0.340 0.160 0.059 0.559
2017 1.770 1.154 0.423 0.192 0.059 0.675
2018 1.892 1.135 0.530 0.227 0.059 0.816
2019 2.002 1.112 0.630 0.260 0.059 0.949
2020 2.108 1.091 0.763 0.254 0.059 1.077
2021 2.265 1.062 0.956 0.248 0.060 1.263
2022 2.424 1.039 1.108 0.277 0.060 1.445
2023 2.404 1.030 1.099 0.275 0.059 1.433
2024 2.379 1.019 1.087 0.272 0.059 1.418
2025 2.374 1.017 1.085 0.271 0.059 1.415
2026 2.368 1.015 1.082 0.271 0.058 1.411
2027 2.382 1.021 1.089 0.272 0.058 1.419
2028 2.375 1.018 1.086 0.271 0.058 1.415
2029 2.399 1.028 1.097 0.274 0.058 1.429
2030 2.397 1.027 1.096 0.274 0.057 1.427

Source: Energy Commission analysis

Under the High Demand Case for gasoline, total ethanol demand in California is forecast to rise
from 1,245 million gallons in 2010 to 2,550 million gallons by 2020. Under the High Demand
Case for diesel fuel, minimum biodiesel demand in California is forecast to grow from 37
million gallons in 2010 to nearly 61 million gallons by 2020 (Table 3.3).
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Table 3.3: California Renewable Fuel Requirements 2008-2030 High Gasoline and
Diesel Fuel Demand Case

Advanced Biofuels
Total Starch Other Biomass Total
Ethanol Derived Cellulosic | Advanced Based Advanced

Requirement Biofuel Biofuels Biofuels Diesel Biofuels
Year| Bil. Gallons [[Bil. Gallons||Bil. Gallons|Bil. Gallons|Bil. Gallons||Bil. Gallons
2008 0.969 0.969 0.000
2009 1.125 1.114 0.011 0.031 0.041
2010 1.245 1.215 0.010 0.020 0.037 0.068
2011 1.318 1.263 0.025 0.030 0.044 0.099
2012 1.424 1.324 0.050 0.050 0.055 0.155
2013 1.556 1.381 0.100 0.075 0.056 0.231
2014 1.695 1.423 0.173 0.099 0.057 0.329
2015 1.906 1.466 0.293 0.147 0.059 0.499
2016 2.054 1.450 0.411 0.193 0.058 0.662
2017 2.193 1.430 0.524 0.238 0.059 0.822
2018 2.320 1.392 0.650 0.278 0.060 0.988
2019 2.429 1.350 0.765 0.315 0.060 1.140
2020 2.550 1.319 0.923 0.308 0.061 1.292
2021 2.727 1.278 1.150 0.298 0.062 1.511
2022 2.942 1.261 1.345 0.336 0.062 1.743
2023 2.939 1.260 1.344 0.336 0.062 1.742
2024 2.893 1.240 1.323 0.331 0.061 1.715
2025 2.856 1.224 1.305 0.326 0.061 1.693
2026 2.826 1.211 1.292 0.323 0.061 1.676
2027 2.786 1.194 1.274 0.318 0.060 1.652
2028 2.746 1.177 1.255 0.314 0.059 1.628
2029 2.730 1.170 1.248 0.312 0.058 1.618
2030 2.706 1.160 1.237 0.309 0.058 1.604

Source: Energy Commission analysis.

Greater use of ethanol in California could be accomplished by (1) adoption of new upper limits
for low-level ethanol blends in excess of the current E10 standard, or (2) increased sales of E85
(a mixture of 15 percent gasoline and 85 percent ethanol). Experts generally recognize that there
are potential vehicle operability and emission issues that need to be addressed before the low-
level cap on ethanol blends in gasoline (referred to as the blend wall) can be increased to levels
greater than 10 percent.®
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Ethanol Blend Wall

It is estimated that ethanol demand in California will eclipse an average of 10 percent by
volume in all gasoline sales between 2012 and 2013, depending on gasoline demand growth
rates. Original engine manufacturers (OEMs) generally have vehicle warranties that are voided
if the owner uses gasoline with more than 10 percent by volume ethanol. OEMs are concerned
about potential harm to the catalyst in their vehicles. A recent study conducted on behalf of the
University of Minnesota, however, suggests existing vehicles could operate at slightly higher
ethanol concentrations without undue operational or emissions problems.3! The U.S. DOE is
conducting vehicle testing of intermediate ethanol blends (E15 and E20) to measure effects on
vehicle emissions, catalysts, and engine durability. This group has recently released a
preliminary report that did not identify any significantly detrimental issues.?? Lastly, U.S. EPA
has been petitioned by Growth Energy to allow the ethanol blend wall to be increased to 15
percent by volume or E15.3

It is unlikely that the low-level ethanol blend limit in California will be greater than the current
10 percent by volume, even if the EPA ultimately grants permission for U.S. refiners and
marketers to go to E15. California’s revised reformulated gasoline specifications (referred to as
the revised Predictive Model) go into effect on January 1, 2010. Information used to develop
mathematical relationships between various gasoline properties (such as sulfur and oxygen
content) and vehicle emissions (both evaporative and tailpipe) did not include gasoline with
blends of ethanol greater than 10 percent by volume. As such, this ARB regulation would have
to be modified before E15 blends could be considered for use in the state. Since this process
would require several years to complete (if this path were to be pursued) and the outcome
uncertain, staff has assumed in this analysis that E10 will remain the practical upper limit in
California gasoline low-level blends over the foreseeable future.

Increased Ethanol Use in Gasoline — E85

Since the ethanol blend wall in California is assumed to remain at 10 percent by volume over
the forecast period, the only reasonable means using more ethanol in transportation fuels is to
increase the sales of E85. As of October 2008, there were nearly 382,000 registered vehicles in
California that could use either gasoline or E85.3 These vehicles are referred to as FFVs.
Although there is a large population of FFVs in California, there are only a few retail stations
that offer E85. As of July 2009, there were only 25 retail stations that offered E85 to the public.
Staff expects that the quantity of E85 sold in California will increase in response to higher levels
of mandated ethanol use due to the RFS2. However, the pace of this expansion may be
inadequate to achieve compliance due to a variety of infrastructure challenges and
disincentives.

There are several challenges to expansion of E85 sales in California. Availability of E85 will

need to increase dramatically to ensure that sufficient volumes of E85 can be sold to keep pace
with RFS2 requirements. Assuming a 10 percent ethanol blend wall, E85 sales in California are
forecast to rise from 2 million gallons in 2010 to 1,389 million gallons in 2020 and 1,678 million
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gallons by 2030 under the High Demand Case for gasoline. Figure 3.5 shows the annual E85
forecast for both the Low and High Demand Cases.

Figure 3.5: California E85 Demand Forecast 2010-2030
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Source: Energy Commission analysis.

However, the proposed RFS2 regulations do not have any requirements that retail station
owners and operators make available E85 for sale to the public. Refiners, importers, and
blenders have an obligation to comply with the RFS2 standards, but retail station operators do
not have any obligation. This is an apparent “disconnect” in the RFS2 policy that could easily
result in a retail infrastructure that is inadequate to handle the necessary increase in E85 sales.

Another potential issue is what type of base gasoline will be necessary to blend with ethanol to
produce E857? If the blendstock is something other than CARBOB for E10 blending, additional
segregated storage tanks would be required throughout the production and distribution
infrastructure to accommodate this new gasoline blendstock.

To calculate the number of retail stations that would need to offer E85, staff had to first estimate
the number of E85 dispensers that would need to be operating. This quantity of E85 dispensers
can vary depending on the annual statewide demand for E85 and the average annual
distribution of E85 per dispenser. Depending on the average quantity of fuel sold by a typical
E85 dispenser, California could require between 3,000 and 19,000 E85 dispensers by 2020. The
average annual distribution of transportation fuel per fuel dispenser in California between July
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1, 2007, and June 30, 2008, is estimated at 452,000 gallons. However, staff estimates that a
dispenser that sells only one type of fuel sold an average of between 150,000 and 175,000 gallons
over this same period.?> Actual per-station E85 annual sales figures for Minnesota are much
lower, averaging about 74,000 gallons.* The impact of lower annual throughput and minimum
per-gallon margins necessary to make a profit are discussed later in this section. Figure 3-6
depicts the growth in E85 dispenser availability over the forecast period that would be
necessary to distribute sufficient volumes of E85 to help meet comply with the RFS2.

Figure 3.6: California E85 Dispenser Forecast 2010-2030
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Source: Energy Commission analysis.

The significant increase in E85 dispenser availability at California retail stations has a potential
barrier or increased difficulty associated with equipment approval. Most (if not all) retail
dispensers have been certified by Underwriters Laboratories (UL) or are assembled using UL-
approved parts and components. During October 2006, UL “suspended authorization for
manufacturers to use UL markings (Listing or Recognition) on components for fuel-dispensing
devices that specifically reference compatibility with alcohol-blended fuels that contain greater
than 15 percent alcohol i.e., ethanol, methanol or other alcohols.”” UL announced during
October 2007 that it had developed procedures for reviewing dispensers suitable for selling
E85.38 This step means that manufacturers may submit components intended for use in E85
dispensers for UL certification. It is not known how many dispensers designed for dispensing
E85 have been certified by UL, if any.® Furthermore, it is uncertain how this situation may or
may not be impeding installation of E85 dispensers in California since several new retail
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locations have starting selling E85 over the last several months. It is possible that variances or
waivers are being granted for E85 equipment submitted for approval by local jurisdiction that
has oversight.

E85 retail infrastructure is expensive. Costs for installing a new UST, dispenser, and
appurtenances range between $50,000 and $200,000.% Costs can be reduced if an existing UST is
used to store and dispense the E85. Dedicated mid-grade and premium storage tanks are two
examples, although each option has additional complications. The mid-grade replacement
option is estimated to cost only $20,000 but requires a station that has a dedicated mid-grade
gasoline tank.*! The portion of retail stations in California that still have dedicated mid-grade
USTs is estimated at no more than 30 percent.#? This option in California is limited and will
decline in the future since new retail stations do not normally install a dedicated mid-grade
UST. The National Renewable Energy Laboratory (NREL) also examined a scenario whereby a
retail station owner uses a dedicated premium grade gasoline UST to store and dispense E85.
This option will likely eliminate premium and mid-grade gasoline sales at a retail station. It
should also be noted that premium grade gasoline sales usually command the highest profit
margin. A retail station owner would have to believe that the E85 margins would be even
higher when compared to premium gasoline for this business strategy to be a viable option.

NREL conducted modeling to assess various factors that can impact profitability of a decision to
modify an existing retail station to dispense E85. Figure 3.7 shows the three options (new tank,
use of existing mid-grade tank, and use of existing premium tank) and the per-gallon level of
margin required to sustain profitability over a wide range of annual E85 fuel throughput. The
graph illustrates that the new tank and mid-grade tank options are similar, while the premium
option requires higher margins at any level of throughput.
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Figure 3.7: E85 Business Scenario Margins and Annual Throughput
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The actual level of E85 sales is probably the most important variable for determining the per-
gallon margin necessary to be profitable. Variation in the actual cost of equipment is the second
most important variable. Figure 3.8 shows how the level of margin required to be profitable
changes as the various factors are adjusted upward or downward.

Figure 3.8: E85 New Tank Scenario Factors and Required Margin
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Sources: NREL Technical Report TP-540-41590, Dec. 2007, Figure 6, page 15.

Most retail station owners and operators could have a difficult time obtaining sufficient
resources to finance this type of work. Nearly 60 percent of retail stations in the United States
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are owned and operated by someone who has one store (see Figure 3-9).% Large oil companies
are actually reducing the number of retail stations they own and operate.

Figure 3.9: U.S. Convenience Store Ownership Profile
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Sources: National Association of Convenience Stores (NACS) and TDLinx Official Industry Store Count, Feb. 2009.

Once again, there is no obligation to install E85 dispensers nor is there a strong financial
incentive for a typical retail station owner. During 2008, more than 80 percent of the gasoline
sold to the public nationwide was through convenience stores.* These places of business have
continued to be profitable over the last decade, averaging nearly $32,700 per store pre-tax
profits between 1999 and 2008.# Figure 3.10 shows that these pre-tax profits are not steady but
can fluctuate over time. It is possible that because most stations are operated by a sole
proprietor and pre-tax profits are historically less than $40,000 per year, voluntary installation
of a new E85 retail dispenser, UST, and associated piping is a business proposition that would
be difficult to justify. In fact, the majority of retail locations that have recently installed E85
dispensers in California have done so with either partial or complete financial assistance from
other funding sources.*
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Figure 3.10: U.S. Convenience Store Average Pre-Tax Profits 1998-2008
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However, the state should continue to provide as much assistance as available resources permit
to help increase the likelihood of successful E85 availability. One such example could be the
periodic publication of FFV ownership density maps that show which locations (by ZIP code
divisions) have the highest concentration of FFVs so that retail station owners and other
business interests can initially target locations that have a greater number of FFVs. Figure 3.11
depicts the FFV density for California for April 2008. The darker areas have the greatest density
of FFVs per geographic area, while the lightest shading has the lowest concentration.
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Figure 3.11: California FFV Density Map — 2007
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E85 Demand and Flexible Fuel Vehicle Forecast

Along with the forecast rise of E85 sales in California, there is a commensurate rise in the
number of FFVs that would be necessary to use greater volumes of E85. The FFV forecast
depends on the total demand for E85, the fuel economy of FFVs, the average number of vehicle
miles traveled (VMT) per FFV, and the frequency of E85 fueling by a typical FFV owner. Based
on these interrelated factors, the FFV population would need to grow from a total of 382,000
vehicles in October 2008 to as many as 2.4 million FFVs by 2020 and 3.3 million by 2025. Figure
3.12 shows the FFV forecast for both the Low E85 and High E85 Demand Cases. The lower FFV
forecasts assume that FFV owners elect to use E85 each fueling event (100 percent of the time).
Even higher numbers of FFVs would be required if owners fueled with E85 at least 75 percent of
the time.

Figure 3.12: California FFV Demand Forecast 2010-2030
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Based on these FFV forecast trends, a significantly greater number of FFVs will need to be sold
in California than are assumed in the base case as soon as 2015. Most automakers are believed
to having committed to produce up to half of their new vehicle models as FFV-compliant by
2012, contingent upon an adequate fueling infrastructure.”” However, the ability of automobile
manufacturers to produce an even greater portion of their new models as FFVs for sale in
California could be challenged due to increasingly stringent emission standards and higher fuel
economy standards.
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Flexible Fuel Vehicles — Technical and Policy Challenges

New vehicles offered for sale in California have to include an increasing percentage of models
that meet super—ultra-low-emission vehicle (SULEV) and PZEV evaporative emission
standards. Compliance with these standards is a technical challenge for FFVs.* These technical
challenges are currently limiting the number of new vehicles that can be offered for sale as
FFVs.# Regulations adopted by ARB designed to reduce emissions from new vehicle models
(both tailpipe and evaporative), along with revised ZEV standards, will require automobile
manufacturer compliance with more stringent emission standards and growing percentage of
ZEV and PZEV sales.>® Both of these sets of standards will create significant challenges for
greater introduction of FFVs. The upper limit of FFV availability for new vehicle sales and
incremental cost of California vehicle emission standards is unknown at this time.

Increasing fuel economy standards will require vehicle manufacturers to offer for sale a mixture
of makes and models that will meet the more stringent corporate average fuel economy (CAFE)
goals. The granting of California’s waiver request by U.S. EPA on June 30, 2009, has allowed for
the setting of limits on the GHG emissions from new vehicle sales in this state.>! One potential
implication of this regulation is that the mix of new vehicles offered for sale in California will
need to achieve ever-higher CAFE standards. As such, vehicle manufacturers may plan to offer
certain makes and models of more fuel efficient vehicles, such as: PHEV, fuel cell, direct
injection diesel, and electric vehicles. None of these vehicles are FFVs. It is possible that vehicle
manufacturer marketing decisions might preclude FFVs, setting the stage for a potential
shortfall of new FFV vehicle availability in California in sufficient numbers to help meet
compliance with the RFS2 renewable fuel obligations. This potential policy conflict should be
examined in greater detail to determine if a potential FFV availability shortfall could occur.

E85 Pricing Issues

A growing market for E85 necessitated by ever-increasing mandated use of ethanol will need to
adjust to the fact that E85 has less energy per gallon when compared to a gallon of E10. This
energy difference can reduce the number of miles traveled per gallon from between 23 and 28
percent.”? As such, the retail price of a gallon of E85 would need to be an equivalent percentage
less than a retail gallon of E10 to ensure that an FFV operator would receive a gallon of equal
value. For example, if a gallon of E10 was priced at $2.50, a gallon of E85 would need to be
priced at between $1.80 and $1.95. However, in actual practice, FFV motorists have been
consistently overpaying for E85 fuel. Figure 3.13 tracks the national average retail prices from
this study for both gasoline and E85. Staff has also included a gasoline-gallon equivalent (GGE)
price for E85 based on an average fuel economy difference of 75 percent. As the chart indicates,
consumers were paying more per gallon for E85 than fuel economy equivalent price.
Consumers appear to have overpaid by an average of 29 cents per gallon during the study
timeframe. The overpayment ranged between 20 and 39 cents per gallon.
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Figure 3.13: U.S. Gasoline and E85 Retail Prices July 2007 — June 2008
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Source: National Renewable Energy Laboratory, Technical Report NREL/TP-540-44254, October 2008.

As California sales of E85 increase, there should be steps taken to help ensure that FFV
motorists are receiving adequate pricing information at retail stations to put them in a position
of making more informed fuel purchase decisions. Over time, FFV consumers may elect, on
average, to pay a premium for E85 above the gasoline gallon equivalent (GGE) price. However,
the California Division of Measurement Standards (DMS) should expand their posted retail
price standards to include some form of energy-equivalent or fuel economy-equivalent pricing
information at all retail stations offering E85 in California.

The lower fuel economy of E85 and resulting need to discount the price of this fuel to attract a
sufficient level of demand implies that the suppliers of ethanol will need to consistently
discount the wholesale price of E85. The need to provide consistently discounted ethanol for
E85 blending could place downward pressure on ethanol wholesale prices and further depress
ethanol producer profitability. This is one of the reasons that several ethanol producer
stakeholders are pushing to have the ethanol blend wall increased from 10 to 15 percent by
volume so that ethanol can be sold at or near gasoline values rather than being discounted. It
should be noted that in a non-mandated market setting, E85 retail stations and availability of
FFVs allow for a type of ethanol pricing “floor,” meaning that as the discount between ethanol
and gasoline increases, the economic incentive to blend additional volume of E85 on a
discretionary basis rises allowing a greater quantity of ethanol to be sold into the fuel market
(higher demand for ethanol producers). However, this discretionary market scenario will likely
not develop as E85 sales in California will need to increase significantly to maintain compliance
with mandated RFS2 “fair share” blending requirements.
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The only possible exception to this outlook is the potential economic benefit of excess RINs.5
The RFS2 program requires the tracking of renewable fuel use such that all obligated parties are
able to verify compliance through sufficient levels of renewable fuel use or the acquisition of
excess RIN credits from other market participants who have exceeded their “fair share”
blending levels. Excess RIN credits have an economic value that has fluctuated between 3.7 and
16.3 cents per gallon (CPG) between October 2008 and June 2009 (see Figure 3-14). RIN values
have averaged 13.6 CPG for the first half of 2009. However, these RIN credit levels may not be
sufficient to overcome the economic value of the fuel economy differential (44 to 56 CPG for
$2.00 gasoline), even if one assumes that the blenders receiving the RIN credit revenue will be
willing to pass some of that money back through to ethanol producers in the form of higher
wholesale ethanol prices.

Figure 3.14: RIN Values October 2008 — June 2009
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It is clear from recent history that excess RIN credits can be viewed by the holder as an
additional revenue stream that can be used to help offset costs and maintain sufficient profit
levels. However, the party who holds title to the RINs can be unclear, and this uncertainty
complicates compliance strategies for various parties.”® E85 blending in California is currently a
practice involving other marketers who are not refiners. In this circumstance, the non-refiner
blender can accrue RIN credits and their associated economic value that can be sold to either
RIN aggregators, refiners, or other obligated parties. As California transitions to increased sales
of E85 necessitated by RFS2, an imbalance between refiners’ ethanol blending obligations and
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actual ethanol blending could widen if other market participants are the entities primarily
blending and delivering the E85 to retail. Under this scenario, refiners would need to purchase
an increasingly greater number of excess RIN credits to ensure compliance. In fact, the RINs
embodied in the E85 could also be passed along to the retailer, who has no obligation to blend
ethanol. Either way, it is likely that the cost of acquiring these RIN credits will be passed along
to consumers in the form of higher prices over the longterm by those parties forced to acquire
excess credits (such as refiners).

LCFS and Changing Mix of Renewable Fuel Types

The ARB adopted the LCFS regulations on April 23, 2009. The regulation is intended to reduce
the per gallon carbon intensity (as measured by both direct and indirect life cycle carbon
emissions) of gasoline and diesel fuel by 10 percent between 2010 and 2020. The LCEFS is
expected to necessitate changes in the type of ethanol blended in California. Traditional ethanol
(corn-based ethanol from the Midwest) has an average carbon intensity that is slightly higher
than that of the base gasoline used to blend with the ethanol (referred to as CARBOB). As such,
it is likely that this type of ethanol (currently supplying nearly 100 percent of California’s needs)
will fall from favor as early as 2011 (the first year for LCFS compliance). Therefore, other types
of ethanol that have lower carbon intensity values will probably become more desirable as
refiners and other obligated parties strive to achieve compliance with the RFS2 and LCFS
simultaneously. Although the carbon intensity reductions appear modest, the anticipated trend
of shifting from one type of ethanol to others will create potential supply and logistical
challenges that could be difficult to overcome and probably result in higher compliance costs
that will be passed along to consumers.

As is the case with gasoline, the lower per-gallon carbon intensity requirements of diesel fuel
are expected to necessitate greater use of biodiesel to levels higher than the “fair share”
biodiesel obligations associated with the RFS2. The magnitude of this increased use of biodiesel
is not yet quantified since the carbon intensity values of various types of biodiesel fuels have yet
to be finalized. The Energy Commission will continue to assess potential biodiesel supply and
infrastructure issues as new information becomes available.

Assuming that there are no credits available from over-compliance and purchase of alternative
vehicle credits, staff estimates that the LCFS for gasoline will greatly increase demand for
Brazilian ethanol over the near to mid-term, while also necessitating expanded use of E85.
Assuming also that the ethanol blend wall in California remains at 10 percent by volume over
the forecast period, staff estimates that various types of ethanol will have limited use as a blend
in E10. The lower the carbon intensity of ethanol, the longer it will be used as a blend in E10.
Table 3.4 depicts the various types of ethanol and how long they can be used absent over-
compliance and acquisition of offsetting credits.

76



Table 3.4: LCFS — Complying E10 Blends

Gasoline with 10 Percent Ethanol (E10) 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Midwest Wet Mill (60% NG and 40% coal)

Midwest Dry Mill - Dry DGS (NG)

Midwest Dry Mill - Dry DGS (80% NG and 20% Biomass)
Midwest Dry Mill - Wet DGS

Midwest Dry Mill - Wet DGS (80% NG and 20% Biomass)
California Dry Mill - Dry DGS (NG)

California Dry Mill - Dry DGS (80% NG and 20% Biomass)
California Dry Mill - Wet DGS (NG)

California; Dry Mill - Wet DGS (80% NG and 20% Biomass)
Brazilian Sugarcane - Average Production Process
Brazilian Sugarcane (Cogeneration Credits)

Brazilian Sugarcane (Mech. Harvesting & Cogen. Credits)

Sources: California Air Resources Board (ARB) and Energy Commission analysis.

Based on the information in the above table, certain types of ethanol are increasing difficult to
blend in gasoline as E10 without acquisition of LCFS credits (from low-carbon vehicles) or over
compliance. Brazilian ethanol may be blended in E10 for several years (up through 2016)
without carbon credit offsets. California ethanol is viable in E10 blends for up to four years
before it would need to be exported for use outside California or blended as E85. Finally,
Midwest ethanol blending would be most limited, only able to be blended for a couple of years
assuming the ethanol plant had wet DGS as a co-product. Lastly, early use of Brazilian ethanol
can enable a smaller portion of Midwest ethanol to be used for a longer period in E10 blends.
However, the ratio of Midwest-to-Brazil ethanol declines to zero by 2017.

Since refiners and other obligated parties still need to achieve compliance with RFS2 “fair
share” renewable fuel use, companies will need to examine other options for ethanol use in
California besides blending with gasoline at a concentration of 10 percent by volume (E10).
Increasing the concentration of ethanol in gasoline can reduce the overall carbon intensity of the
blended gallon as long as the ethanol being used has lower carbon intensity than the base
gasoline. Increasing use of E85 allows obligated parties to use various types of ethanol over a
longer period. Table 3.5 shows the additional number of years that specific sources of ethanol
can be used in a gallon of E85 for reducing the gasoline carbon intensity.
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Table 3.5: LCFS — Complying E85 Blends

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Midwest Wet Mill (60% NG and 40% coal)
Midwest Dry Mill - Dry DGS (NG)
Midwest Dry Mill - Dry DGS (80% NG and 20% Biomass)
Midwest Dry Mill - Wet DGS

Midwest Dry Mill - Wet DGS (80% NG and 20% Biomass)
California Dry Mill - Dry DGS (NG)

California Dry Mill - Dry DGS (80% NG and 20% Biomass)
California Dry Mill - Wet DGS (NG)

California; Dry Mill - Wet DGS (80% NG and 20% Biomass)
Brazilian Sugarcane - Average Production Process
Brazilian Sugarcane (Cogeneration Credits)

Brazilian Sugarcane (Mech. Harvesting & Cogen. Credits)

Sources: California Air Resources Board (ARB) and Energy Commission analysis.

As the table indicates, blending ethanol in E85 (under most circumstances) can achieve full per-
gallon compliance with the LCFS without the need for any offsetting carbon credits. The only
exceptions are California ethanol facilities that have dry DGS co-products and certain sources of
Midwest ethanol.

In future years, the decreasing per gallon carbon intensity requirements for gasoline will
necessitate using types of ethanol with ever-lower carbon intensities. Currently, Brazilian
sugarcane ethanol has the lowest carbon life-cycle rating of all of the different types of ethanol
that are currently being produced at commercial-sized facilities.” Lower-carbon intensity
pathways for Brazilian ethanol production that employ reduced field residue burning or
increased cogeneration from bagasse could achieve LCFS compliance over a longer period. The
demand for this type of ethanol is expected to be strong as refiners and other market
participants work toward compliance with the gasoline LCFS. As such, the quantity of ethanol
that may be available from Brazil for import into California over the near term is of great
importance but associated with significant uncertainty.

Additional pathways with lower carbon intensities can extend the length of time that ethanol
can be used in gasoline blends for either E10 or E85. Verification of lower carbon intensity (CI)
pathways is expected to continue over the next couple of years. This is especially the case once
cellulosic ethanol and diesel fuel production is achieved and verified on a commercial scale.
However, lack of information at this time precludes any analysis as to how beneficial those
improvements could be to helping achieve LCFS compliance. Other “non-fuel” LCFS
compliance options, such as purchase of vehicle credits, can also extend the use of ethanol in
gasoline blends or reduce the need for expanded E85 use.
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Ethanol Supply Outlook
U.S. Ethanol Supply Outlook and Issues

Increasing demand for ethanol as a transportation fuel has been met by expansion of domestic
production capacity, fluctuating quantities of imported ethanol, and inventory build or draws
as necessary to balance out demand. Figure 3.15 shows supply and demand for U.S. ethanol
between January 2004 and May 2009. Ethanol demand set another record in May 2009 of 712
thousand barrels per day (TBD). The demand for ethanol is expected to continue growing over
the forecast period due to mandated blending quantities stipulated by the federal RFS2.

Figure 3.15: U.S. Ethanol Supply and Demand January 2004 — May 2009
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Sources: Energy Information Administration (EIA) and Energy Commission analysis.

As the chart indicates, net imports of ethanol play a lesser role in the total supply picture.
However, one of the key importers of ethanol over the last couple of years (Brazil) is expected to
play a more pivotal role as demand for ethanol with lower carbon intensity grows in response
to the California LCFS and the RFS Advanced Biofuels requirements. Figure 3.16 shows
monthly U.S. net imports of ethanol between January 2004 and May 2009. Ethanol imports
peaked at 100 TBD during August 2006. However, the oversupply of domestic ethanol and
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relatively low prices in the United States have reduced ethanol imports to modest levels during
the first five months of 2009.

Figure 3.16: U.S. Net Ethanol Imports January 2004 — May 2009

120
O VirginIslands
B Pakistan
>, 100 T O Netherlands
chs B China
_ @ Argentina I
O] B Trinidad & Tobago
Q 80 1 \ g
" O Jamaica I U
D B El Salvador |
= O Costa Rica
ccg 60 T =m Cangda il I
— O Brazil I _
o _
%)
©
c
]
)
]
o
<
|_

|

w0
o

T

Jul-05 =

Jul-04 7
Sep-05 7

Sep-04 1
Jul-06 7

Sep-06 1

N N
o o o
—u
=]
-04 =
—
——— =
———]
———
=}
e
T T
T T
I I- ) e
NOV'OG e ——
; -
=]
-
e —
; —
e —

Jul-07 1

Sep-07
Jul-08 1

Sep-08 T
Nov-08 ==

Jan-08 =r—-
Jan-09 1

Mar-04 =
May
Nov-04 7
Jan-05 1
Mar-05 1
May-05 =
Jan-06 = .
Mar-06 1
May-06 1
Jan-07 1
Mar-07 1
May-07 T
NOV-O7 e
Mar-08 1
May-08 1
Mar-09 1
May-09

Jan-04 &

>
()
=z

Sources: Energy Information Administration (EIA) and Energy Commission analysis.

Several national and most California ethanol producers have recently been forced to shutter
their operations due to a climate of sustained, poor production economics primarily brought
about by a national oversupply of ethanol production capacity. Figure 3.17 tracks an aggregate
measure of ethanol plant gross margins and shows that production economics have been
significantly reduced from the highs of more than five dollars per bushel of corn processed
during 2006 to less than one dollar per bushel during the early months of 2009.
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Figure 3.17: U.S. Ethanol Industry Profitability March 2005 — July 2009
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Sources: USDA - National Agricultural Statistics Service and Chicago Board of Trade (CBOT).

This development is expected to be temporary as demand for ethanol is forecast to significantly
increase over the next several years as a consequence of the federal RFS regulation. In time, the
oversupply of ethanol will be reduced and the profitability of the industry will likely improve.
In fact, ethanol production economics show signs of improvement during July 2009, and these
improved conditions may enable a number of idled facilities to resume operations. The ethanol
market has experienced other periods of economic difficulties associated with changing cost
structures, market price differentials between gasoline and ethanol, as well as evolving markets
for various co-products.>

As of June 2009 there was an estimated 2.2 billion gallons of surplus ethanol production
capacity in the United States.® Figure 3.18 shows the annual ethanol plant capacity for the
United States broken down by operating, idle, and under construction, along with the number
of ethanol facilities. The overwhelming majority of these facilities use corn as their sole or
primary feedstock (99.3 percent of active plants, 98.3 percent of idle plants, and 92.6 percent for
facilities under construction). It should also be noted that not all ethanol plants that are under
construction will be completed and become operational.
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Figure 3.18: U.S. Ethanol Plant Numbers and Capacities 1999-2009
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Sources: Renewable Fuels Assaciation (RFA) (January '99 — January '09) and Ethanol Producers Magazine (June '09).

Despite the recent poor economics for operating domestic ethanol plants, production capacity of
conventional ethanol is expected to be adequate over the next several years as facilities resume
operations and new producers come on-line after completing their construction projects. As
indicated in Figure 3-18, there was 12.9 billion gallons per year of ethanol production capacity
in place (either operating or idle) as of June 2009. Even if only 50 percent of the capacity under
construction is completed within the next year, there will still be sufficient domestic capacity in
place to meet the 2012 calendar year RFS2 obligations for corn ethanol.®

However, the current supply availability of certain other types of domestic ethanol is quite
limited. Cellulosic ethanol production capacity is currently less than 4 million gallons per year
production capacity.®! The proposed federal RFS2 regulations require 100 million gallons of
cellulosic ethanol use in 2010 and 250 million gallons in 2011. Since there is less than 5 million
gallons per year of cellulosic ethanol production capacity currently under construction (as of
July 2009), it is unlikely that there will be sufficient cellulosic ethanol capacity in place to meet
the RFS2 obligations in 2010. In fact, the largest prospective cellulosic diesel producer identified
by U.S. EPA in its proposed RFS2 regulatory package, Cello Energy, has recently been found by
a federal jury in Alabama as liable for a $2.8 million breach of contract and $7.5 million in
punitive damages in a court case associated with its cellulosic diesel fuel process technology
claims.®?
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Therefore, U.S. EPA should delay the cellulosic obligations until commercial production
capacity is actually operational. This concept would be similar to the biodiesel blending
mandate in Oregon that is triggered only when a sufficient threshold of biodiesel production
capacity is actually operational for a period of three months.®® Specifically, U.S. EPA could set
the national cellulosic ethanol use requirement for each January 1, based on the level of
commercial-scale nameplate capacity of operating facilities in North America as of the
preceding July 1.

California Ethanol Supply Outlook and Issues

Currently, five of the six California ethanol facilities are idle with a collective production
capacity of nearly 240 million gallons per year. Two of the California facilities, owned by Pacific
Ethanol, are in Chapter 11 bankruptcy proceedings. The remaining three idle ethanol plants are
temporarily closed due to poor economic operating conditions (costs are exceeding revenue
streams). Chapter 11 proceedings could result in an auction of some of California’s ethanol
facilities to other companies. A recent example is Sunoco’s purchase of an ethanol facility in
New York for $8.5 million.** The 100 million gallon per year capacity ethanol plant originally
cost $200 million to design, permit, and construct. It is possible that another company could
purchase one or more of California’s ethanol plants at a large discount and/or greatly reduced
debt load sufficient to enable an immediate resumption of operations and their commensurate
employment gains.

Idled California facilities are expected to resume operations sometime during 2010, if not
earlier. However, for this analysis, all California facilities that are currently idle are assumed to
be fully operational at their rated nameplate capacity of nearly 240 million gallons per year
beginning January of 2011.

Future projects to develop ethanol production that would qualify for Advanced Biofuels and
Cellulosic classification continue to be permitted and discussed. However, none of these
proposed projects has yet to begin construction. The potential production capacity for advanced
biofuels ethanol production in California is estimated by staff at approximately 502 million
gallons per year. The majority of these facilities would use sugar cane as the primary feedstock.
With regard to cellulosic ethanol production projects, there are nine facilities that have been
discussed with a combined capacity of 168 million gallons per year. Although these incremental
volumes of planned ethanol production are significant, there remains substantial uncertainty
concerning viability of these projects under the current poor ethanol economic conditions. Over
the near-to mid-term period, it is likely that some of these facilities will begin construction.
Since the magnitude of incremental production and timing of new facility operations is highly
uncertain, staff has elected to exclude these estimated production capacity volumes from in-
state ethanol availability. Over time, some portion of this planned capacity is expected to come
on-line, but probably only a lesser percentage of the total within the next five years.
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Brazil Ethanol Supply Outlook and Issues

Ethanol from Brazil is produced from sugarcane, rather than corn. Since sugarcane cannot be
stored once harvested, ethanol production in Brazil occurs seasonally, necessitating storage of
ethanol sufficient to last until the following harvest cycle.® Brazilian ethanol production is also
tied closely with the production of sugar from the cane juice. This means that ethanol plants in
Brazil can adjust the ratio of ethanol-to-sugar in reaction to local ethanol demand/prices, export
ethanol market economics, and world sugar demand/prices. In contrast, most United States
ethanol producers do not have the flexibility to alter ethanol production by switching to another
product. Ethanol production in the United States is adjusted by altering the quantity of corn
processed. Table 3.6 compares the ethanol industry differences in Brazil and the United States.

Table 3.6: Brazil and United States Ethanol Operations — 2008

United

2008 Comparison Brazil States
Number of Ethanol Plants 96 193
Combined Number of Ethanol & Sugar Mill Facilities 229

Total Ethanol Plants 325 193
Total Ethanol Production (Billions of Gallons) 5.9 9.2
Average Plant Production (Millions of Gallons/Year) 18.2 47.7
Ethanol Production Per Acre of Feedstock (Gallons) 678.5 432.4
Ethanol Plant Operation Seasonal [Year-round
Long-term Feedstock Storage No Yes

Sources: Various and Energy Commission analysis.*®

As is the case in the United States, Brazil ethanol production has continued to increase, setting a
record output level of 5.94 billion gallons during 2008 (see Figure 3.19). Brazil produces two
different types of ethanol, hydrous and anhydrous. Hydrous ethanol contains water in
concentrations up to 5.6 percent by volume.*” This type of ethanol is used in FFVs designed to
operate on fuels containing between 24 and 100 percent by volume or E100 (100 percent fuel
ethanol). Hydrous ethanol is also exported to other countries (especially in the Caribbean) that
further process (distill) the ethanol to remove most of the water before sending to the United
States, duty free under the Caribbean Basin Initiative (CBI).®® All ethanol produced in Brazil in
the initial steps of processing contains water that must be removed with an additional
distillation step if the ethanol is destined for low-level gasoline blends in Brazil or final export
destinations. Once the distillation step has been completed, the resulting product is referred to
as anhydrous ethanol. This type of ethanol is suitable for blending with gasoline for use in low-
level blends (up to 26 percent in Brazil and up to 10 percent by volume in the United States).*
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Figure 3.19: Brazil Ethanol Production 1990-2008
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Production of ethanol in Brazil is determined by the interrelationship between various factors:
minimum blending levels in gasoline as set by its Ministry of Agriculture; world sugar market
demand, balances, and prices; outcome of sugarcane growing season; and the potential value of
ethanol exports. Based on the interaction of these market components there may or may not be
ample excess supplies of ethanol available to export from Brazil any given year. Over the last
five years (2004 through 2008), Brazil has exported between 0.60 and 1.35 billion gallons of
ethanol (see Figure 3-20).
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Figure 3.20: Brazil Ethanol Exports 2004-2008
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The level of Brazilian ethanol exports that arrive in the United States can vary depending on the
relative price of ethanol in the U.S. market compared to the price of ethanol in other alternative
destination countries. Keep in mind that Brazilian exporters of ethanol to the United States must
pay two types of import duties, an ad valorem tax equivalent to 2.5 percent of the ethanol
transaction price and a secondary import duty of 54 cents per gallon. Assuming ethanol is
selling for $2 per gallon, the combined import duties for Brazilian ethanol would amount to 59
cents per gallon (ad valorem of 5 CPG + secondary import tariff of 54 CPG).” This form of
protectionism increases the cost of supplying ethanol to the U.S. market and is a type of trade
barrier not applied to other types of transportation fuel-related foreign imports such as crude
oil, gasoline, jet and diesel fuel. Lately, a variety of stakeholders have been calling for the
elimination of this ethanol import tariff, especially in light of the increased demand for Brazilian
ethanol that is likely to materialize as a consequence of the federal RFS Advanced Biofuels
requirement and California’s LCFS for gasoline carbon intensity. Modeling work assessing the
potential impact of removing the 2.5 percent ad valorem and the secondary import tariff
suggest that the price of ethanol in the United States could be reduced from 2.5 to 14 percent, a
potential benefit to consumers.”

The amount of excess ethanol that may be available to import from Brazil over the next several
years is forecast to grow to between 1.9 billion and 3.2 billion gallons by 2015.7 Figure 3.21
illustrates estimates from UNICA and Empresa de Pesquisa Energética or Energy Planning
Agency of the Ministry of Mines and Energy of Brazil (EPE).
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Figure 3.21: Brazil Ethanol Export Forecast
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EPE'’s forecast of Brazil ethanol exports is more conservative than the Brazilian sugarcane
industry association’s outlook, especially when you consider that the EPE export estimate for
2010 is less than the 2008 total of 1.4 billion gallons. Although these forecast ethanol export
volumes are sizable and could be used to achieve compliance with the Other Advanced Biofuels
portion of the RFS2 requirements, keep in mind that Brazil has a certain volume of export
obligations to locations other than the United States. One example is Japan, which is why EPE’s
forecast has a greater quantity of ethanol destined for that country (see Figure 3.22 for the graph
used in its report that contains the relative ethan